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Preface 
The share of transportation in energy usage in the cities is very high. Authorities seek sustainable and 

green public transportation systems when they plan the future of the cities. Green public transportation 

is a multidisciplinary subject which focuses on designing the unimodal or intermodal public transportation 

system in the cities, energy usage in these systems, and information systems to gather information related 

to possible passengers. So, to support energy consumption solutions, we prepare a one-week teaching 

program made up of 7 teaching modules and one supporting module to teach the future green public 

transportation systems in the future smart cities on the green public transportation systems in the future 

smart cities as an intellectual output of EUGPUT Project - Energy Usage and Green Public Transportation 

in Future Smart Cities: An Innovative Teaching Program for Students, Stakeholders and Entrepreneurs 

(2020-1-TR01-KA203-094242) funded by Erasmus Plus K203 Strategic Partnership. Module coverage and 

short content description can be stated as: 

● Module 1: The module will help project members to develop an innovative curriculum for the one-

week teaching program and use innovative teaching and evaluating methodologies in 8 teaching 

modules. This supporting module will not be included in this Handbook.  

● Module 2: The module will introduce learners to various concepts such as digital transformation and 

technology use, smart mobility and a green future, the role of a smart society, and managerial issues 

related to assuring a green future. 

● Module 3: The module will introduce learners to the concept of smart grids and trends in energy use 

in transportation. The module will look at the transition to different renewable energy sources and 

how to incorporate them into the energy system. 

● Module 4: The module will introduce learners to current public transportation technologies, air 

pollution problems caused by the vehicles used in current public transportation (Examples from 

European cities), alternative green transportation technologies, information systems, and efficient 

tools in green public transportation network planning of future smart cities.   

● Module 5: The module will introduce learners to Configurations of Intermodal Public Transport 

Networks, Modelling Intermodal Public Transport Networks, and Planning Intermodal Public 

Transport. 

● Module 6: The module will introduce learners to an overview of technologies and information 

systems across various green public transportation modes, whether these are used by pedestrians or 

integrated into bicycles, buses, and rails.  

● Module 7: The module will introduce learners to economic determinants of public transport, 

externalities, how fiscal policies and subsidies can be used to promote green technologies, and 

alternative financing methods. 

● Module 8: The module will introduce learners to Intellectual Property Rights, Patent Search, 

Development Idea and Preparation of Project Proposals, Development Business Plans and Financial 

Opportunities for Green Entrepreneurship.  

 



 

 

The innovative teaching program is a multidisciplinary and compact program for the needs of target groups 

designed to include trans-disciplinary approaches. Target groups include students, stakeholders (such as 

people from vehicle production companies, data analysts, engineers, and people from municipalities who 

will be the end users and policymakers of green public transportation systems), universities, teaching 

assistants, academicians, and entrepreneurs. For each module, the lecture notes handbook provides 

instructors and learners with a roadmap for teaching objectives, learning outcomes, prerequisite 

knowledge, skills and attitudes for this lecture, and suggested reading materials. 

 

The lecture notes handbook consists of an introduction, the main body and a conclusion parts. The 

introduction part states the general cover of the topic and the connection between the topic of the module 

and the lecture hour. The suggested content of the main body includes an information package, 

methodology and findings, game playing (info, rules, etc.), and a case study. The conclusion part consists 

of restating the literature and content of the lecture hour. 
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MODULE #2: SMART MOBILITY AND OTHER SMART PARTS ASSURING 

GREEN FUTURE 

HOURS 1 & 2: Introduction to green future, digital transformation and technology use 
 

AUTHOR INFORMATION 

 

Author(s): Anton Manfreda, Luka Tomat, Kristina Nagode 

E-mail: anton.manfreda@ef.uni-lj.si, luka.tomat@ef.uni-lj.si, kristina.nagode@ef.uni-lj.si     

 

Teaching Objectives 

The aim is to introduce the concept of green future, digital transformation, and technology use.   

 

Learning Outcomes  

In this lesson, learners will gain an understanding of: 

● green future and future society concept 

● the concept of digital transformation 

● the key drivers and areas of digitalization 

● important technological trends  

● innovative business models 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite knowledge is required. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Wirtz, B. W. (2021). Digital Business and Electronic Commerce - Strategy, Business Models and 

Technology, Springer International Publishing. 

● Tomat, L., & Trkman, P. (2019). Digital Transformation-The Hype and Conceptual Changes. 

Economic and Business Review, 21(3), 351–495. 

● Vaska, S., Massaro, M., Bagarotto, E. M., & Dal Mas, F. (2021). The digital transformation of 

business model innovation: A structured literature review. Frontiers in Psychology, 11, 3557–?. 

mailto:anton.manfreda@ef.uni-lj.si
mailto:luka.tomat@ef.uni-lj.si
mailto:kristina.nagode@ef.uni-lj.si
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● Westerman, G., Calméjane, C., Bonnet, D., Ferraris, P., & McAfee, A. (2011). Digital Transformation: 

A roadmap for billion-dollar organizations. MIT Center for digital business and Capgemini 

Consulting, 1, 1–68. 
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LECTURE NOTES 

 

1 – INTRODUCTION  

This lecture aims to firstly introduce the concept of green future and its position within the sustainability 

concept. Secondly, the aim is to introduce the key concept of digital transformation through various 

definitions and examples emphasizing digital transformation as a driving force of changes towards greener 

future. Learners will gain understanding on key areas of digitalization: customer experience (including 

customer engagement), business model, and process digitization. Technology today is evolving at a rapid 

pace, enabling faster change and progress, causing an acceleration of the rate of change. Thus, learners will 

be presented with trending important technologies that will forge the future developments of modern cities 

and change organizations’ value propositions to customers and to their business models in an innovative 

manner. 

 

Recently, digital transformation gained a lot of attention (Majchrzak et al., 2016). By transforming main 

business operations, management concepts are being changed and companies apply digital strategies to 

transform products, processes, and organizational structures (Matt, Hess, & Benlian, 2015). The concept of 

digital transformation was introduced approximately 20 years ago and signified the impact that digital 

technologies have on business processes in healthcare services (Bauer & Brown, 2001). However, digital 

transformation is highly related to change management, as technology has always been changing the way 

businesses have been operating. Thus, organizations need to continuously innovate and nowadays IT plays 

a central role in literally all innovation processes. So, digital transformation is an ongoing process that is 

nothing new “per se”, hence a foundation to understand digital transformation is needed, pointing out why 

it is so popular and what has changed. Therefore, to shed a light on the digital transformation concept as a 

driving force of change this lecture will explain the reasons for the increase in the popularity of digitalization 

and the relation between digital transformation and smart cities through important technologies enabling 

innovative business models. 

 

2 – MAIN BODY 

The world is changing and heavy industrialization and increasing population in urban areas resulted in a 

variety of problems that need to be addressed by cities administrator, policy-makers and urban planners 

(Eremia, Toma & Sanduleac, 2017). Thus, we are facing a long-term economic crisis, poverty and despair, 

inequality at different levels, housing problems, fossil fuels and traffic pollution, social insecurity, ineffective 

healthcare, and a democracy crisis. One approach to overcome those crises is the development of green 

cities enabling a green future. For cities to become green and sustainable, they need to overcome many 
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challenges. For example, urban areas produce more than 70% of global energy-related CO 2 emissions and 

an additional increase is expected if the urbanization trend continues (Uttara, Bhuvandas & Aggarwal, 

2012).  

 

Moreover, water is becoming more and more polluted, and the water supply is limited, which is resulting 

in poor water quality that affects the health of the population and threatens various ecosystems (Bowden 

et al., 2015). As the needs for energy, transportation and water are increasing, also co2 gas emissions are 

increasing, which is causing a decline in air quality, which also represents a challenge for modern cities 

(McGranahan & Murray, 2012).  However, all these challenges can be tackled by green and sustainable 

smart cities’ development with emphasis on green business, use of renewable energy sources, district 

heating, photovoltaics, smart mobility and smart transportation systems, car sharing, organic farming, and 

green jobs.  

 

Many definitions of the green city can be found both in practice and academia. In general, green cities are 

in line with the natural way of living regarding humans and other living organisms as important constituents 

of their infrastructure. Thus, city residents respect and actively use all forms of nature with green urban 

areas being in the center of city development. In smart cities, natural elements are composing a network 

of urban infrastructure, which needs to be thoroughly developed and managed (Breuste, 2020).   

A green city is a foundation for the establishment of a green future. To achieve a green future, information 

technology can play a significant role. Information technology has been evolving for a long time but has 

now reached the level, where multiple devices that are interconnected via the internet can measure 

parameters, process them, and send them to the cloud to be available for further analysis with advanced 

business intelligence systems or artificial intelligence. The technology that performs self-monitoring, 

analysis and reporting is denoted as SMART and represents the basis for numerous “smart concepts”.  
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Figure 1: Green smart city foundations  

Source: Planning Tank, 2017 

In the beginning, the sustainability concept mostly revolved around environmental challenges, with a focal 

point on the idea of limited natural resources that needed to be conserved. The main aspects considered 

were climate change, clean energy, sustainable transport, sustainable consumption and production, 

conservation and management of natural resources and public health. Gradually, the social and economic 

aspects were discussed as well, mainly from the perspective of demography and migration, global poverty, 

and sustainable development challenges (Ahern, 2011).  

The latter is evident also while considering the share of renewable energy in electricity production in Japan 

in the last decade (Figure 2). Japan is presented here only as one example; however, as an important one 

since the concept of Society 5.0 as a future society also originates from Japan. 
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Figure 2: Share of renewable energy in electricity production in Japan from the year 2011 to 2020 

Source: METI (Japan); Renewable Energy Institute, 2021 

Sustainability, related to organizations, is commonly represented by the Tripple bottom line model 

(Elkington, 1994), which represents sustainability as a balance between the environmental, social, and 

economic pillars. The model is still commonly used because it indicates the need for socially and 

environmentally responsible behaviour in organizations, as well as allows for economic growth (Agudelo, 

Jóhannsdóttir, & Davídsdóttir, 2019). Such a holistic approach represents a new concept of organizational 

sustainability and is based on the understanding that organizations have a new, changed role in society, 

and therefore must accept strategic decisions adjusted to their new social context (Van Marrewijk, 2003). 

Cities and living in cities are not an exception. Considering urban environments are expanding rapidly and 

increasingly more people are moving to cities, with half of the world’s population already living in them 

(United Nations, 2018), they have a crucial role in making the world more sustainable (Ahern, 2011). 

Digitalization could be considered as a tool to achieve sustainable development and improve citizens’ lives 

by providing benefits when it brings forth useful solutions (Schaffers, Ratti, & Komninos, 2012). 

In last years, digital transformation is gaining huge popularity both in practice and academia, and many 

papers have been published in this area (Hoberg, Krcmar, & Welz, 2017). But what does the term digital 

transformation stand for? Building on many definitions that can be found in the literature, we can 

understand digital transformation as an appliance of digital technology to change important business 
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elements such as business models, strategy, business processes, organizational structures, and 

organizational culture (Erjavec et al., 2018).  

These elements were also built on the study of different organizations and organized under three key areas: 

customer experience, operational processes, and business models (Westerman et al., 2011). Within each 

of the three areas or pillars, as the authors defined them, nine different elements are elaborated, and these 

elements present a set of building blocks for digital transformation. 

 
Figure 3: Building blocks of the digital transformation 

Source: Westerman et al., 2011 

Moreover, digital transformation is a growing disruption that drives changes in society and business and 

opens new markets (Parviainen et al., 2017). It is also important on the side of the customers as it adds new 

value to consumer perspective putting them in the center of the current economy (Potts et al., 2008), which 

was also recognized by Gartner, world-leading technology research and advisory company. 
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Figure 4: Hype Cycle for Emerging Technologies 2020 

Source: Gartner, 2021 

 

Through important technologies, digital transformation is also affecting changes in business models as well 

as it paves the way for the creation of new and innovative business ecosystems. And, what is even more 

important, is it shifts the mindsets of the organizations and their employees and customers (Kane et al., 

2015). To this matter, learners will be familiarized with the current trends and emerging technologies, such 

as the Internet of Thins, Artificial Intelligence, 5G, Blockchain, Quantum computing, and similar.  

The popularity of digital transformation can be explained from several perspectives. For example, CIOs and 

IT departments’ roles in enterprises have lately gained great importance and IT experts, frequently titled 

Chief Digital Officers, are regularly recruited as members of the organization's boards (Manfreda & Indihar 

Štemberger, 2018). Nevertheless, organizations should tackle digital transformation carefully as not every 

business needs to digitally transform. As opposed to innovative information technology, digital 

transformation also has a strong cultural effect as it unites different levels of employees under a common 

vision. Thus, executives, middle managers and low-level employees have a collective goal when changing 

the organization (Kane et al., 2015).   

However, organizations going through digital transformation face some real changes. Amongst them, the 

most significant is a decrease in transaction costs, instantaneous connectivity affecting attention, an 
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increase in the need for instant gratification, the ability to analyze customers’ processes and voluntariness 

and non-measurability of important employees’ activities (Tomat & Trkman, 2019). In addition, employees 

being the key organizations’ assets, it is of crucial importance that managers motivate them to take the 

changes to allow for healthy work culture.  Anyhow, the omnipresence of the internet driving the 

emergence of new business models and approaches, the cost of the transaction has been reduced and the 

marginal costs of additional customers are at the lowest level ever (DaSilva & Trkman, 2014). Also, the way 

of communication has changed. In the past, only one-way communication was possible (e.g. television 

addressing customers), while now organizations communicate with their users and/or customers in both 

ways enabling users to co-create the content as a part of the organization. With this regard, the use of 

mobile phones has also gained great importance as companies are using them as selling and promotion 

channels.  

The next important change that drives the digital transformation is the fact that people’s attention spans 

became limited on smart devices, Internet of Things platforms and prompt and constant connectivity. This 

is being exploited by the companies that design the addiction of customers using digital technology (e.g. 

smartphones and tablets). Similarly, popularity and addiction to smartphones drive the need for “instant 

gratification” stronger than ever (Ramirez Jr et al., 2008) (e.g. likes on Facebook, retweets on Twitter, etc.). 

The main idea is to make users addicted and attached to specific networks, get support from other 

members and provide them with instant and great satisfaction. Moreover, the use of digital technology 

empowers companies to precisely measure the customers’ activities to understand their processes and 

optimize interactions, improve customer orientation and in a long run make customers committed to 

specific brands (Trkman et al., 2015). Hence, digital transformation enables companies to understand their 

customers’ behaviors and preferences better and fully personalize their products and services to fit the 

customers’ needs. As opposed to measuring the customers’ activities, digital technology also enables 

organizations to measure employees’ activities and performance. However, it needs to be mentioned that 

while routine and predictable situations can be measured and automated using digital technology, an 

unmeasurable performance and personal touch are also very important. Thus, workers of “tomorrow” will 

need to be creative and perform emotional tasks, while computers will perform operational labour. For 

now, machines, computers and AI perform well-defined activities that can be automated, while humans’ 

skills are infallible, where the personal, emotional and “human” touch is needed.  

Given the above, digital transformation is a complex process. Thus, organizations need to motivate their 

employees to truly believe in the benefits of change and readiness for change plays a crucial role. Despite 

all new technologies (social media, cloud computing, business analytics, etc.), organizations need to shift 

their mindsets and be open to innovations and changes in their business models if they want to be 

competitive in a dynamic environment and rapidly changing world. To succeed in digital transformation, 
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they should also exploit the possibilities enabled by new technologies (i.e. social media) and engage with 

customers to allow for their constant growth. (Drury, 2008).  

Digital transformation also brings huge challenges to the organization. If there is a lack of vision, ineffective 

leadership, insufficient experiences or poor motivation of the employees, digital transformation will be 

unsuccessful, which can greatly harm the organization. Often, such change represents an institutional 

challenge, so the whole culture of the organization should be changed. Thus, a combination of digital and 

business skills is needed to maximize the benefits when going through a major organizational and cultural 

change. To be efficacious, organizations need to digitize customers’ processes and exploit opportunities 

offered by the internet and its technologies to reach and engage with customers by increasing their value 

proposition and putting them at the center of their business (Berman, 2012). In this manner, business 

process management is of great importance as it conjoins agility, innovations and interactions between 

elements of the business ecosystem to assure effective communication, information sharing and 

collaboration with customers and partners of the organizations. Anyhow, effective business process 

management is a prerequisite for successful organizational change and digital transformation as it 

addresses changing business, progresses organizational operations, decreases the complexity of 

employees’ collaboration and advances the customer experience.  

Digital technology developments can effectively assure changes in organizations and can transform 

business- models by proposing a new digital business logic. A comparison between traditional and new 

digital business logic is seen in Figure 2. 

 
Figure 5: Digital transformation: before and now 

Source: Little, 2015 

Given the above, organizations need to understand the impact of digital technologies on business model 

innovation paving the path for new business models (such as sharing or circular economy) (Vaska et al., 
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2021). Current technologies represent opportunities (and also barriers) from a business model’s innovation 

perspective. For instance, organizational structure and culture play a crucial role in overcoming core 

rigidities to create new value from disruptive technologies (Lucas & Goh, 2009). Anyhow, digital 

transformation has impacted value creation, delivery, and capture, enabling firms to co-create value with 

customers through customized manufacturing extension of the existing portfolio of products and services 

and the creation of new value through digital platforms and ecosystems. Thus, the adoption of new enabling 

technologies allows firms to reduce uncertainty in decision-making and capture value from improved 

customer intimacy and superior service (Vaska et al., 2021). 

 

3 - CONCLUSION 

Even though organizations continually transform, they should carefully examine the changes in their 

industry, among their stakeholders and in their environment to take advantage of opportunities offered by 

digital transformation. To succeed, organizations need to follow an “ambidextrous” approach and tackle 

digital transformation strategically (establishing common goal and vision among their employees) with 

sufficient technical and business skills, while they build a joint consensus among management and 

employees to foster needed changes and gain short- and long-term benefits. When going through digital 

transformation, organizations need to use an appropriate and effective approach. To achieve this, 

disruptive technology-based innovative business models should be applied to assure benefits for the 

organization enabling it to be competitive in the current dynamic environment.  
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HOURS 3 & 4: Smart mobility and the green future 
 

AUTHOR INFORMATION 

 

Author(s): Anton Manfreda, Kristina Nagode, Luka Tomat 

E-mail(s): anton.manfreda@ef.uni-lj.si, kristina.nagode@ef.uni-lj.si, luka.tomat@ef.uni-lj.si 

 

Teaching Objectives 

The aim is to introduce the smart mobility dimension of the smart city concept and present the 

relationship between a green future and smart mobility.  

 

Learning Outcomes  

In this lesson, learners will gain an understanding of: 

● smart mobility dimension of the smart city concept  

● the interplay between smart mobility and a green future 

● innovative business models and case studies. 

 

Prerequisite Knowledge, Skills, Attitudes 

 

No prerequisite knowledge is required. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Benevolo, C., Dameri, R. P., & D’auria, B. (2016). Smart mobility in a smart city. In Empowering 

organizations (pp. 13-28). Springer, Cham. 

● Clapp, C. (2018). Investing in a green future. Nature Clim Change, 8, 96–97. 

mailto:anton.manfreda@ef.uni-lj.si
mailto:kristina.nagode@ef.uni-lj.si
mailto:luka.tomat@ef.uni-lj.si
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● Shemyakina T.Y., Astafieva O.E., & Gorelova O. A. (2021) Scenarios of Smart Cities Creation as a 

Trend of Sustainable Development. In: Popkova, E. G., Sergi, B.S . (eds) "Smart Technologies" for 

Society, State and Economy. ISC 2020. Lecture Notes in Networks and Systems, vol 155. Springer, 

Cham. 

● El-Sherif, D. M. (2021). Urban mobility systems components. In: Vacca, J. R. (ed) Solving urban 

infrastructure problems using smart city technologies. Elsevier. 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

In this lesson, learners will gain an understanding of the smart mobility dimension of the smart city concept 

and its relation to sustainable development and a green future, since mobility and transportation play a 

crucial role in the development of cities around the world (Faria et al., 2017). Rapid population and 

urbanization of city environments in the past decades have brought along a full range of challenges related 

to mobility and transportation, namely traffic jams, overcrowding and air pollution.  

Some of these challenges can be solved by the proper use of smart technology like the Internet of Things 

(IoT) that enables sensing, computation, actuation, and communication between Internet-connected 

objects (Ashton, 2009), and therefore offer a possibility for developing innovative traffic and transportation 

infrastructure and furthermore enable the preservation of resources, improved efficiency, and accessibility 

to urban services. Ultimately, smart mobility leads to an improved quality of life, reduced costs, and more 

efficient energy usage in smart cities (Faria et al., 2017). 

The lesson will be enriched with case studies on innovative solutions in smart mobility applications around 

the world, such as digital public transit payment, predictive maintenance of transportation infrastructure, 

intelligent traffic signals, demand-based micro transit, smart parking, bike sharing, integrated modal 

information and real-time road navigation. We are going to connect all these challenges with thinking of 

new business models and services. 

 

2 – MAIN BODY 

A Smart City can be viewed as a large organic system (Nam & Pardo, 2011) connecting technology, 

government, and society to enable a smart economy, smart mobility, smart environment, smart people, 

smart living, and smart governance (IEEE, 2021). It is developed on a smart combination of characteristics 

and performs activities well with a forward-looking aim. Moreover, its citizens are self-decisive, 

independent, and aware (Giffinger & Haindlmaier, 2010). Smart mobility allows it to monitor and integrate 
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conditions of all its crucial infrastructures (such as roads, bridges, tunnels, rail/subways, airports, seaports, 

communications, water, power, and major buildings), better optimize its resources, plan its preventative 

maintenance activities, and monitor security aspects while maximizing services to its citizens (Harrison et 

al., 2010). 

Smart mobility systems include the fields of Intelligent Transportation Systems, Automotive Technology, 

Information and Communications Technology (ICT) and Embedded Systems. We are going to briefly 

introduce each of these. Intelligent transportation systems (ITS) are systems that are enhanced by the 

development of communication and sensor technologies, using smart sensing, communication, and 

computing techniques. They are characterized by using on-demand services (lower cost of transportation, 

ride-hailing/ride-sourcing), sharing of infrastructure (vehicle sharing, public transport), being autonomous 

(automatic traffic/vehicle control, smart parking system), and being environmentally friendly (electric 

vehicle, CO2 emission and fuel management) (Shit, 2020).  

ITS can collect distinct types of data from various sources with the use of ICT that helps optimize the 

operation of transportation and transit city services, resulting in a reduction of traffic congestion and traffic 

jams, reduction of accident rates, improvement of air quality, reduction of the urban footprint, etc. 

Moreover, it is a helpful tool to ensure the sustainable development of a city following the green future 

agenda, since transportation is known as one of the largest emitters of greenhouse gasses (GHG) (European 

Commission, 2021). Together with the technological aspect of technology diffusion, it is also important to 

understand the adoption of smart technology by its users. Most studies consider monetary incentives, 

however, participation of users can be possible even without it (Geske & Schumann, 2018) since factors 

such as contribution to grid stability, awareness of energy consumption, and satisfaction from gamification 

were also identified as important (Schmalfuß et al., 2015). 

Data collection components gather observable information from the transportation system, such as traffic 

flow, average travel time, number of passengers, etc. for a particular transit line, road section or point in 

time. Some examples of data collection in practice are the following: traffic data can be collected from 

traffic management systems, transport timetables from transport systems, crowd data from citizens, and 

sensor data from vehicles, traffic lights, parking lots, roads, etc. (Faria et al., 2017). Traditionally, data were 

collected using inductive loop detectors and pneumatic tubes, but they only collected basic information, 

such as traffic volume and spot speed. The disadvantage is also the high cost of their implementation and 

the impact on traffic during implementation, therefore they are becoming less popular and are exchanged 

for modern sensing and imaging technologies, video cameras and radio-frequency identification (RFID) 

scanners. They can collect additional information such as vehicle type, license plate, speed, traffic flow, 
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path choice, travel time, etc. (Sumalee & Ho, 2018). Besides data collection, it is essential for any ITS to 

perform data analysis and data/information transmission (Sumalee & Ho, 2018). 

Data analysis has also changed recently due to the increasing penetration of smartphones and advanced 

communication technologies, GPS data, media access control, Bluetooth and Wi-Fi components, and mobile 

phone data. These types of data are predominantly available at the individual level, giving information on 

traffic conditions and travel behavior. They can be tracked continuously and allow for a more detailed and 

behavioural-related analysis. Traditionally, data were evaluated with predefined models, such as 

equilibrium models, flow models and models for signalized intersection, while recently, micro-simulation 

and agent-based models were developed to fit the new types of data collected (Sumalee & Ho, 2018). 

The gathered data and/or information is transmitted to operation centers for evaluation and dissemination 

and management measures to individuals using transportation systems and infrastructures. Traditionally 

wires were used for the transmission of data/information, while nowadays optical fibers and wireless 

networks (4G/5G, Wi-Fi) with could platforms are in use. Information and management strategies used to 

be disseminated using traffic signs and radio. Nowadays, improved communication technologies allow for 

dissemination through mobile applications and in-vehicle information (Sumalee & Ho, 2018). 

After a brief introduction, students will be asked to write their associations regarding what Smart Mobility 

is in practice. After a few minutes, we will read their answers and sort them into the main areas of interest 

within Smart Mobility: Driving Safety, Smart Lighting Systems, Sharing and Urban Mobility, Electric Mobility, 

Green Mobility and Smart Payment Systems also presented in Figure 1 (Faria et al., 2017). After the exercise, 

a few case studies will be presented. 

 

 

 
Figure 1: Smart mobility main areas 
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Source: Faria et al., 2017 

Most cities decide to focus first on mobility in implementing their smart initiatives, because of its massive 

impact on the quality of life and the productivity of the local economy. While developing new infrastructure, 

it is crucial to acknowledge the role and find out the needs of the citizens, as future users and therefore 

embed a citizen-friendly living environment. Taking this into account helps prevent unnecessary growth 

and development of undesirable or useless information and infrastructure, which would only overwhelm 

and upset citizens and negatively affect their quality of life (Olaverri-Monreal, 2016). Even though cities are 

most active in mobility, they are not implementing all the possible tools. We are going to look at some 

examples of different approaches to solving transportation challenges globally. 

Moscow as an example approached their transportation problem in 2011 when its roads had reached 

capacity, leading to some of the worst congestion in the world. In response, the government developed a 

comprehensive transportation plan based on data and complemented by an intelligent transportation 

system. They started monitoring traffic in real-time with the use of traffic cameras, road detectors and 

traffic lights, so that accidents and disruptions can be handled immediately. They also modernized its 

subway and bus system and changed parking policies, which increased the average travel speed. Based on 

data collected on how passengers get on and off buses and where routes slow down, they also added new 

routes based on the needs of the citizens.  

The citizens no longer had to change lines in their commute, which improved their passenger experience. 

To ensure passenger safety they installed a smart television system in the metro system that helped detect 

unusual crowds and abandoned items, detect criminals, provide real time information about arrivals, etc. 

As a result, the citizens of Moscow have shifted away from driving to taking public transit. The city includes 

the citizens in development and planning of smart mobility system and collects their suggestions and 

complaints through social media and other channels. Further on, they have developed a transportation app 

to help people plan routes, pay for parking, and find bike rentals. They are a leader in smart mobility 

implementation and are developing up to this time (McKinsey & Company, 2018). 

Another successful implementation of inter-modal transportation can be seen in Helsinki, where they use 

a smartphone app “Whim”, that allows users to enter a destination, find the fastest route there by any 

combination of transportation modes (public transit, city bikes, e-scooters, ferries, taxis, car rentals), and 

pay for the trip in one transaction. In London for example, riders can even pay the transport without a 

ticket, only using digital payment methods, such as paying with distinctive cards, mobile phones, or within 

a mobile app (McKinsey & Company, 2018). 

As mentioned before, cities are not implementing all the possible tools in implementing smart mobility 

practices. In used cases, we could see their use of digital public transit payment, predictive maintenance of 
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transportation infrastructure, intelligent traffic signals, demand-based micro transit, smart parking, bike 

sharing, car sharing, integrated modal information and real-time road navigation. But there are also some 

other possibilities, including the use of autonomous vehicles, congestion pricing, e-hailing (private and 

pooled), parcel load pooling and smart parcel lockers (McKinsey & Company, 2018).  

3 - CONCLUSION 

Mobility undoubtedly has a massive impact on the sustainable and green future considering its impact on 

the social and natural environment in cities as well as on the productivity of the local economy. The main 

challenges related to traditional transportation and transit systems are trying to be solved by the 

implementation of the new, digital technologies covered by the term smart mobility, but are still partly 

unsolved. It is also essential to acknowledge the citizens’ role in the planning and implementation process, 

to prevent useless or undesirable information and the development of infrastructure. To successfully 

complete the implementation process, innovative business models need to replace traditional ones, to 

adapt to changing needs. Nowadays the core of all activities is the data that needs to be collected, analyzed, 

and transmitted, while the new information gathered must be disseminated.  
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HOURS 5 & 6: Towards a smart society 
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Teaching Objectives 

The aim is to introduce the concept of a smart city and community, its applications, and its impact on the 

environment.  

 

Learning Outcomes  

In this lesson, learners will: 

● gain an understanding of the concept of a smart city and smart community 

● be able to assess the advantages and disadvantages of implementing smart city initiatives 

● be able to evaluate the difference between smart and traditional cities 

● be able to assess future trends related to smart cities 

● gain an understanding of the user adoption of the concept  

 

Prerequisite Knowledge, Skills, Attitudes 
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There are no prerequisites for attending the module. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Eremia, M., Toma, L., & Sanduleac, M. (2017). The smart city concept in the 21st century. Procedia 

Engineering, 181, 12–19. 

● Novotný, R., Kuchta, R., & Kadlec, J. (2014). Smart city concept, applications, and services. Journal 

of Telecommunications System & Management, 3(2), 1–5. 

● Meerow, S., Newell, J. P., & Stults, M. (2016). Defining urban resilience: A review. Landscape and 

Urban Planning, 147, 38–49. 

● Ribeiro, P. J. G., & Gonçalves, L. A. P. J. (2019). Urban resilience: A conceptual framework. 

Sustainable Cities and Society, 50. 

● Fakhimi, A. H., Khani, A. H., & Sardroud, J. M. (2021). Smart-city infrastructure components. In: 

Vacca, J. R. (eds) Solving urban infrastructure problems using smart city technologies. Elsevier. 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

The third hour of the course aims to introduce the key concept of smart city as a place where traditional 

networks and services are made more efficient with the use of digital and telecommunication technologies 

for the benefit of its inhabitants and business.  

In the past years, the world's population has been growing rapidly. As the population grows, so do the cities, 

populated by more and more highly educated and intellectually active citizens, establishing diverse 

personal networks (Deng et al., 2021). These actions are often associated with the phenomenon called 

urbanization, which can either help us in the light of the future or lead us into disappointing path problems 

(Wikowska et al., 2019). Smart cities, which stem from rapid urbanization, appeared as a possible solution 

to sustainability problems.  

The concept of a smart city goes beyond as it also involves smaller municipalities and towns. Given the 

popularity of the concept, there are a number of initiatives by place to transform places into smart habitats. 

As a result, many places are self-flagged as smart, as there is no single system for assessing the maturity of 

the places. Yet there hasn’t been a unified index that measures the level of its smartness. Although the 

smart city concept is becoming popular, it is hard to identify what smartness means as there are numerous 



 

22 
 

definitions of a smart city. On the other hand, urban resilience is a measurable ability of any urban system, 

with its inhabitants, to maintain continuity through all shocks and stresses, while positively adapting and 

transforming towards sustainability (Mariani, 2018). Thus, smart-city initiatives can enhance the resiliency 

of (peripheral) urban areas and promote integrated metropolitan governance by targeting actions toward 

various interventions (de Falco et al., 2019). 

To this matter, we’ll dive into key elements of smart city concept from various perspectives, putting special 

emphasis on the technological aspect of a modern, resilient city during the following hour.  

 

2 – MAIN BODY 

The concept of a smart city is based on the use of information and communication technology, which 

enables the digitalization of urban living, and covers many areas such as smart mobility, smart living, smart 

environment, smart citizens, smart government, smart economics, smart architecture, and smart 

technology (Ismagilova et al., 2019).  To achieve this, smart city characteristics need to be considered. The 

following figure illustrates the main characteristics of a modern city and its tools, available for both the 

municipality and citizens, striving towards the new smart city nexus. 

 

 
Figure 1: Characteristics and tools used to define the smart city. 

Source: Eremia et al., 2016 

The technological aspects of smart cities have already been researched in recent years (Gil-Garcia et al., 

2014); however, smart cities are also presenting significant challenges related to the implementation and 

proper use of technology; and therefore, the focus on aspects such as citizens, quality of life, personal 

preferences, privacy, and sustainability is equally important. For example, the availability of data that can 

be automatically collected in urban areas creates new opportunities not only for managing public 
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information services and resources but also for understanding and designing these services. With the 

popularization of the concept of smart cities, information services are also radically changing, with limited 

research on the design and impact of these new services.  

A smart city is a mixture of city infrastructure and technology in order to create a clean and energy-efficient 

habitation with fast and easy access to various services. The smart city typically uses the ICT to create a 

two-way communication between the inhabitants and the government gathering huge amounts of data 

enabling the creation of collective intelligence which can be deployed for resource optimization with the 

help of analytics and deep learning (Khare, 2017). The role of ICT plays a key role to allow cities 

competitiveness, physical infrastructure, the natural environment, and public administration.  

ICT has the great potential to address the city governance challenges and thereby improve quality of life for 

inhabitants. City officials must understand the needs of citizens and businesses to ensure they are 

effectively meeting them. They must educate and form stakeholders about effective technologies. They 

also need to be aware of the attitudinal and organizational change needed to make the most of e-

government (Mukesh Kumar, 2013). Therefore, understanding the drivers of technology adoption is 

important for policymakers and technology providers to successfully disseminate the smart city concept 

(Daziano et al., 2017). Anyhow, Smart cities are associated with technology that can improve the lives of 

citizens by providing the core for future services.  

Digital-city concepts provide new ways for governments, municipal authorities, and private sector 

companies to build more efficient infrastructure and services and can be applied to various systems and 

areas. Thus, a smart city concept can be applied to planning and management of a city, ensuring public 

safety (e.g. through the traffic sensory systems it can deliver relevant data to the emergency departments), 

smarter buildings and urban planning (e.g. implementation of control systems to measure, sense and assess 

the conditions of the buildings prolonging the durability and lowering the maintenance and energy cost), 

as well as it improves government efficiency and agencies administration. Also, it can be applied to HR 

supporting human services support, social programs, health (e.g., healthcare analytics can offer valuable 

clinical insights of the patients in the real-time) and education (e.g. cloud computing, online schooling or 

blended learning).  

Furthermore, from infrastructural perspective a smart city concept can be applied in energy and water 

sector (e.g. predicting and satisfying the demand based on real time data) striving to achieve environmental 

impact by improving performances of the systems diminishing negative effects on the environment (e.g. 

cutting the emissions in the urban areas through intelligent transportation systems that enables more 

secure and efficient transportation). However, all these applications significantly improve citizens’ health 

status by reducing e.g. carbon dioxide, stress and car road accidents (Mukesh Kumar, 2013). 
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Given the above, smart cities, along with other modern technological considerations (such as IoT, 

Connected society, Industry 4.0, Big data analytics etc.) can significantly support urban resilience. Often, 

governments and city stakeholders do not have a clear understanding of the urban risk and resilience 

conditions and trends, which has undermined their ability to understand and manage available risk 

reduction and risk management options (Khazai et al., 2015). Hence, urban resilience is all about how a city 

manages its day-to-day operations, how cities maintain their infrastructure, how cities 

collaborate/communicate across departments and functions and how multi-stakeholder decisions are 

taken.  

Advances in digital technologies are increasingly transforming the way cities are operated and managed 

and smart city systems implementations can provide operational improvement and enhanced intelligence. 

Local governments leverage their open data, smart city and digital governance teams to collaborate with 

local civic tech communities in crises and digital technologies, especially with data analytics, have 

transformed the services and the relationship between governments and their stakeholder.  

The concept of urban resilience is thoroughly researched in academia and implemented in practice, 

however, it can be argued that there exist four basic pillars of urban resilience: resisting, recovering, 

adapting and transforming. Accordingly, the concept of urban resilience can be implemented through a 

conceptual tool, where a resilient urban system will always have to be evaluated for its ability to resist, 

maintain, recover, adapt or transform in the face of a series of disturbances, whose impacts tend to create 

instability in the system's equilibrium (Ribeiro & Gonçalves, 2019). 

The main challenge of a smart city about urban resilience is to ensure that socio-technically integrated 

smart actions promote access to urban space and society in meaningful and sustainable ways. In other 

words, there is a need to concertedly address how smart urbanism can spur resiliency to address the 

conditions across the smart metropolises through the creation of new centralities and the reconnection of 

marginalized urban space into new material and social urban constellations (de Falco et al., 2019). 
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Figure 2: Urban resilience: conceptualization, dimensions, characteristics, challenges and opportunities 

Source: Ribeiro & Gonçalves, 2019 

Anyhow, rapid urbanization around the world has given rise to overriding business solutions to challenges 

of a nowadays city (e.g. overcrowding, slums and squatter, water and sanitation, health access and delivery, 

safety and violence against women and children). Cities around the world are desperate for innovative 

methods to solve these urban challenges. Thus, smart city, e-governance and data-driven decision can assist 

in procuring data on citizens that helps with administration and information. The data can benefit planning 

urban environments and provide early warning and advice on disaster and recovery issues on a city-wide 

scale. As part of the urban resilience strategies, smart cities can impact disaster mitigation, preparedness, 

response, and recovery and technology and the change of the city perspective can provide real life benefits 

by application of e.g. smart water, smart construction, smart energy and smart health (Ghosh, 2019).  

While technology shouldn’t be the core driver of a smart city initiative, it can enable intra-connectivity and 

data management that can drive smarter decision making. But what are the challenges prior to building 

effective and resilient smart cities and organizations? Definitely, integrating technology organizations and 

citizens’ homes is a costly and time-consuming process. For example, Cisco has closed many of their existing 

smart city programmes. Another issue is the digital gap between various habitats. I.e., on one hand, there 
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is fast and reliable 5G infrastructure that enables rapid development of smart cities supporting the urban 

resilience, however, many inhabitants still don’t have the stable internet connection. Furthermore, as long 

as there have been smart city solutions available, there have been concerns of over-surveillance, of new 

and oppressive ways for the state to police their communities. Thus, one of the great challenges of the 21st 

century is being able to find an opportunity for smart environmental planning, understanding the 

complexity it may represent and approaching it from different aspects—digital transformation, smart cities, 

and urban resilience. 

 

3 – CONCLUSION 

It is needless to say that the conceptual evolution of urban resilience and smart cities varies according to 

the historical moment we live in, together with political needs. Thus, it is important to understand the 

concept and basic principles of smart cities in order to enhance city functions and upkeep economic growth 

while also improving the quality of life for inhabitants by using smart technologies and exploiting 

opportunities offered by real time data analysis as it can support and improve the urban planning processes 

ensuring better resilience of the cities and wider areas.  
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HOURS 7 & 8: Managerial implications 
 

AUTHOR INFORMATION 

 

Author(s): Anton Manfreda, Luka Tomat, Kristina Nagode 

E-mail(s): anton.manfreda@ef.uni-lj.si, luka.tomat@ef.uni-lj.si, kristina.nagode@ef.uni-lj.si     

 

Teaching Objectives 

The aim is to introduce the concept of Business intelligence and Analytics and driving forces of 

organizational change to foster governance and policy preparations toward a green future. 

 

Learning Outcomes  

In this lesson, learners will gain an understanding of: 

● the concept of business intelligence and analytics 

https://yourstory.com/mystory/7bef870e3e-role-of-technology-in/amp
https://yourstory.com/mystory/7bef870e3e-role-of-technology-in/amp
mailto:anton.manfreda@ef.uni-lj.si
mailto:luka.tomat@ef.uni-lj.si
mailto:kristina.nagode@ef.uni-lj.si
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● the concept of change management 

● governance frameworks. 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite knowledge is required. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● By, R. T. (2005). Organisational change management: A critical review. Journal of change 

management, 5(4), 369–380. 

● Saqib, M., Qudah, E. Z. T., Hamad, B. M. I., & Al Ghassani, K. S. A. (2018). Systematic & Synthesized 

Critical Literature of Big Data, Business Intelligence-Analytics & Smart Cities to the Current Era. The 

Journal of Social Sciences Research, 139–146. 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

Nowadays, Business Intelligence and Analytics (BI&A) represents one of the key factors of modern 

economies and is widely used both in science and in practice. Since the first mention of the BI&A concept 

(Abbasi et al., 2016) many different definitions can be found in the literature while the most frequently 

used has been proposed by Anjariny & Zeki (2013) describing BI&A as a set of various techniques and tools 

for critically analyzing the companies’ data to assure better decision-making process. Thus, BI&A is a 

powerful enabler of digital transformation before, during & “after.” While BI helps organizations prepare, 

plan, and build a business case for digital transformation as well as track its progress, its true value comes 

after process digitization (Mixon, 2020).  

However, through digital transformation the use of BI&A is highly related to change management, as 

technology has always been changing the way the businesses have been operating. Thus, organizations 

need to continuously innovate, and organizational change plays a central role in literally all innovation 

processes.  

To assure green future through smart mobility and other smart parts of the modern cities, it is important 

to understand sustainable development approaches in relation to relevant policies that foster an 

appropriate allocation of cities resources between maintenance, consumption, and investments in 
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applicable smart solutions (O’Looney, 2001). Hence, proper governance sets developmental boundaries 

and identifies decision making processes. Management is then about making those decisions and here BI&A 

plays a crucial role.  Based on those decisions, policy development process can be initiated providing 

relevant policies and governance framework for assuring the long-term development goals.  

Within this course, learners will learn the basic principles of BI&A as well as they will gain insights into the 

main pillars of organizational change and change management in order to understand the decision-making 

mechanism to support effective management and governance of a smart city development thorough 

prominent policy creation. 

 

2 – MAIN BODY 

Lately, much attention has been paid to the development of BI&A methods and tools, both in the real sector 

and in academia. It has quickly become part of everyday business life and is considered a widespread 

practice that relies on large amounts of data and supports informed decision making in companies. It is 

driven by the emergence of new high-performance computing, innovative analytical services, newly 

developed business intelligence tools, and other high-tech technologies that have emerged in recent years 

(Saggi & Jain, 2018). From the historical perspective, the beginnings of BI&A go back to the eighties in the 

last century. Since then, the field has developed rapidly, mainly due to the development of artificial 

intelligence and advanced algorithms that exploit the large amounts of data (Chen, 2012).  

Meanwhile, industry and science proposed numerous new methods that could be classified as data-driven 

and process-driven in terms of data access and data use. On this basis, Sharda et al. (2013) identified eight 

main areas of BI&A usage in the industry, namely data infrastructure, data warehouse middleware, data 

aggregation, analytical software development, analytical application development, analytical user 

organizations, academic providers/certification bodies, and analysts and influencers. BI&A can be used in 

many areas of smart cities, such as healthcare (clinical decision support systems, disease analytics, human 

resource management, personalized medicine, public health, etc.) and the public sector (process 

optimization, risk management, new service delivery, decision making, etc.) (Sagiroglu, 2013).  

Creating a smart city depends on how well the organizations can share and analyze the data. The ability to 

share key information in real-time is key for all businesses and organizations to develop the applications 

that support automation and the software solutions that form the ‘smart’ infrastructure. In that context, 

we can conclude that open data is one of the main axes of the new paradigm of governance and necessary 

to make the best use of data available in cities (Zigurat, 2022). 
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Figure 1: Smart city analytics 

Source: Zigurat, 2022 

BI&A supports effective decision-making for governance and policy preparation for cities to effectively go 

through the process of digital transformation. Hence, organizations need to change in order to digitally 

transform. It is clear that change affects all organizations and the changes in the current dynamic business 

environments are greater than have ever been. Thus, the change should be carefully managed to succeed 

(By, 2005). Similarly, as for digital transformation, also change management has been widely defined in the 

literature and many interpretations have been offered. In summary, change management can be defined 

as ‘the process of continually renewing an organization's direction, structure, and capabilities to serve the 

ever-changing needs of external and internal customers’ (Moran and Brightman, 2001).  

Organizations can follow the four principles of change management: understand change, plan change, 

implement change, and communicate change. To understand change it needs to define the key objectives 

of the change, determine benefits for the organization and understand the impact the change has on the 

employees, especially in the terms of how it will affect the way that employees perform their work. To 

implement the change effectively, organizations need to plan it thoroughly. Thus, several change 

management models can be applied, such as Kurt Lewin’s change management model, Kotter’s 8-Step 

Change Model, ADKAR model, The McKinsey 7-S Model or General Electric’s Change Acceleration Process 

Model (Galli, 2018).  
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Last but not least, the intended change needs to be carefully communicated among the organization so 

everyone clearly understands what needs to be done and why. However, employees play a vital role in 

changing an organization going through seven phases of change: shock and surprise, denial and refusal, 

rational understanding, emotional acceptance, exercising and learning, realization, and integration 

(Recklies, 2001).  

Also, the roles of the people involved in the change process, are of utter importance and organizations 

should carefully select the change manager as he can facilitate assessments, create a change management 

strategy and develop change management plans. When a change in the organization is successfully 

implemented it brings several benefits, i.e. it enhances institutional best practices, projects the organization 

as progressive, forward-looking and proactive, ensures quality service delivery, earns the institution public 

goodwill and support, creates an enabling work environment and increases employee morale, attitudes and 

effectiveness.  

 
Figure 2: Organizational change management 

Source: IT delivery, 2022 

Smart city projects have been evolved around the world for the latest years. The continuous growth of 

population in the cities and the complexity of city management are driving local governments towards the 

use of technologies to support quality living in urban areas and providing better services to the public. Smart 
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cities are intended to relate high technology to green future and well-being of citizens. To this matter, a 

bottom-up development path based on six different aspects can be used. 

 
Figure 3: Bottom-Up Development Path of Smart city 

Source: Sagib et al., 2018 

As seen from the figure, governance is the top dimension of smart cities. It relies on open (i.e. transparent), 

accountable, collaborative (i.e. involving all stakeholders) and participatory (i.e. citizens' participation) 

principles and on advanced technologies and innovation. Smart governance is an essential prerequisite for 

developing smart, creative, innovative, and sustainable cities of the future. Several initiatives and policy 

framework approaches can be used within specific smart city development; however, the diversity of a city 

contexts, challenges, risks, and implementation goals clearly demands contextualized smart city policy 

creation frameworks (Lopes, 2017).  

Learners will be introduced to different initiatives and existing policies for smart city developments. They 

will also learn how a policy creation process in a smart city initiative should be implemented. Public policy 

preparation involves actions taken by public officials and public institutions to meet the challenges of real-

world issues. Several policy making models exist; however, this course will offer learners an understanding 

of the most relevant models. Hence, learners will learn about Lasswell’s policy making model and apply it 

to the practical case of a smart city. Lasswell’s policy making model contains six steps, which are presented 

in the following figure. 
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Figure 4: Lasswell’s policy-making model 

Source: Lasswell, 1971 

 

Learners will also learn about policy-making process in modern smart cities principles, i.e about inclusion 

of the relevant stakeholders, increasing innovation and investments through various tools and approaches, 

developing the next generation technologies, interoperability and scalability of intelligent systems, 

promoting voluntary, open participation, industry-led, consensus-based global standards and best 

practices, etc.  

Thus, this course will emphasize the importance of sustainability policies and programs needed to recognize 

the importance of smart cities to future sustainability and growth. For example, innovations in intelligent 

transportation systems and information and communications technology offer ways to make 

transportation systems more efficient, less costly, and more environmentally friendly (Itic, 2022). 

3 – CONCLUSION 

Today, city development acts in an increasingly complex environment, that requires organizations to be 

more adaptive. This increases the value of BI&A for decision makers and enables them to make better and 

quicker decisions (Öberg & Öhman, 2020). Thus, BI&A is becoming a reality for change management 

approaches in smart cities enabling organizations to successfully implement the fundamental principles of 

change for achieving sustainable development of the green future agenda. This can be achieved through 

applications of appropriate policy making processes and their implementation that is efficiently governed 

to offer economic and environmental sustainability and better quality of life through evidence-based policy 

decision-making (Mills et al., 2021). 
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MODULE #3: ENERGY-RELATED SMART GRIDS 

HOUR 1: Overview of the Course & Introduction of Electrical Grid          
AUTHOR INFORMATION 

 

Author(s): Aleš Groznik, Bor Krizmanič 

E-mail(s): ales.groznik@ef.uni-lj.si, bor.krizmanic@ef.uni-lj.si  

 

Teaching Objectives 

The aim is to introduce the Module 3 (objectives, expected outcomes, instructors etc.). Next objective is 

to acquaint the participants with the basics of the operation of the electrical network and its elements. 

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to: 

● Understand general concepts of the power grid, 

● List main components and technologies regarding traditional power grids, 

● Explain the basic value chain and business model 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required; however, learners are advised to read; 

● The teaching note which is available on the project website. 

● Supplementary materials given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Sorebo, G. N., & Echols, M. C. (2011). Smart grid security: an end-to-end view of security in the new 

electrical grid. CRC Press. Chapter 1, 1.1. Definition: Traditional Power Grid 

● Kaplan, S. M. (2009, April). Electric power transmission: background and policy issues. Library of 

Congress, Congressional Research Service. 

● Bryant, S. T., Straker, K., & Wrigley, C. (2018). The typologies of power: Energy utility business 

models in an increasingly renewable sector. Journal of Cleaner Production, 195, 1032–1046. 

● The Copper Development Association Inc. (n.d.). Grid Infrastructure. Retrieved from 

https://www.copper.org/environment/sustainable-energy/grid-infrastructure/ 

mailto:ales.groznik@ef.uni-lj.si
mailto:bor.krizmanic@ef.uni-lj.si
https://www.copper.org/environment/sustainable-energy/grid-infrastructure/
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LECTURE NOTES 

 

1 – INTRODUCTION 

PART 1 (5 min) 

General information about the Module will be given. 

Brief introduction of lecturers and informal discussion with participants to learn about and understand their 

background and knowledge of the overall module topics. 

Learners will be informed about the module subjects of 8 hours. 

1. Overview of the Course & Introduction of Electrical Grid - 1 h 

2. Currant Energy Usage, Renewable Energy Sources and Smart Grid - 1 h 

3. Smart Meter and Prosumers - 1 h 

4. Introduction of Renewable Energy Sources into a Grid & Photovoltaics Example - 1 h 

5. E-Mobility, Electric Vehicles & Battery Technologies - 1 h 

6. Smart Changing - 1 h 

7. Finale Group Work Project - 2 h 

Learners will be informed about the module’s expected learning outcomes 

Upon successful completion of this course, learners will be able to: 

1. Explain the concept of smart grids. 

2. Identify and critically evaluate green energy initiatives related to transportation and mobility. 

3. Compare and explain current and future trends in energy supply and consumption. 

4. Identify and analyze the main challenges of future energy-related urban planning. 

PART 2 (10 min) 

Initial (pre) testing of learner’s knowledge on the topic of the module. 

Pre-post evaluation 

questions Module 3.docx
 

PART 3 – WHY IS TOPIC OF THIS MODULE IMPORTANT? (5 min) 

The modern world depends on electricity. It is an important resource, especially in urban areas, providing 

public utilities such as safety, security, and health. We use electricity at home and in businesses to run 

appliances, computers, electronics, and machines. In addition, electricity is becoming increasingly 

important in modern transportation. 
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The infrastructure that makes this possible, an electrical grid, is one of the most important human 

inventions. Today's electrical grid was designed more than 100 years ago. Electricity generation was 

localized and built near communities. At that time, electricity demand was simple and compared to today's 

consumption was low. The traditional electricity grid is designed to deliver electricity to consumers and bill 

them monthly. The limited one-way interaction makes it difficult for the grid to respond to the ever-

changing and increasing energy demands of the 21st century. Therefore, much investment has been made 

in recent years to develop and research a more suitable grid – smart grids.  In order to understand smart 

grids, which are the focus of our model, we must first understand the traditional (current) electrical grid. 

 

2 – MAIN BODY 

PART 1 – ELECTRICAL GRID (15 min) 

What is the electrical grid? 

An electrical grid, also known as the power grid, is an interconnected network for electricity delivery from 

producers to consumers. In its essence, it is a mechanism to deliver electricity from generation plants to 

homes and businesses that use the electricity, leveraging long-distance transmission lines that eventually 

user power to local distribution grids that step-down electricity to a voltage that is usable (Sorebo & Echols, 

2011). 

The main components of the electrical grid are: 

● Generating plants, also known as power plants or stations produce electricity using either 

combustible fuels such as coal, natural gas, and biomass or noncombustible energy sources such as 

wind, solar energy, and nuclear fuel. Nowadays, they are usually located near energy sources and 

away from densely populated areas. 

● Electrical substations to set the voltage to the needed level. Electric power normally flows through 

several substations at different voltage levels between generating plants and the final consumer. 

Components called transformers are used to transfer electrical power from one electrical circuit to 

another circuit (with different transmission voltage levels) 

● Electric power transmission to carry power long distances. Transmission lines carry electricity from 

the power plant to demand centers. The higher the voltage of a transmission line the more power 

it can carry. 

● Electric power distribution network is used to deliver electric power to individual customers. A step-

down transformer is used to reduce the voltage so the power can use distribution lines for final 

delivery (Kaplan, 2009). 

https://en.wikipedia.org/wiki/Electricity_delivery
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Figure 1: High level scheme of electrical grid 

Source: The Copper Development Association Inc., n.d. 

 

Along the electric power transmission and distribution network, sensors, switches, capacitor banks, and 

reclosers use manual and automated controls to properly route the electricity and protect against harm 

and outages. In particular, special protection systems or remedial action schemes are in place to ensure 

that disruptions in one part of the electrical grid do not cascade to affect the rest of the grid (Sorebo & 

Echols, 2011). SCADA (Supervisory control and data acquisition) systems are used to control processes of 

electric power delivery on the grid. 

Power grids vary in size and can cover entire countries or continents. The network is normally synchronous, 

so all distribution areas operate on synchronized three-phase alternating current (AC) frequency. This 

allows for the transmission of AC electricity throughout the region, connecting a large number of generators 

and consumers of electric power. For example, in Continental Europe, electrical grids are connected into a 

largest synchronous electrical grid in the world Continental Synchronous Area or synchronous grid of 

Continental Europe. It interconnects the grid in 24 countries, including most of the European Union. In 

North America, including USA and Canada, there are two major interconnections (Western and Eastern 

Interconnection) and three minor interconnections (Texas, Alaska and Quebec Interconnection). 

https://en.wikipedia.org/wiki/Western_Interconnection
https://en.wikipedia.org/wiki/Eastern_Interconnection
https://en.wikipedia.org/wiki/Eastern_Interconnection
https://en.wikipedia.org/wiki/Eastern_Interconnection
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PART 2 – VALUE CHAIN AND BUSINESS MODEL  

End electric power consumers (households, communities, businesses, and other organizations) recover 

costs through the charging of rates. These rates are a reflection of the areas of the energy ‘value chain’ in 

which the energy utility operates, and traditionally have involved recovering the cost for generating, 

transmitting, distributing and selling electricity, gas and heat to end-consumers (Wilson et al., 2008). 

 
Figure 2: The traditional energy utility value chain 

Source: Richter, 2013 

 

Flow of information and problems with peaks 

As mentioned at the beginning traditional electricity grids are designed to deliver electricity to consumers 

and bill them on the monthly bases. There is little or no direct exchange of information between the subject 

at the beginning of the electricity supply chain and the consumer. As we will see later in the course, smart 

grids attempt to solve this problem. 

 

While supply and demand are a fundamental concept in virtually every other industry, it is one with which 

the current electricity grid has great difficulty with it because, as mentioned earlier, electricity must be 

consumed at the moment it is generated. Without the ability to determine demand accurately and 

precisely, at any given time, having the "right" supply available to deal with every contingency is 

problematic at best. This is particularly true during episodes of peak demand, i.e. the times when electricity 

demand is highest in a particular period. 

 

 

 

3 – CONCLUSION  

This module aims to introduce core concepts of the smart power grids. The module will be carried out for 

8 hours, in 7-time units separated by breaks. 

First, we have to understand the basic concept of the traditional electrical grid. 

● The electrical grid is critical to providing electricity to consumers and thus enables our modern way 

of life. It consists of four main components: generating plants, electrical substations, electric power 

transmission and distribution network. 

● Most grids are interconnected to form synchronous electrical grids. 
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● With traditional grids, it is difficult to accurately determine demand and balance supply and 

demand. 

In the next lesson, we will look at current power generation and consumption and how this affects power 

grids. 
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HOUR 2: Current Energy Usage, Renewable Energy Sources and Smart Grid 
 

AUTHOR INFORMATION 

 

Author(s): Aleš Groznik, Bor Krizmanič 

E-mail(s): ales.groznik@ef.uni-lj.si, bor.krizmanic@ef.uni-lj.si  

 

Teaching Objectives 

The aim is to introduce: 

● overview of current energy sources and consumption. 

● overview of smart grids concept 

 

https://copper.org/environment/sustainable-energy/grid-infrastructure/
mailto:ales.groznik@ef.uni-lj.si
mailto:bor.krizmanic@ef.uni-lj.si
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Learning Outcomes  

Upon successful completion of this hour, learners will be able to: 

● List and differentiate between different energy sources 

● Know approximate ratios in the use of different energy sources 

● Explain problems with renewable energy sources 

● Explain the concept of smart grids. 

 

Prerequisite Knowledge, Skills, Attitudes 

Attendance at the first lesson of module 3. No other prerequisite knowledge is needed. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Sorebo, G. N., & Echols, M. C. (2011). Smart grid security: an end-to-end view of security in the new 

electrical grid. CRC Press - Chapter 1, 1.1. Definition: Traditional Power Grid 

 

LECTURE NOTES 

 

1 – INTRODUCTION: 

A Kahoot quiz to look at what we learned in the previous lesson (1. and 2. questions) and test knowledge 

of the topic of the second lesson (3. and 4. questions): 

1. Q: What are the main components of the electrical grid? 

A: Power or generating plants, electrical substations, transmission network, distribution 

network, consumers. 

2. Q: What is the number one problem for current power grids on a daily basis? 

A: Problems with peaks. 

3. Q: In your opinion, which renewable energy source is currently the most important in global 

electricity generation? 

A: Hydropower energy 

4. Q: In your opinion, what is the main problem of renewable energy sources to ensure the stable 

operation of the electricity grid? 

A: Unstable electricity production pattern. 

Short discussion about results of the quiz. 

2 – MAIN BODY 

CURRENT ENERGY CONSUMPTION & ELECTRICITY PRODUCTION 
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To begin with, let's look at the most established energy sources now. What are these (learners give their 

suggestions)? Traditional sources of energy are: 

• solid fuels- fossil fuels covering various types of coals and solid products derived from coals. 

• crude oil 

• natural gas 

• nuclear energy 

• hydropower energy (renewable energy) 

 

Short discussion: Is nuclear energy a renewable source of energy? � Climate change: EU moves to label 

nuclear and gas as sustainable despite internal row (source: https://www.bbc.com/news/world-europe-

60229199).  

Fossil fuel problems: 

- Non-renewable energy 

- Greenhouse Gas Emissions (GHG) strengthen the greenhouse effect which causing climate change. 

o Carbon dioxide (CO2), nitrous oxide (N2O), methane, three groups of fluorinated 

gases (sulfur hexafluoride (SF6), hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs) 

are most important GHG. 

o Focus on CO₂ emissions 

- Pollution is harmful to humans and the environment. 

 

Let’s look at global energy consumption by source, shown in Figure 1. Consumption of energy is rapidly 

growing, especially since the mid-20th century. Most of the energy used globally comes from fossil fuels: 

coal, oil, and gas. 

https://www.bbc.com/news/world-europe-60229199
https://www.bbc.com/news/world-europe-60229199
https://en.wikipedia.org/wiki/Greenhouse_effect
https://en.wikipedia.org/wiki/Climate_change
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Methane
https://en.wikipedia.org/wiki/Fluorinated_gases
https://en.wikipedia.org/wiki/Fluorinated_gases
https://en.wikipedia.org/wiki/Sulfur_hexafluoride
https://en.wikipedia.org/wiki/Hydrofluorocarbons
https://en.wikipedia.org/wiki/Perfluorocarbons
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Figure 3: Global primary energy consumption by source 

 Source: Ritchie & Roser, 2022a 

 

If we compare global energy consumption by source (Figure 1) and energy production in the EU seen in 

Figure 2, we see that the EU has a much higher share of energy from renewable sources and nuclear energy 

compared to the world. “Renewable energy (34 % of total EU energy production) was the largest 

contributing source to energy production in the EU in 2018. However, the production of energy is very 

different from one Member State to another. The significance of nuclear energy is particularly high in France 

(78 % of total national energy production), Belgium (65 %) and Slovakia (63 %). Renewable energy is the 

main source of energy produced in a number of Member States, with over 90 % (of the energy produced 

within the country) in Malta, Latvia, Cyprus, Portugal and Lithuania. Solid fuels have the highest importance 

in Poland (78 %), Estonia (74 %), Greece (57 %) and Czechia (55 %), while natural gas is the main source of 

energy produced in the Netherlands (76 %). Crude oil is the major source of energy produced in Denmark 

(41 %).” (Eurostat, 2020). 
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Figure 4: Share of EU energy production by source, 2018 

 Source: Eurostat, 2020 

 

ELECTRICITY PRODUCTION 

In recent years, it has become clear that electricity will play a key role in the energy transition to a clean 

energy future electricity is a so-called secondary energy source. In a power grid, power stations use 

different primary sources of energy in order to generate electricity. In Figure 3, we can see global electricity 

production by source. We can see that coal and gas are the largest sources of energy in electricity 

production. If we use fossil fuels as the primary source of energy for electricity production, we will of course 

not make progress. 
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Figure 5: Global electricity production by source, World  

Source: Ritchie & Roser, 2022b 

 

RENEWABLE ENERGY SOURCES 

Climate change and the risks associated with it will require technology and social change in all areas of our 

lives in the future. (Allen et al., 2018), including the transition from fossil fuels to renewable energy sources 

(RES) (Stikvoort, Bartusch, & Juslin, 2020). Renewable energy as defined by Lund (2009) is: “an energy that 

is produced by natural resources—such as sunlight, wind, rain, waves, tides, and geothermal heat—that are 

naturally replenished within a time span of a few years”(p.?). 

 

Renewable energy sources as defined by Eurostat are: 

- “Biogases: gases composed principally of methane and carbon dioxide produced by anaerobic 

fermentation of biomass, or by thermal processes. It includes landfill gas; sewage sludge gas; other 

biogases from anaerobic digestion; biogases from thermal processes. 

- Liquid biofuels are liquid fuels from a non-fossil biological origin and a renewable energy source, 

to be distinguished from fossil fuels. Biofuels can be split up into four categories: biogasoline, 

biodiesel, bio jet kerosene (aviation fuel) and other liquid biofuels. 
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- Renewable waste: a portion of waste produced by households, industry, hospitals, and the tertiary 

sector which is biological material collected by local authorities and incinerated at specific 

installations. 

- Hydropower: the electricity generated from the potential and kinetic energy of water in 

hydroelectric plants (the electricity generated in pumped storage plants is not included). 

- Geothermal energy: the energy available as heat from within the earth’s crust, usually in the form 

of hot water or steam. 

- Wind energy: the kinetic energy of wind converted into electricity in wind turbines. 

- Solar energy: solar radiation exploited for solar heat (hot water) and electricity production. 

- Tide, wave, ocean: mechanical energy derived from tidal movement, wave motion or ocean current 

and exploited for electricity generation.” (Eurostat, 2020). 

 

European Union has set ambitious goals for energy production from renewables. Therefore, the EU’s 

renewable energy directive states that by 2030 share of energy from renewable energy sources will have 

to rich 32% (European Commission, 2021). Achieving these goals requires major changes in infrastructure 

as well as a change in people's behaviour and habits. 

 

SMART GRID 

The power grid has to accommodate both rising electricity consumption as well as incorporate an increasing 

number of renewable energy sources. To manage a large quantity of such reassures in the system requires 

a large investment in new ICT devices and a more flexible power distribution mechanism (Botelho, et al., 

2021). Coping with challenging trends requires an increasingly complex electrical power system. In recent 

years, the new concept of so-called "smart power grids" has emerged which is a concept covering “the 

integration of hardware, software, computer monitoring and control technologies, and modern 

communications networks into an electricity grid.” The smart grid will enable emery consumers to consume 

promptly based on different information which could also include the price of energy at a given moment 

(Shabanzadeh & Moghaddam, 2013). 

Driver factors of emerging smart grid range from environmental reasons to a more operational and the one 

connected with system reliability (Figure 6).  
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Figure 6: Driver factors of emerging smart grid  

Source: Moshari, Yousefi, Ebrahimi & Haghbin, 2010 

 

A smart grid is a network that can cost-effectively integrate the characteristics and activities of all users 

connected to it - producers, customers and users that are both. The aim is to ensure a sustainable and cost-

effective energy grid system with low-loss and high level of quality and security of supply. Smart grids are 

a set of technologies, services, and concepts - from advanced metering and smart meters to adapting 

electricity consumption, active grids, electromobility and energy storage (Agencija za energijo, 2021). In 

order to achieve this, communication and exchange of information in all directions is crucial. Thus, 

compared to the traditional power grid, future smart grids will allow information to flow in both directions 

of the chain - from production to the consumer, and vice versa. Comparison of traditional power system 

environment and the smart grid environment is shown in Figure 5. Also, the future network will include 

some new elements or actors. The boundaries between producers and consumers will be erased. 
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Figure 7: Power and information flow in the traditional power system environment and the smart grid 

environment  

Source: Moshari, Yousefi, Ebrahimi & Haghbin, 2010 
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HOUR 3: Smart Meter and Prosumers 
 

AUTHOR INFORMATION 

 

Author(s): Aleš Groznik, Bor Krizmanič  

E-mail(s): ales.groznik@ef.uni-lj.si, bor.krizmanic@ef.uni-lj.si  

 

Teaching Objectives 

The aim is to introduce: 

● overview of smart meter device and smart metering concept 

● concept of prosumer 

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to: 

● Know what smart meter is 

● Explain the concept of smart metering 

● Explain the concept of prosumer 

 

Prerequisite Knowledge, Skills, Attitudes 

Attendance at the first two lesson of module 3. No other prerequisite knowledge is needed. 

 

Reading Materials 

The teaching notes are available on the project website.  

 

LECTURE NOTES 

1 – INTRODUCTION 

WARM-UP: SMART GRID INTERACTIVE TOOL 

In order for learners to better understand the concept of a smart grid and the difference with a traditional 

grid, each learner will learn individually through an online interactive simulation. The tool was developed 

by Joint Research Centre (JRC) »to explain to the general public what a smart grid is and what the expected 

challenges and benefits of achieving a smart grid are«. 

 

mailto:ales.groznik@ef.uni-lj.si
mailto:bor.krizmanic@ef.uni-lj.si
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Figure 8: Smart grid interactive tool screenshot  

Source: https://ses.jrc.ec.europa.eu/smart-grid-interactive-tool-non-flash 

* The tool was developed in 2018; therefore, it contains some references from that time (e.g. “At least 80% 

of consumers will be equipped with smart meters (by 2022).” 

Instructions: 

● Visit: https://ses.jrc.ec.europa.eu/smart-grid-interactive-tool-non-flash 

● Click through the simulation and read the explanations, but don't focus on the descriptions of the 

JRC action. 

● You have 10 minutes. 

● In the end, there is a short discussion if the learners find something particularly interesting or if 

they have discovered something new for them. 

 

2 – MAIN BODY 

SMART METERS AND SMART METERING 

https://ses.jrc.ec.europa.eu/smart-grid-interactive-tool-non-flash
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A crucial part of a modern smart grid is the so-called advanced metering infrastructure (AMI) which is “an 

integrated system of smart meters, data management systems and communication networks that enable 

two-way communication between the utilities and the customers” (Aggarwal & Kumar, 2021). A smart meter 

is a crucial technology to enable an active consumer and key component of future power grid.  Installation 

of the smart meter in households will enable dynamic pricing and a two-way flow of electricity between 

homes (or microgrids) and the larger grid (Molina-Markham, et al., 2010). 

A smart meter is an electronic device which primarily records electric energy consumption (e.g., power 

consumption). It can also collect data on electric current, voltage levels, and power factor. Information from 

smart meters can help consumers to get better clarity of electricity consumption and regulate it according 

to the different factors (price, aggregated consumption, …). The data is also communicated to electricity 

suppliers for system monitoring and customer billing. 

 

 

 
Figure 9: Smart energy meter Iskra Energy meter WM3x6  

Source: Iskra, 2022 

 

A smart meter has two key elements, which can be physically separated or integrated. The first one is the 

meter itself which has mainly metrology functionalities. The second element is a gateway for 

communication or also known as local network access point (LNAP) which is needed for communication 

with the network (Alaton & Tounquet, 2020). 

https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Public_utility
https://en.wikipedia.org/wiki/Public_utility
https://www.iskra.eu/en/Smart-energy-meters/energy-meter-WM3/
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Smart meters are very important for modern grids because they enable two-way communication between 

the meter and the monitoring systems. Another, very important functionality of smart meter is the fact that 

it records energy in almost real-time. As we will see latter, the smart meter is a key for smart metering. For 

smart decisions you need time relevant and accurate data. 

According to Directorate-General for Energy of European Commission, a cost installing a smart meter in the 

EU is between €180 and €200, on average. Nonetheless, calculated savings provided by smart meters €270 

per metering point, which are divided among different parts of the value chain (distribution system 

operators, suppliers, consumers etc.). Based on the EU study, installation of metering point result in average 

energy saving of at least 2% and as high as 10%. Therefore, it is not a surprise that in  recent years there is 

a significant push form greed operators and countries for quick and broad smart meters deployments. In 

the EU, according to the study from 2019 showed that “close to 225 million smart meters for electricity and 

51 million for gas will be rolled out in the EU by 2024. This represents a potential investment of €47 billion.” 

With this level of investment, it is expected that almost 77% of European consumers will have a smart meter 

for electricity by 2024 (European Commission- Directorate-General for Energy, 2022). 

SMART METERING 

Smart meters enable implementation of smart metering, and trough that smart meter returns above 

mentioned financial benefits. Smart metering can reduce business losses and control energy consumption, 

in real or near real time. It can also detect energy theft, improve grid reliability and lead to better revenue 

and tariff management. The latter is especially important field for introduction of smaller (i.e. household) 

producers of electricity into the grid, as it can introduce innovative tariff structures and dispatches accurate 

bills based on meter data. It will encourage consumers to change their behaviour and optimize energy 

consumption, even to generate electricity on their own premises and feed it back into the grid. Therefore, 

smart metering architecture is crucial in realizing the goal of a smart grid (Kaur, 2021). 

 

PROSUMERS 

PART 1  

Short discussion: What does it mean to be prosumer? 

PART 2  

An important recent trend related to the smart grid is greater consumer involvement and initiative. This is 

enabled by new technologies such as the smart meters and other ICTs mentioned above, as well as by 

encouraging consumers to produce their own electricity (Botelho, et al., 2021). It is very important for the 

grid that consumers become more active in order to increase the efficiency and resilience of the system, 

while integrating a growing number of smaller producers of electricity from renewable sources. According 

to the European Commission, an active (energy) customer is "means a customer or a group of jointly acting 
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customers who consume, store or sell electricity generated on their premises, including through 

aggregators, or participate in demand response or energy efficiency schemes provided that these activities 

do not constitute their primary commercial or professional activity" (Directive 2019/944). Therefore, in 

recent years, different concepts of active energy consumers have been discussed, the most common among 

them being prosumers. The word "prosumer" is a combination of the two words "producer" and 

"consumer". Prosumer is defined by Eureletric as "a customer who produces electricity primarily for his 

own needs but can also sell the excess electricity" (Eureletric, 2015). When describing prosumers, two 

approaches are usually mentioned. One is the description of consumers who are virtually completely self-

sufficient in electricity with their own production. Such an approach is only realistic and useful in remote 

areas where connectivity to the power grid is poor, unstable, or non-existent. In the broader context of the 

power grid, this approach is almost negligible. The second approach describes a consumer that is connected 

to the grid and draws electricity from its own production and from the grid. In such a case, consumers 

typically purchase electricity from renewable energy sources (e.g., rooftop solar power plants). Since 

electricity production from RES is volatile, such prosumers produce more electricity than they need 

themselves (surplus) at certain times but are not self-sufficient at other times and need electricity from the 

grid. Such a form of prosumers assumes that surplus electricity is fed into the grid and that the prosumers 

are somehow compensated for it. The concept of an active energy customer also assumes that these users 

also store electricity. In this way, prosumers could be offered some grid support services (e.g., help with 

voltage and power maintenance) (Parag & Sovacool, 2016). 

Figure 10 shows example of basic prosumer business model including renewable electricity generation – 

usually wind or PV – installed behind the meter.  
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Figure 10: Basic prosumer business model archetype  

Source: Brown, Hall, & Davis, 2019 

As mentioned above, consumers are compensated for their input into the power grid. To this end, various 

regulations are in force. Among them, at least in Europe, the most common type of support is the feed-in 

tariff (FIT), which charges prosumers a price above the market price for generators of RES with long-term 

contracts. Because RES electricity generation fluctuates, the amount of electricity fed into the grid by 

consumers is also largely volatile. This can cause problems for a larger number of sub distributions of the 

grid. As a result, many countries with larger numbers of prosumers are already beginning to phase out FI 

systems. One such example is Germany, where the FIT scheme has been replaced by a simpler self-

consumption scheme (Botelho, et al., 2021). In general, there is increasing pressure on the secondary sector 

not to become more profitable and not to rely so much on government incentives. The construction of 

smaller power plants RES is financially incentivized in most auctions. This pressure encourages the 
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development of new business models (e.g., leasing the roof to a larger PV power plant owner) and new 

concepts (e.g., using batteries for short-term electricity storage) (Murdock, et al., 2018).  

 

3 –  CONCLUSION 

Selected learners will be asked to tell in a few sentences what they have learned so far (during the first 

3 hours). Other learners can participate. The instructor helps in listing and describing the topics. 
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HOUR 4: Introduction of Renewable Energy Sources into a Grid & Photovoltaics 

Example 

 

AUTHOR INFORMATION 

 

Author(s): Aleš Groznik, Bor Krizmanič 

E-mail(s): ales.groznik@ef.uni-lj.si, bor.krizmanic@ef.uni-lj.si  

 

Teaching Objectives 

The aim is to introduce: 

● overview of concept of solar photovoltaic (PV) system 

● overview of challenges with PV grid integration 

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to: 

● Discuss problems with renewable energy sources 

● Explain the grid-tied solar PV system 

● Understand duck curve problem 

 

Prerequisite Knowledge, Skills, Attitudes 

https://www.iskra.eu/en/Smart-energy-meters/energy-meter-WM3/
https://www.iskra.eu/en/Smart-energy-meters/energy-meter-WM3/
https://ses.jrc.ec.europa.eu/smart-grid-interactive-tool-non-flash
mailto:ales.groznik@ef.uni-lj.si
mailto:bor.krizmanic@ef.uni-lj.si
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Attendance at the previous lessons of module 3. No other prerequisite knowledge is needed. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course. 

● California independent system operator. (2016). What the duck curve tells us about managing a 

green grid. Available on: 

https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf (Accessed 

20 January 2022). 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

A Kahoot quiz to look at what we learned in the previous lesson. 

 

1. Which RES has the largest share on a global level? Sort them. 

• solar energy 

• natural gas 

• wind energy 

• hydro energy 

• nuclear energy 

 

2. Discussion: Do any of the learners already have experience with their own electricity production? 

If there is a prosumer among us, let him say something about his own experience. 

 

2 – MAIN BODY 

PROBLEMS WITH RENEWABLE ENERGY SOURCES 

In recent years, it has become clear that electricity will play a key role in the energy transition to a clean 

energy future. However, renewable energy sources are difficult to integrate into the power grid because 

their generation patterns are inherently volatile. In addition to the volatility itself, it is very problematic and 

difficult to predict short-term fluctuations within the day. As it is very difficult to predict the share of solar 

or wind energy, it is also very hard to plan the operation of the network on this basis. There are great 

differences in terms of geographical and climatic characteristics. Thus, e.g. the wind in one area is very 

https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
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steady and easily predictable, but not in another area. In addition, there can be very large fluctuations in 

the production of energy from renewable energy sources during the year because of the seasons. 

All this brings certain challenges. The aim of the power grid is to match electricity demand and to provide 

enough energy at any given moment. It is very difficult to ensure this on a daily basis, especially with a large 

share of renewable energy sources. 

Now we will take a closer look at the production of electricity from solar energy and wind, which are among 

the renewable energy sources most common forms of obtaining energy among prosumers. Hydro energy 

is of course very important; however, individuals find it very difficult to invest in this source of electricity 

generation, since these are very large investments that are usually the exclusive domain of the state and 

large institutional investors. 

PHOTOVOLTAICS 

A solar photovoltaic (PV) system on rooftops is by far the most common method for energy consumers to 

become prosumers.  To put it simply, PV convert light into electricity. For commercial applications of PV, 

solar panel or photo-voltaic (PV) modules are mostly used. PV conversion efficiency is the percentage of 

incident solar energy that is converted to electricity. The efficiencies of today's PV are not excessively high, 

since the percentage of incident solar energy that is converted to electricity in most commercial panels is 

between 15% and 20%. Modern researchers are hoping to produce panels with an efficiency of close to 

50% (Center for Sustainable Systems, University of Michigan, 2021). 

PV systems can be independent and not connected to the grid (e.g. off-grid systems) or connected to the 

grid (e.g. grid-tied systems). Off-grid PV systems are much simpler but do not have a lower utility value for 

the average consumer. They are more suitable for specific use in remote areas where there is no connection 

to the grid. Therefore, modern prosumers are using systems connected to the grid, as they can offload 

excessive electricity to the grid. Let’s look at an example of a grid-tied solar PV system in Figure 1. 
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Figure 11: A grid-tied solar PV system  

Source: Solar Panels Plus, 2014. 

Figure 1 shows five key components in a PV prosumer system: 

1. PV panels produce electricity when sunlight strikes the solar array. PVs produces direct current 

(DC). 

2. Solar inverter converts from DC to alternating current (AC) so the electricity will be compatible for 

use in the home. 

3. The AC power is then fed into house’s service panel, which enable electricity to be supplied to 

various loads (e.g. TV, lights, refrigerator etc.). 

4. The Surplus of electracy int the house is fed into the grid through utility meter (smart meter). 

5. The surplus is finally fed to the power grid and the prosumer can be compensated (based on the 

data form smart meter).(Solar Panels Plus, 2014). 
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INTRODUCTION OF PHOTOVOLTAICS INTO THE GRID 

Opening question: What specifically can be problematic for the power grid with solar energy? 

The production of electricity from the sunlight is inherent uneven. The production depends on the multiple 

geographical factors, described below. 

Figure 2 shows an example of generating electricity from solar panels. On a daily basis, electricity generation 

from PV naturally varies greatly, since electricity can only be produced during daylight hours. In principle, 

PV light production peaks around noon, but at night the pore water drops to zero. In addition to the change 

of day and night, production is also affected by the weather. The latter is problematic because of its 

unpredictability (van den Akker et al., 2012). 

 

 
Figure 12: Typical daily power production profile from solar panels  

Source: van den Akker et al., 2012. 

In addition to intraday fluctuations in electricity production, there are also fluctuations on an annual basis. 

In principle, more energy can be produced in summer than in winter. The latitude of the panel's location 

affects how big the fluctuation between seasons is. The closer the location is to the equator (lower latitude), 

the more uniform the electricity production.  

In Figure 3 we can see a graph of annual electricity production from solar energy in Great Britain. 
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Figure 13: Generate electricity from PV over a 12-month period in Great Britain, for 4 years  

Source: Exeo Energy Ltd., 2022. 

As we can see, the production of electricity from solar energy fluctuates considerably and depends on many 

factors. However, since the consumption of electricity does not take into account all these factors, and does 

not follow the production of PV electricity, it is difficult to ensure regulation of electricity consumption on 

the grid with PV electricity.  

PROBLEMS WITH LARGE SHARE OF PV: CALIFORNIA 

PART 1  

Now we will look at a short case study of problems related to PV. The American state of California has very 

good conditions to produce electricity from PV because it has many sunny days. Due to this and the high 

level of development, in the last decade, a lot has been invested in the construction of solar panels. As we 

shall see, this has caused problems for electricity network operators. 

California independent system operator CAISO in 2016 issued a short document in which it described the 

problems it faces due to the large share of solar PV. 

Around 10 minutes: Learners (individually) quickly read the document 

https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf 

 

Then in the group try to answer on the following questions: 

● What does duck curve refers to? 

● What are is the main problem discussed in the paper? 

PART 2  

Groups present their answers. This is followed by short discussion about groups’ answers. 

https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
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PART 3  

Some talking points for discussion 

 
Figure 14: Duck curve  

Source: Roberts, 2016. 

 

● In California, the sunset is just before the evening peak of demand. This means that net load goes 

from very low to very high, very quickly and then down low again. 

● The net load curve no longer looks like gentle slope of a camel’s hump, but it now rising or falling 

much steeper, and it has more of a shape like a duck’s back. 

● This force power grid operators into more rapid and drastic actions, meaning they have to quickly 

power plants offline or online during the day. 

● These steep ramps of net load are very costly for grid operator. It also makes voltage and 

frequency management more difficult. To turn a plants off and on again highly polluting. 

● Duck curve means that California needs enough natural gas capacity to supply the evening peak. 

But it also means that for most of the midday, California do not need any gas capacity. (Roberts, 

2016) 
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HOUR 5: E-Mobility, Electric Vehicles & Battery Technologies 

 

AUTHOR INFORMATION 

 

Author(s): Aleš Groznik, Bor Krizmanič  

E-mail(s): ales.groznik@ef.uni-lj.si, bor.krizmanic@ef.uni-lj.si  

 

Teaching Objectives 

The aim is to introduce: 

● electro mobility trends, 
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● electric vehicle types, 

● overview of battery technologies in connection with electric vehicles 

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to: 

● understand difference between different types of electric vehicles 

● discus electro mobility trends 

 

Prerequisite Knowledge, Skills, Attitudes 

Attendance at the previous lessons of module 3. No other prerequisite knowledge is needed. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● ENTSO-E. (2021). ENTSO-E Position Paper: Electric Vehicle Integration into Power Grids. Available at: 

https://eepublicdownloads.entsoe.eu/clean-

documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integratio

n.pdf  

 

LECTURE NOTES 

 

1 – INTRODUCTION 

SHORT GROUP WORK 

Short task (in groups): Based on what we have learned in hour 4, propose“a "sm”rt" solution how to flatten 

the curve (shave the peaks).  

Discussion 

Some ideas, alternatives: 

● peak-oriented renewable resources (e.g. hydropower) 

● target energy efficiency to the hours when load ramps up sharply 

● energy storage in targeted locations (e.g. pumped-hydro energy facilities) 

● batteries (electric vehicles) 

● … 

 (Roberts, 2016). 

 

 

https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
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2 – MAIN BODY 

E-MOBILITY OVERVIEW 

The transport sector is one of the biggest polluters of greenhouse gases. With the development of 

technology (battery, charging station systems, etc.), the conditions for the use of electrics on a wider scale 

of mobility are created at the same time. With the electrification of mobility, there is an intertwining of 

mobility and energy. Electric vehicles are characterized as more environmentally friendly than those with 

internal combustion engines, but there are still concerns about their lifelong environmental footprint 

(manufacturing, battery degradation). In recent years, both legislators and the automotive industry have 

concluded that the electrification of mobility will be one of the keyways for a green transition. Electric 

vehicles (EVs), also known as a plug-in (hybrid) electric vehicles (P(h)EVs), do not pollute the local air and 

are therefore CO2 neutral. As a result, many countries have set very high goals for achieving the share of 

electric vehicles. (Santos, 2017). ENTSO-E defines electric vehicles as "road vehicles with an electric engine 

and battery which need to charge electricity from a power grid". Such vehicles can be pure electric vehicles 

(BEVs) or plug-in hybrid electric vehicles (PHEVs) (ENTSO-E, 2021). Unlike internal combustion engine 

vehicles (ICVs), EVs do not use an internal combustion engine for their propulsion needs. Figure 1 shows 

the definitions and differences among electric vehicles (ENTSO-E, 2021). 
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Figure 1: Definitions and differences among electric vehicles  

Source: ENTSO-E, 2021. 

 

ADOPTION OF ELECTRIC VEHICLES 

An individual Kahoot quiz & discussion 

1. Have you ever used an electric vehicle? 

● never 

● once 

● occasionally 

● use EV only 

2. Are you thinking of buying an electric vehicle? 

● yes 

● no 

3. How likely is it that your next car will be electric? 

(5-point Likert scale) 

Discussion: What are your biggest concerns about using EVs? 

ADOPTION OF EVs  

PART 2 

According to the European Automobile Manufacturers' Association (ACEA) in 2021 in 9.1% of new cars in 

the EU were battery electric and 19.6% were hybrid. It is worth noting that there were still most petrol new 

cars (40.0%). Figure 15 shows the share of new passenger cars by fuel type in the EU in 2021 (ACEA, 2022). 
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Figure 2: Share of new passenger cars by fuel type in the EU in 2021  

Source: ACEA, 2022. 

The number of EVs has been constantly growing in recent years, and at the same time, many studies predict 

an even greater increase in the share of EVs among all vehicles. One of the studies predicts that the global 

share of EVs among passenger cars will reach 30% by 2032 (Rietmann, Hügler & Lieven, 2020). Buyers' 

interest in EVs is also increasing. One of the surveys shows that as many as 51% of Europeans are thinking 

about buying an EV when they are going to buy their next car (EasyPark Group, 2021). As Figure 3 shows, 

hybrid electric vehicles (HEVs) were still the most popular among alternative fuel-type cars in Europe in 

2021 (ACEA, 2022). 
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Figure 3: New passenger car registrations in the EU by alternative fuel type  

Source: ACEA, 2022 

Directive 2014/94/EU commands all EU member states have to submit national policy frameworks for 

infrastructure for alternative fuels in the transport sector. For example, Slovenia has defined the best 

possible scenario for achieving commitments regarding transport on alternative fuels by 2030, which 

envisages 200,000 electric passenger vehicles (17% of all passenger vehicles). 

BATTERY TECHNOLOGIES 

Batteries are a key technology for electric vehicles. There are several battery technologies, each of which 

has its own characteristics that have a decisive influence on the possibility of their use. Usually, energy 

density efficiency, energy storage duration, battery aging, and production cost are mentioned as the main 

characteristics. The first limitation is the size and weight of the battery, so the energy density efficiency of 

the battery is very important. This describes how much energy the battery can store relative to its volume 

and weight. Compared to fossil fuels (e.g., oil), all batteries have relatively low energy density efficiency. 

Therefore, the lower range of EVs compared to internal combustion engine vehicles is still one of the main 

obstacles to the further diffusion of Evs. Currently, large amounts of money and other development 

resources are being invested in improving battery technology (Huber, Schaule, Jung & Weinhardt, 2019). 

The main battery types are lithium-ion batteries, lead-acid batteries, and molten salt batteries. Lithium-ion 

batteries are mainly used in Evs because they have the highest energy density. 

Another important factor in batteries is the aging rate, as batteries lose their energy storage properties 

through use and over time (Ritchie et al., 2001). For the life of an EV, the performance degradation of 
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batteries with the number of charging cycles is very problematic. Battery aging and the ability to store 

energy are strongly influenced by battery temperature. To ensure optimal conditions for charging and 

storing power, many Evs have built-in heat pump systems to control the temperature of the battery. 

 

3 – CONCLUSION  

Closing activities- Short discussion 

What did we learn in this lesson? 

● Electrification of mobility is a very important and current topic. We know several different types of 

vehicles powered by alternative fuels. 

● The number of Evs is steadily increasing. Predictions point to even faster diffusion. 

● One of the most important technologies for Evs are batteries. Numerus characteristics are 

important for batteries. The current battery problem in Evs is relatively low energy density 

efficiency and battery aging over time and use. 

Which type of alternative fuel cars do learners think is the most useful and would they have one? 

● Hybrid electric vehicle (HEV) 

● Plug-in hybrid electric vehicle (PHEV) 

● Pure electric vehicles (BEVs) or Evs 

● Fuel Cells Electric vehicle (FCEV) 
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HOUR 6: Smart Changing 
 

AUTHOR INFORMATION 

 

Author(s): Aleš Groznik, Bor Krizmanič 

E-mail(s): ales.groznik@ef.uni-lj.si, bor.krizmanic@ef.uni-lj.si  

 

Teaching Objectives 

The aim is to introduce the Module 3 (objectives, expected outcomes, instructors etc.). Next objective is 

to acquaint the participants with the basics of the operation of the electrical network and its elements. 

 

Learning Outcomes  

The aim is to introduce: 

● overview of charging technologies of EVs, 

● smart (coordinated) charging concept and differences with regards to uncoordinated charging, 

● different variations of smart charging (e.g. V2G), 

● overview of interplay of electromobility and RES. 

 

Prerequisite Knowledge, Skills, Attitudes 

Upon successful completion of this hour, learners will be able to: 

● Describe the main types of EV charging. 

● Explain smart charging concept. 

● Understand challenges of some smart charging projects' deployment. 

https://www.vox.com/2016/2/12/10970858/flattening-duck-curve-renewable-energy
https://www.acea.auto/files/20220202_PRPC-fuel_Q4-2021_FINAL.pdf
mailto:ales.groznik@ef.uni-lj.si
mailto:bor.krizmanic@ef.uni-lj.si
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Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● ENTSO-E. (2021). ENTSO-E Position Paper: Electric Vehicle Integration into Power Grids. Available 

at: https://eepublicdownloads.entsoe.eu/clean-

documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integr

ation.pdf  

 

LECTURE NOTES 

1 – INTRODUCTION: 

A Kahoot quiz about the knowledge on the topic of this hour: 

What do you think "smart charging" of electric vehicles means? 

● A charging system where the battery of an electric vehicle is charged in the shortest possible time 

with a constant maximum possible power. 

● A charging system where the electric vehicle does not need to be connected to a charging station. 

Charging is done wirelessly. 

● A charging system where the vehicle owner leaves control of the charging of the electric vehicle 

to the car manufacturer. 

● A charging system where, based on the sharing of data, the electric vehicle is charged at different 

speeds, according to different goals (lowest charging price, ensuring network stability, etc.). 

● Other (write what you have in mind under the answer to the last question of the quiz) 

 

EV CHARGING 

As shown in the previous lesson, the trend toward electrification of mobility is already underway and will 

continue in the future. At the same time, we cannot escape the impact of this trend on the electric grid. 

Let's recall what was said in the first lesson. The main components of the electric grid are generation 

facilities, the transmission system for transmitting electricity at high voltage (e.g., 110 kV, 220 kV, and 400 

kV), and the electric distribution system (e.g., 110 kV, 1-35 kV) for delivering electricity to individual 

customers. Electrical substations are used in the power grid to adjust the voltage between the different 

grids to the required level (Kaplan, 2009). The traditional utility value chain includes power generation, 

trading, transmission, distribution, retail, and sales (Richter, 2013). 

 

There is a variety of charging technologies for electric vehicles (Figure 1). Basically, a distinction is made 

between conductive, inductive, and battery-based charging technologies (ENTSO-E, 2021). By far the most 

https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
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widespread and currently the only realistic option for widespread use is conductive charging. Within this 

group, however, there's a subdivision into slower charging methods AC. The latter approaches are 

appropriate for home charging. Faster chargers use DC and higher power.

 
Figure 1:  EV charging technologies 

Source: ENTSO-E, 2021. 

 

The charging power of electric vehicles can vary widely, and the maximum charging power can be quite 

high. Therefore, regulators and industry need to establish certain standards that will allow for the controlled 

expansion of electric vehicle charging. Standards are important to ensure interoperability between 

different vehicles and charging stations. They are also important to ensure proper integration of charging 

stations into the electric grid. Some types and communication protocols have been flashed for the 

Connecotre. The connections are defined in the international standard IEC 62196. In Europe, also due to EU 

regulations, the type 2 plug is used, which has a specific shape of connection (a plug with five pins), allows 

different power and current and uses standardized communication (Directive 2014/94/EU). 

The widespread use of e-vehicles will undoubtedly have an impact on the performance of the power grid, 

at least on the distribution network closest to the consumer. In addition, it is important to consider the 

fundamental driver for the transition to electric mobility, which is the desire for greener mobility. To the 
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extent that we charge electric vehicles with electronics made from fossil fuels, we have done little for the 

environment. That's why the desire to also charge EVs with electricity comes from RES. 

SMART CHARGING 

An uncoordinated changing behavior of the privet EV user usually occurs in the evening hours. As we found 

in the previous studies, the peak load is already in the evening hours. Therefore, uncoordinated EV charging 

will exacerbate peak loads in the evening hours. For this reason, some form of coordination is needed from 

a power grid perspective. Smart charging (SC) is sometimes referred to as coordinated charging (Delmonte, 

Kinnear, Jenkins, & Skippon, 2020). One of the many definitions that define an intelligent charging system 

is "an information system that optimizes the charging process to achieve one or more goals while reaching 

a desired state of charge (SoC) within a specified time frame" (Huber, Schaule, Jung, & Winhart, 2019). In 

addition to the desired state of charge, other goals can be financial (e.g., based on electricity price), 

technical (e.g., aiming to reduce load curve peaks), or socio-environmental (e.g., using electricity from RES) 

(Sovacool, Axsen, &Kempton, 2017). One of the main features of smart charging is that it is monitored by 

an external control system (ENTSO-E, 2021).Figure 2 shows uncoordinated EV load. The graphs representing 

the case of Belgium clearly depict these effects, highlighting the impressive regulation capacity which can 

be offered by EVs (ENTSO-E, 2021). 

 
Figure 2: Uncoordinated EV load  

Source: ENTSO-E, 2021. 

An advanced form of smart charging with bidirectional energy flow capability is the vehicle-to-grid (V2G) 

concept (ENTSO-E, 2021). V2G seeks to harness the electricity storage capacity of batteries in EVs. This is 

done in such a way that the electric vehicle can draw power from the grid and charge the battery, and also 

release some of the power back into the grid when needed. In this way, EV can add flexibility to the grid 
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and make it more resilient. V2G can also help smooth the load of EVs and part of the total grid load, as 

shown in Figure 3 (ENTSO-E, 2021). 

 
Figure 3: Basic smart charging effect and V2G effect  
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Source: Elia Group. 

VEHICLE-TO-GRID (V2G) CHARGING: UTRECHT CASE 

The goal of this class is to show how EVs could be better integrated into the power grid (V2G). 

 

Let’s watch the video: Largest Vehicle-To-Grid Charging Project on The Planet-1080_2 

 

PART 1  

 
 

Group work 

 

PART 2  

Each group answers one of the questions. Research work is needed. 

 

1. Who should finance such projects (PV and V2G ecosystem)? 

2. Can the shown solution from Utrecht also be used to charge e-bus fleets that are vital for 

mobility? Regarding e-mobility, we almost always focus only on electric cars, what are the 

alternatives to enabling electric buses or trucks? 
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3. Mobility, energy, and urban planning are intertwined. Who (specifically) should plan and manage 

the development of a smart city? 

 

3 – CONCLUSION 

Selected learners will be asked to tell in a few sentences what they have learned during hours 4, 5 and 

6 of the modules (after last such task on the end of hour 3). Other learners can participate. The 

instructor helps in listing and describing the topics. 
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integration: a sociotechnical review and research agenda. Annual Review of Environment and 

Resources, 42, 377-406.  

 

HOURS 7 & 8: Final Group Work Project 

 

AUTHOR INFORMATION 

 

Author(s): Aleš Groznik, Bor Krizmanič 

E-mail(s): ales.groznik@ef.uni-lj.si, bor.krizmanic@ef.uni-lj.si  

 

Teaching Objectives 

The aim is to deepen the understanding of concepts from module 3. 

https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/Publications/Position%20papers%20and%20reports/210331_Electric_Vehicles_integration.pdf
mailto:ales.groznik@ef.uni-lj.si
mailto:bor.krizmanic@ef.uni-lj.si
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Learning Outcomes  

Upon successful completion of this hour, learners will be able to: 

● Understand trends in challenges of current and future power grids 

● Identify and critically evaluate green energy initiatives related to transportation and mobility. 

● Compare and explain current and future trends in energy supply and consumption. 

● Identify and analyze the main challenges of future energy-related urban planning. 

 

Prerequisite Knowledge, Skills, Attitudes 

Attendance at the previous lessons of module 3. No other prerequisite knowledge is needed. 

 

Reading Materials 

The teaching notes are available on the project website.  

 

 

 

LECTURE NOTES 

1 – INSTRUCTIONS 

The objective of the project is for learners to deepen their understanding of the concepts discussed in 

module 3 (power grid, RES, smart meters, EV, types of charging) through work on the project. 

 

The group chooses: 

• place (city) of their choice (it can be a hometown) 

• role: city authority, resident/consumer, performed by electricity, private investor 

• one of the technologies/concepts mentioned during the module: e.g. for prosumer PV panels, wind 

turbines, or any other RES, for EV owners’ smart charging. 

 

For the selected combination, the group prepare an overview of concrete options for introducing of 

selected technology: 

• Example of specific (chosen) technology (manufacturer, model, price). 

• Description of the options of implantation for selected technology 

• Installation options. Are there restrictions for connecting to the grid (e.g. DSO permission to 

connect PV or charging station)? 

• What are the incentives for investment? 

• What is the possible business model for the operation of this technology? 
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The idea is to be as practical and concrete as possible. 

Divide roles within the group to be more efficient: 
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2 – WORK 

Learners in the groups work on their projects. The atmosphere is relaxed, learners can leave the 

classroom. 

 

3 – PRESENTATIONS 

• Presentations of group projects 

• Discussion about proposals – assessment, grading (peer evaluation)? 

• Brainstorming about potential improvements 

• Grading. Learners get points for: 

• participation in group work, 

• presentation, 

• content (overall quality of assignment), 

• difficulty/depth of the assignment, 

• originality/criticality of the assignment, 

• participation in the discussion. 

 

4 – DEBRIEFING 

PART 1  

A short discussion about the topic of the module. 

 

Key concepts: 

- power grid, 

- electric vehicle (EV),  

- electromobility,  

- electric vehicle,  

- smart charging, 

- prosumer, 

- smart meter. 

 

Key challenges of power grid: 

- peaks in demand, 

- increase in consumption, 

- RES 
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PART 2  

Final (post) testing of learners’ knowledge on the topic of the module. 

Pre-post evaluation 

questions Module 3.docx 
 

 

MODULE #4: GREEN VEHICLES AND GREEN PUBLIC TRANSPORTATION 

NETWORK DESIGN                                

HOUR 1: Review of the current public transportation means (Examples from European 

Cities) 
 

AUTHOR INFORMATION 

 

Author(s): Zafer Yilmaz, Gizem Çelik 

E-mail(s): zafer.yilmaz@tedu.edu.tr,  gizem.celik@tedu.edu.tr 

 

Teaching Objectives 

The aim is to introduce current public transportation technologies, especially in Europe. In this hour, it is 

aimed to improve learners’ knowledge about current public transportation technologies (especially in 

European cities).  

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to: Explain current public transportation 

technologies. 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however, learners are advised to read; 

● The teaching note which is available on the project website. 

● Supplementary materials given in the next section.  

 

mailto:zafer.yilmaz@tedu.edu.tr
mailto:gizem.celik@tedu.edu.tr


 

84 
 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Papadopoulos, E., Aggelakakis, A., & Tromaras, A. (2018, September). The Future of the European 

Transport Sector: Identifying the Key Trends Regarding the Transport Concepts of the Future. In 

Proceedings of the International Conference on Traffic and Transport Engineering—ICTTE, 

Belgrade, Serbia (Vol. 27).  

● Doc. Ing.Marián Gogola, Doc. Mgr. Dana Sitanyiová, Ing. Ľubomír Černický, Ing. Milan Veterník, 

PhD., 2018, “NEW DEMAND PATTERNS FOR PUBLIC TRANSPORT DUE TO DEMOGRAPHIC CHANGE”, 

Working Paper 

● ALEKSANDER JAGIEŁŁO, Agnieszka Wojtach, Aldona Łuczak, 2018, “REPORT BENCHMARKS FOR THE 

CURRENT PUBLIC TRANSPORT SYSTEMS”, INNO BALTICA. 

● European Commission, Directorate-General Mobility and Transport, B-1049 Brussels, 2019, 

“Transport in the European Union Current Trends and Issues”. 

● EU COMMISSION, STATISTICAL POCETBOOK 2020, EU TRANSPORT in Figures. 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

General information about the Module will be given. 

Pre-Questionnaire will be applied in order to understand the learners’ knowledge of the module subjects. 

Learners will be informed about the module subjects of 8 hours.  

People continue to move to urban areas year by year. Thus, the populations of the cities increase every 

year and hence people need more transportation means in addition to private car usage. More vehicles in 

the traffic will cause more pollution due to CO2 emissions. In this hour of the module, first, public 

transportation concept will be explained. Next, passenger transportation in the EU will be focused including 

a comparative analysis with other countries of other continents. In the last section, some examples of public 

transportation will be introduced using the public transportation information of highly populated capitals 

such as Ankara, Berlin, and Paris. 

 

2 – MAIN BODY 

PART 1 – PUBLIC TRANSPORTATION CONCEPT 

Public transportation is “a system of vehicles (i.e. buses and trains) that operate at regular times on fixed 

routes and are used by the public”. The four basic goals of public transport operation include [3]: 

● providing access to education, employment, health, retail, and recreational facilities 
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● ensuring the possibility to travel for all inhabitants who cannot or are not willing to use private cars 

● providing travel compared to which the use of a private car is ineffective for economic, time-based 

or ecological reasons 

● being an actual alternative to private car usage. 

Public transport services can be rendered by the following: 

● road vehicles: bus, trolleybus, paratransit service, vanpool services; 

● rail vehicles: heavy rail, commuter rail, tram, underground; 

● vehicles using “other fixed guideways”: cable car, monorail, automated guideway transit; 

● water-borne vehicles: passenger-only and vehicle ferries, water taxis. 

All of these vehicles differ from each other in operational characteristics (see Table 1). Thereby, the majority 

of public transport systems in cities use more than one type of vehicle, which helps to achieve a synergy 

effect. The characteristics of public transport vehicles are also determined by the distance of travel they 

need to cover. Because of the distance or operational area, public transport can be divided into local 

(urban), regional, national, and international transport. 

 

 

 

 

 

Table 1. Operational features of selected public transport means [3] 

 
Source: Wyszomirski, O. (Ed.). (2010).  
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At present, 75% of the EU inhabitants are people living in cities. All cities which rank top from the 

perspective of the inhabitants’ quality of life treat public and non-motorised transport as a matter of priority 

and try to reduce the share of private vehicles in daily travels of their inhabitants. 

 

Every year, in the European Union nearly 60 billion travels are performed by means of public transport. It 

means that the average inhabitant of the EU performs ca. 150 travels by public transport annually. At the 

same time, only 19% of all Europeans claim they use public transport on a regular basis. According to 

research conducted in countries analysed in this report we can observe various trends in the volume of 

reported demand per capita for public transport services. In Poland and Denmark, the demand has been 

decreasing, whereas in Germany, Sweden, Lithuania, and Estonia it has been increasing.  

 

The mode of public transport most frequently used in Europe includes buses and trolleybuses (Figure 1). 

They are used by the EU inhabitants in ca. 56% of all travels by public transport. 

 

 
Figure 1. Local public transport journeys in the EU-28, broken down by mode 

Source: Statistics Brief. Local public transport in the European Union, UITP, 2016, p. 1. 

 

One of the key factors affecting the volume of reported demand for public transport services is their quality. 

The quality of public transport systems can be perceived by users from various perspectives, including [3]: 

● Availability (when and where transit service is available), and coverage (the portion of geographic 

area, or the portion of common destinations in a community, located within reasonable distance 

of transit service). 

● Frequency (how many trips are made each hour or day). 
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● Travel speed (absolute and relative to automobile travel). 

● Reliability (how frequently service follows published schedules). 

● Integration (ease of transferring within the transit system and with other travel modes). 

● Price structure and payment options. 

● User comfort and security, including riding on, walking to, and waiting for transit. 

● Accessibility (ease of ching transit stations and stops, particularly by walking). 

● Universal design (ability to accommodate diverse users including people with disabilities, baggage, 

inability to understand local languages, etc.). 

● Affordability (user costs relative to their income and other travel options). 

● Information (ease of obtaining information about transit services). 

● Aesthetics (appearance of transit vehicles, stations, waiting areas and documents). 

● Amenity (extra features and services that enhance user comfort and enjoyment). 

 

Despite activities implemented in the EU, (activities such as: providing funding especially through the 

European Structural and Investment funds, creating conditions for cooperation between key stakeholders 

for exchange of learnings and support, promoting the exchange of best practices for example through the 

ELTIS portal, conducting studies on specific topics) aiming at improving the quality of public transport 

services, some transport issues persist. The reasons for significant part of transport issues, particularly in 

cities, include: 

● Unrestricted individual behaviour collides with socially optimal behaviour. 

● There is a divergence between the immediate gratification of travellers and the larger long-range 

solution to transportation issues. 

● Transportation has major social, environmental, and other positive and negative side effects. 

However, many of these external costs are not reflected in the charges paid by users for 

transportation service. 

● The structure and distribution of transportation costs between users and nonusers (private sector, 

government, and society in general) vary greatly among modes. 

● Inadequate understanding of these complex problems in transportation, compounded by the 

strong pressures exerted by special-interest groups, are serious obstacles to solutions that would 

serve the public good. [3] 

The current public transport offer hardly meets customer expectations for easiness and attractiveness of 

regional and cross-border journeys, with scarce range of integrated ticket options for multimodal rides, 

difficult access to one-spot passenger information and no clear benefits for users when choosing the public 

transport over car. [3] 
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PART 2 - PASSENGER TRANSPORT 

In 2018, total passenger transport activities in the EU-27 by any motorised means of transport are estimated 

to amount to 5916 billion passenger-kilometres (pkm) or on average around 13251 km per person. This 

figure includes intra-EU air and sea transport but not transport activities between the EU and the rest of 

the world. Passenger cars accounted for 71.7 % of this total, powered two-wheelers for 1.8 %, buses and 

coaches for 8 %, railways for 6.9 % and trams and metros for 1.5 %. Intra-EU air and intra-EU maritime 

transport contributed for 9.6 % and 0.4 % respectively. [5] This passenger transportation in EU requires a 

wide range road, motorway and railway network which is greater than other important networks in the 

world.  The comparison of the networks is given in Figure 2.  

 

 
(1) Divided highways with four or more lanes (rural or urban interstate, freeways, expressways, arterial and collector) with full access control by 

the authorities. (2) Japan: national expressways. (3) United States: a sum of partly overlapping networks. (4) China: both oil and gas pipelines. 

Figure 2. Comparison EU-27 – world - Infrastructure  

The only network which is greater than the EU is the railway network in the USA. However, the USA has 

more passenger cars, buses than the EU (see Figure 3). 
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(1) United States: including light trucks/vans. (2) China: passenger-kilometres of highways including buses and coaches. (3) Japan: included in 

railway pkm. (4) 2017 figure. (5) Japan: 2016 value. (6) United States: Class I rail. (7) China: oil and gas pipelines. (8) United States: refers to 

coastal shipping. (9) China: both coastwise and inland waterway transport. 

Figure 3. Comparison EU-27 – World Passenger Transport  

 

When the performance of the EU is compared for the period between 1995 and 2018, it is realized that 

private cars are the leading type of transportation in the EU. Passenger cars have an important role in city 

transportation since people usually prefer to travel alone with their private cars. Hence, private cars cause 

traffic congestion, air pollution etc. That is why people are encouraged to use public transportation means.  

Air transportation, train services and bus-tram-metro transportation are commonly used ways of public 

transportation in the EU. Although market performance index for the three transport markets differs in the 

EU countries, none of the way are dominant.  

Bus and coach transportation is the second most common way of passenger transportation in the EU which 

is shown in Figure 4. Next, railway and air transportation come respectively. 
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Figure 4. EU-27 passenger transport performance BY MODE 

 

Although passenger cars cause many problems in city transportation, unfortunately the popularity of 

passenger cars increase from 1995 to 2018. Interestingly, despite the increase in passenger car transport, 

its share in overall passenger transportation decreases to 71.7 % in 2018 (see Figure 5). 
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Figure 5. EU-27 passenger transport modal split in %. 

In this module, focus of interest is public transportation on land. The rate of passenger cars is highest in 

Lithuania and lowest in CZ. It is Hungary which has the highest bus transportation rate [5].  

 

PART 3 - PUBLIC TRANSPORT IN ANKARA, BERLIN, PARIS 

The public transportation information of most crowded three cities from three different countries is given 

in this section. We select the capital cities of those countries to emphasize how the public transportations 

are in highly populated countries in Europe. The idea behind giving those examples from three capital cities 

is to inform the readers about; 

● huge public transportation networks, 

● high number of vehicles used in those cities 

● number of passengers using those public transportation modes 

Those cities are not good examples of green public transportation. The best practices of green public 

transportation will be given in the following lecture notes. General information about three cities in Europe 

is given below.  

Public Transportation in Ankara 

Ankara is the capital city of Turkey with a population of 5.639.000 and the population of Ankara is growing 

day by day (TUİK, 2020). Urban public transportation in Ankara is carried out by rail and road. In rail 

transportation, as can be seen in Figure 1.1, there are 4 subway lines, 1 suburban train line, and 1 cable car 
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line. The green line (ANKARAY) is 8527 meters line length, and it has 11 stations, the red line (M1), is 14661 

meters and has 12 stations. The blue line (M2) is 16590 meters and has 11 stations. The purple line (M3) is 

15360 meters and has 11 stations. M4 which is the black line on the map is 9220 meters and has 9 stations. 

Lastly, the orange line is the cable car line with 3257 meters.   

 
Figure 6. Ankara rail system and cable car map 

In road transportation, there are 5 different regions. As it can be seen in Table 2, according to EGO activity 

report (2020), there are totally 50 departure points, 341 lines and 1547 number of vehicles in road 

transportation.  

 

Table 2. Departure points and line numbers by regions in Ankara 

Region 

numbers 

The number 

of points of 

departure 

The number of 

lines 

The number of 

vehicles 

Regions 

1.Region 6 55 211 Çankaya-Gölbaşı-Haymana-Bala 

2.Region 9 65 292 Yenimahalle-Keçiören 

3.Region 14 70 334 Mamak-Altındağ-Çankaya-Elmadağ 

4.Region 12 60 277 Altındağ-Keçiören-Pursaklar-Akyurt-Çubuk-

Kalecik 

5.Region 9 91 433 Etimesgut-Sincan-Çankaya-Kahramankazan-

Kızılcahamam-Ayaş-Beypazarı-Polatlı 
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There are many different transport alternatives for passengers in Ankara. According to Ankara 

Development Agency Report (2019), distribution of road and rail public transportation types in as business 

day in Ankara and the number of passengers is given in Table 3. In Table 3, 86% of passengers prefer to use 

public road transportation. The reason behind that could be related to the limited region covered by rail 

transportation. 

 

 

 

Table 3. Distribution of public transportation types in a business day in Ankara (Ankara Development 

Agency, 2019) 

Type of Vehicle 
Number of 

Passengers 

Passenger 

Total-Public 

Transportatio

n (%) 

EGO Buses 640200 19 

Minibus 1050000 30 

Non-municipal public buses 250000 7 

Private public transpt. Vehicle 87200 3 

Private district public transpt. Vehicle 46500 1 

Shuttle 700000 20 

Private company shuttle 190000 6 

Total public road transportation 2073900 86 

Ankaray 114200 3 

Metro 316000 9 

Suburban Train 44000 1 

Cable Car 9400 0 

Total public rail transportation 483600 13 

 

Ego buses operate totally on 341 lines and 50 departure points. Table 4 shows the number of passengers 

transported with EGO buses annually by years between 2016 and 2020. As it can be seen in Table 4, in the 

year 2020, there is a sharp decrease in the number of passengers after March. The reason behind that is 

global epidemic occurs in the world. There are some regulations and restrictions taken by government. 
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Table 4. The number of passengers transported with EGO buses by month and years 

Month 2016 2017 2018  2019 2020 

January 16885800 16814198 17611336 18899236 17894268 

February 17687302 16416514 17752450 18740966 18270427 

March 18797558 19592057 20566251 21345856 12411772 

April 18212475 17457996 19156148 20041694 2805151 

May 17614721 18102365 18783437 19470768 2973910 

June 14581820 13297249 14625419 14306556 7610790 

July 12867996 13772991 15337628 16246099 8841195 

August 14854301 13986745 12672443 13122683 8103002 

September 13374208 14504560 17078425 17436600 8620583 

October 18361020 19319970 21153414 19680002 9768458 

November 18577664 19221455 20950062 19438796 9059057 

December 18132173 19207086 20167568 19964827 6557977 

Average 16662253 16807766 17987882 18224506 9409716 

Total 199947038 201693186 215854581 218694083 112916590 

There are 1547 EGO public transportation buses that are in service in 2020. According to EGO activity report 

(2020), the buses are fuelled with CNG and diesel oil. As it can be seen in Figure 7, 279 of vehicles (18%) are 

fuelled with diesel oil, and 1268 of vehicles are fuelled with CNG. 

 

 
Figure 7. The distribution of EGO buses that are in service in 2020 by fuel. 

EGO bus fleet consists of MAN and Mercedes brand buses. As it can be seen in Table 5, there are two types 

of buses, the first one is solo and the second one is articulated. The capacity of articulated buses is higher 

than solo buses. The oldest buses are 1999 model with diesel oil.  

Diesel oil
18%

CNG
82%
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Table 5. Distribution of EGO buses by brand, model, and fuel. 

Brand-Tip Model Fuel Capacity Quantity 

2020 

Mercedes Solo 1999 Diesel oil 100 33 

Mercedes Articulated 1999 Diesel oil 157 66 

Mercedes Articulated 2012 Diesel oil 152 124 

Mercedes Articulated 2013 Diesel oil 151 56 

MAN Solo 2007 CNG 82 387 

MAN Solo 2008 CNG 82 90 

MAN Solo 2009 CNG 80 343 

MAN Solo 2010 CNG 80 208 

MAN Solo 2011 CNG 80 40 

MAN Solo 2012 CNG 151 125 

MAN Articulated 2013 CNG 152 75 

TOTAL    1547 

 

Public Transportation in Berlin 

 

Berlin is the capital and the largest city of Germany with a population of 3.566.791. In Berlin, there are 4 

different public transportation types, which are S-Bahn (Strabenbahn), U-Bahn (Underground), ferry and 

buses. Figure 8 shows the public transportation map of Berlin. S-Bahn consists 15 lines and 330 kilometres 

long regional network and 170 trains station is placed in the S-Bahn. U-Bahn includes 10 lines, 146 

kilometres and 173 stations. There are 4 different types of bus service in public transportation. These are 

normal buses, MetroBuses, Express buses, and night buses. Normal buses consist of around 300 lines. There 

are 17 MetroBus lines, 13 rapid lines in express buses, and 45 lines for night buses. 
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Figure 8. Berlin public transportation map 

 

Berliner Verkehrsbetriebe (BVG) is one of the transport service providers in the federal capital in Berlin and 

operates 10 undergrounds, 22 tram and 156 bus routes. The purchased offering is the sum of the train / 

wagon kilometers driven for passenger transport in accordance with the transport contract. According to 

annual reports conducted by BVG, Table 6 shows the purchased offering of public transportation in Berlin. 

The number of purchased offering by bus has the highest number when compared with other 

transportation types. 

 

 

 

 

 

 



 

97 
 

Table 6. The purchased offering of public transportation in Berlin (in million passenger kilometers) 

 2013 2014 2015 2016 2017 2018 2019 

Subway 21 21 21,4 21,6 21,8 21,6 21,6 

Tram 19,1 19,1 19 19,9 20,2 19,8 20 

Bus 87,6 88,3 88,9 90,2 91,1 91 91,5 

 

In addition to that, the performance is the product of the persons transported and the distance covered in 

kilometers. According to annual reports conducted by BVG, Table 1.6 presents the performance of public 

transportation in Berlin. Although bus has the highest purchased offering, people prefer more to use 

subway. 

 

Table 7. The performance of public transportation in Berlin (in million) 

 2013 2014 2015 2016 2017 2018 2019 

Subway 2282,7 2353,4 2431,5 2516,1 2560,6 2708,9 2651,8 

Tram 538,1 557,1 575,6 595,6 627,7 641,3 627,7 

Bus 1336,2 1351,7 1396,6 1445,1 1523,1 1555,9 1523,1 

 

Moreover, according to BVG, there are two types of bus-related data in the annual reports. The first one is 

omnibus which shows the number of passengers used normal buses, MetroBuses, Express buses, and night 

buses, and the second one is the central bus station's annual arrivals and departures. Table 8 shows the 

number of passengers used buses and the number of central bus station between years 2015 and 2020. In 

Table 8, even though the number of central bus station has been decreasing between 2017 and 2020, the 

number of passengers who used buses have been increasing. 

 

Table 8. The number of passengers used omnibus in Berlin (in million) 

 2020 2019 2018 2017 2016 2015 

Omnibus (million) 466 456 441 433 418,5 405 

Central bus station (IOB) annual 

arrivals and departures 

158819 164406 166301 214249 208195 174826 

 

According to BVG 2020 annual report of Berlin, the area size of Berlin is 892 km2. The departures of public 

transportation per day is 910100. As it can be seen in Table 9, the demand for the number of buses have 

been increasing year by year with the increasing usage of buses by passengers. 
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Table 9. The distribution of omnibus in Berlin (in million) 

 2020 2019 2018 2017 

Vehicles in total (Omnibus) 1492 1440 1400 1379 

Biplanes 351 383 415 416 

Monoplane 429 407 411 420 

Articulated buses 672 636 560 529 

Special wagons 9 9 10 14 

Electric buses 31 5 4 0 

 

Public Transportation in Paris 

Paris is capital and the most famous city of France with a population of 2.175.601. In Paris, there 4 different 

types of public transportation, which are metro, tramway, RER (suburban train), and buses. Figure 9 shows 

the public transportation map of Paris. Most frequented public transport in Paris is Metro with 16 lines. 64 

bus lines run alongside and complement the metro network. 
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Figure 9. Paris public transportation map. 

 

Buses operate from Monday to Saturday from around 7 am until 8.30 pm. Some lines operate in the 

evening between 8.30 pm and 12.30 am, in particular those departing from stations, or which serve major 
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metro/RER interchanges, as well as the 3 outer PC lines. Almost half of the bus lines operate on Sundays 

and public holidays. In addition to that, there are night bus services, which is Noctilien operates in Paris and 

the Paris region from 12.30 am to 5.30 am with 47 lines. As it can be seen in Figure 10, the number of 

passengers who use the metro as public transportation has the highest number. 

 
Figure 10. Number of public transport users in Paris in 2017, by type of public transportation 

 

3 – CONCLUSION 

Although passenger cars cause many problems in city transportation, unfortunately the popularity of 

passenger cars increase from 1995 to 2018. Passenger cars have important role in city transportation since 

people usually prefer to travel alone with their private cars. Hence, private cars cause traffic congestion, air 

pollution etc. That is why people are encouraged to use public transportation means. Air transportation, 

train services and bus-tram-metro transportation are commonly used ways of public transportation in the 

EU. In order to decrease the climate change affects, we need people to use public transportation means 

increasingly rather than private car usage.  
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HOUR 2: Air pollution problems caused by the vehicles used in current public 

transportation 
 

AUTHOR INFORMATION 

 

Author(s): Zafer Yilmaz, Gizem Çelik 

E-mail(s): zafer.yilmaz@tedu.edu.tr, gizem.celik@tedu.edu.tr 

 

Teaching Objectives 

The aim is to introduce carbon footprint problems especially in Europe. In this hour, it is aimed to increase 

the learners’ sensitivity about the problems related to energy usage and air polluting amounts of current 

public transportation technologies (i.e. in some European cities).  
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Learning Outcomes  

Upon successful completion of this hour, learners will be able to: Describe air pollution problems caused by 

the vehicles used in current public transportation. 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however learners are advised to read; 

● The teaching note which is available on the project website. 

● Supplementary materials given in the next section.  

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Alkiviadis Tromaras, Efthymis Papadopoulos, Aggelos Aggelakakis, “The Future of the European 

Transport Sector: Identifying the Key Trends Regarding the Transport Concepts of the Future”, 

INTERNATIONAL CONFERENCE ON TRAFFIC AND TRANSPORT ENGINEERING - ICTTEAt: Belgrade, 

Serbia. 

● Doc. Ing.Marián Gogola, Doc. Mgr. Dana Sitanyiová, Ing. Ľubomír Černický, Ing. Milan Veterník, 

PhD., 2018, “NEW DEMAND PATTERNS FOR PUBLIC TRANSPORT DUE TO DEMOGRAPHIC CHANGE”, 

Working Paper 

● ALEKSANDER JAGIEŁŁO, Agnieszka Wojtach, Aldona Łuczak, 2018, “REPORT BENCHMARKS FOR THE 

CURRENT PUBLIC TRANSPORT SYSTEMS”, INNO BALTICA. 

● European Commission, Directorate-General Mobility and Transport, B-1049 Brussels, 2019, 

“Transport in the European Union Current Trends and Issues”. 

● EU COMMISSION, STATISTICAL POCETBOOK 2020, EU TRANSPORT in Figures. 

● European Environment Agency. Transitions toward a More Sustainable Mobility System. EEA 

Report 34. TERM 2016: Transport Indicators Tracking Progress Toward Environmental Targets in 

Europe, 2016. 

● Ibarra-Rojas, O. J., F. Delgado, R. Giesen, and J. C. Munoz. Planning, Operation, and Control of Bus 

Transport Systems: A Literature Review. Transportation Research Part B: Methodological, Vol. 77, 

2015, pp. 38–75. 
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LECTURE NOTES 

 

1 – INTRODUCTION 

The transport sector plays a critical role in ensuring sustainable economic growth for Europe, offering jobs, 

better quality of life of the European citizens as well free movement of goods, services and individuals (EC, 

2014). Within this context, the EU has recognized the importance of transport as a basic parameter for its 

future development and growth, which can provide a competitive advantage at a time of increasing global 

competition (EC, 2011; CEC, 2012). Even though legislative progress is being made to decarbonize and make 

the European transport sector more efficient, the overall system remains unsustainable. The major 

challenges facing the European transport sector include traffic congestions, oil dependency, greenhouse 

gas emissions, infrastructure as well as growing competition from other transport markets (EC, 2014). 

Furthermore, the current and future global socio-economic megatrends, such as ageing population, 

urbanization, and megacities, changing lifestyles, key resources scarcity, environmental challenges – 

climate change, will shape the European transportation system even further (Maraš et al., 2018). [1] 

In this hour of the module, first, air pollution caused by the vehicles used in current public transportation 

will be explained. Next, learners will be informed about air pollution in Ankara, Berlin, and Paris. In the last 

section, fuel usage with respect to different transport vehicles will be introduced by using an excel file. 

 

2 – MAIN BODY 

PART 1 - Air pollution caused by the vehicles used in current public transportation 

In passenger transport, the quality depends largely on satisfying the everyday needs of citizens, including 

the level of access to work, schools, shops, accessibility to social care and to leisure activities. For large 

urban areas with an increasing population, it is not a problem. But in recent years, there is an accompanying 

phenomenon of development in developed countries, and some countries such as  Slovakia, the Czech 

Republic, Hungary, Poland while other countries have an increase of road transport which is represented 

by significant growth of negative impacts on the environment, increase congestion in urban areas and the 

growth of road accidents. In passenger traffic, the growth of individual automobile transport is reflected by 

a significant decline in the performance of public passenger transport (rail, bus, and public urban transport). 

[2] 

The offer of public transport, its quality and its share in the modal split affect the EU inhabitants' quality of 

life. The reduction in the number of travels by private cars contributes to limiting the costs of congestion, 

the volume of emitted noise and air pollution as well as the number of road accidents (see Figure 1). 
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Figure 1. Positive effects resulting from an increased share of public transport in inhabitants’ travels 

 

Among all sources of air pollution, transport is indicated as the main emitter in cities; it is responsible for 

nearly one-fourth of greenhouse gas emissions in Europe. The average emission level of a new car sold in 

2017 was 118.5 grams of CO2 per kilometer (158.7 grams in 2007). Taking into account the average mileage 

of private cars in the EU (ca. 12 thou. km), it means that the average private car emits ca. 1 422 km CO2 

annually. Due to the improved efficiency, public transport emits less pollution compared to private cars per 

passenger-kilometer. [3] 

One of the goals of the European Union, defined e.g. in the White Paper on Transport, is to establish a 

competitive and resource-efficient public transport system. The EU also agreed to reduce greenhouse gas 

emissions by 20% (relative to 1990) by 2020 and by 80-95% by 2050 ¾·. As per the estimates provided for 

eBus report, in Europe at present, there are over 1300 buses in operation powered by electric energy, 

including 956 battery electric buses (73%), 271 trolleybuses (21%), 87 Plug-in hybrid (6%). The largest 

electric bus fleet in Europe can be found in the United Kingdom (ca. 18%) and the Netherlands, Switzerland, 

Poland, and Germany (ca. 10% each) ¾¸. In order to limit the impact of public transport vehicles on the 

environment, works are conducted to power the vehicles with LNG and CNG gas, biogas and hydrogen. [3] 

CO2 emissions and air pollution from all sectors are the major environmental concerns [4]. CO2 emissions 

by sector in EU are given in Figure 2. We see from the figure that transportation sector has the second 

biggest share in CO2 emissions.   
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Figure 2. CO2 Emissions by Sector: EU 

 

When the transportation sector is focused, it is realized that the road transportation causes the highest 

CO2 emissions in EU (see Figure 3). 

 
Figure 3. Total Transport Greenhouse Gas Emissions in the EU 
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Transport greenhouse gas emissions change by mode for the years between 1990 and 2018 is given in 

Figure 4. In this figure, the greenhouse gas emissions by each mode for the year 1990 are assigned as 1 and 

the proportions of the next years with 1990 are shown in. For example, the gas emission proportion in 1990 

for railways is assigned to be 1, and it decreases to 0.34 by the year 2018. Hence, there is 66% decrease in 

the total gas emission caused by the railways in 27 countries of EU. Our focus is on road transportation and 

there is an assignable increase on the total gas emission caused by road transportation from 1990 to 2018. 

 
Figure 4. Transport greenhouse gas emissions change by mode for the years between 1990 and 2018 

The details of greenhouse gas emissions from road transport are depicted in Table 1.  
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Table 1. Greenhouse Gas Emissions (GHG) from Road Transport, by Transport Mean: EU-27 

Million tonnes CO2 equivalent 
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1990 620.1 389.6 59.9 161.7 8.5 0.5 828.3 5013.5 

1991 629.3 395.2 61.3 164.0 8.5 0.3 834.1 4906.7 

1992 651.7 406.9 63.1 172.1 9.1 0.6 861.4 4760.1 

1993 657.4 411.8 65.6 170.3 9.4 0.2 868.4 4683.3 

1994 662.9 414.9 67.5 170.9 9.3 0.2 876.7 4669.4 

1995 675.0 424.2 68.5 172.1 10.0 0.2 892.6 4729.1 

1996 694.9 434.5 71.9 178.2 10.2 0.2 924.6 4829.5 

1997 705.2 439.8 74.5 180.2 10.4 0.2 946.5 4773.0 

1998 733.1 455.1 78.4 188.5 11.0 0.2 985.0 4743.1 

1999 750.2 464.9 81.0 192.9 11.1 0.2 1005.1 4667.5 

2000 747.4 459.2 83.3 194.1 10.6 0.2 1012.0 4671.5 

2001 762.2 466.4 86.3 198.3 10.8 0.3 1029.5 4721.2 

2002 771.6 474.2 87.1 198.8 11.2 0.2 1041.8 4711.3 

2003 780.9 478.0 90.3 200.9 11.5 0.2 1057.3 4799.2 

2004 797.8 483.6 93.7 208.9 11.4 0.2 1089.0 4818.5 

2005 796.6 479.1 95.1 211.3 10.9 0.2 1096.9 4800.5 

2006 804.3 479.5 97.8 216.3 10.6 0.2 1120.7 4810.4 

2007 813.5 484.7 
100.

7 
217.5 10.5 0.2 1141.2 4786.0 
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2008 795.0 477.6 97.4 209.0 10.7 0.2 1121.5 4689.6 

2009 775.1 472.2 94.6 197.6 10.4 0.3 1071.1 4347.1 

2010 771.7 465.2 94.4 201.5 10.4 0.2 1068.1 4438.2 

2011 763.6 460.6 92.9 199.6 10.3 0.2 1060.7 4328.0 

2012 736.3 442.3 90.2 193.6 10.1 0.2 1018.6 4237.0 

2013 733.7 444.1 86.7 192.8 9.9 0.1 1006.4 4145.7 

2014 742.0 454.0 86.4 191.5 10.0 0.1 1010.6 4007.8 

2015 755.9 461.4 87.7 196.7 9.9 0.1 1028.6 4063.8 

2016 772.9 471.6 89.4 201.8 10.0 0.1 1059.4 4075.1 

2017 785.0 476.9 91.5 206.4 10.1 0.2 1084.6 4112.3 

2018 786.2 474.3 93.7 208.4 9.7 0.2 1095.7 4031.5 

 

The share in road transport greenhouse gas emissions by transport mean is shown in Figure 5.  

 
Figure 5. The share in road transport greenhouse gas emissions by transport mean 

 

Transport greenhouse gas emissions change from road transport for the years between 1990 and 2018 is 

given in Figure 6. In this figure, the greenhouse gas emissions by each mode for the year 1990 are assigned 
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as 1 and the proportions of the next years with 1990 are shown in. For example, the gas emission proportion 

in 1990 for light duty trucks is assigned to be 1, and it increases to 1.56 by year 2018. Hence, there is a 56% 

increase on the total gas emission caused by the light duty trucks in 27 countries of the EU. Our focus is on 

public transportation especially the busses used in cities and there is an assignable increase (%29) on the 

total gas emission caused by heavy duty trucks and busses from 1990 to 2018. 

 

 
Figure 6. Transport greenhouse gas emissions change by road transport mode for the years between 

1990 and 2018 

 

The vehicles used in public transportation in EU consume motor gasoline, diesel, biofuels, and biogas. The 

usage amounts (in ktoe) with respect to European countries are depicted in Table 2.  
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Table 2. Final Consumption of Motor gasoline, Diesel, Biofuels and Biogas for Transport 2018 – by fuel 

(ktoe) 

  

Total final 
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on of 
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oil for 
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(*
*)

 

                 

EU-

27 248 867.1 

65 256.

9 

183 610.

2 

15 515.

6 

2 599.

3 

12 762.

4 

 153.

3  0.7 

EU-

28 287 987.5 

77 626.

9 

210 360.

6 

16 802.

5 

2 986.

4 

13 662.

1 

 153.

3  0.7 

                  

BE 8 165.1 1 603.6 6 561.5  478.7  113.4  365.3     

BG 2 490.4  477.5 2 012.9  163.6  28.6  135.0     

CZ 5 994.6 1 601.4 4 393.2  308.7  61.3  247.4     

DK 4 122.2 1 387.2 2 735.0  213.9  42.9  171.0     

DE 50 162.4 

16 538.

5 33 623.8 2 701.2  748.0 1 919.1  33.4  0.7 

EE  793.7  272.2  521.5  17.1  4.9  12.3     

IE 3 916.0  821.5 3 094.5  154.3  27.3  127.0     

EL 4 906.5 2 402.9 2 503.6  158.8    158.8     

ES 27 487.7 5 075.6 22 412.0 1 681.3  153.8 1 527.5     

FR 39 081.7 7 672.5 31 409.2 3 393.2  586.0 2 807.2     

HR 1 995.4  519.6 1 475.8  27.0  0.4  26.6     

IT 29 247.4 7 640.0 21 607.5 1 249.7  32.6 1 217.1  0.0   

CY  667.1  361.4  305.7  9.0    9.0     

LV 1 006.3  184.0  822.3  37.8  8.5  29.4     

LT 1 860.0  232.3 1 627.7  77.8  8.0  69.8     

LU 1 966.3  328.3 1 638.0  122.8  10.0  112.8    0.0 
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HU 4 411.7 1 417.7 2 994.0  193.5  50.2  143.3     

MT  219.9  79.9  140.1  9.6    9.6     

NL 9 925.7 4 004.4 5 921.3  501.7  169.7  332.0     

AT 7 703.7 1 543.1 6 160.6  472.2  57.6  414.2  0.4   

PL 18 643.4 4 385.9 14 257.5  912.4  172.8  739.6     

PT 5 257.7 1 068.0 4 189.7  262.4  5.6  256.8     

RO 5 766.3 1 320.3 4 446.0  297.1  90.4  206.6     

SI 1 853.4  425.5 1 428.0  72.7  6.7  66.0     

SK 2 375.3  570.8 1 804.5  149.9  17.6  132.4     

FI 3 709.2 1 283.3 2 425.9  366.8  84.4  281.5  1.0   

SE 5 137.8 2 039.4 3 098.4 1 482.3  118.7 1 245.2 

 118.

5   

UK 39 120.4 

12 370.

0 26 750.4 1 286.8  387.2  899.7     

MK  641.5  104.2  537.2  0.1    0.1     

TR 22 792.3 2 326.5 20 465.8  183.1  80.2  102.8     

IS  326.9  134.5  192.4  21.7  3.9  15.9  1.8   

NO 3 651.3  788.5 2 862.8  384.3  35.8  329.6  18.8   

CH                 

 

In particular, the significant impact of transport on energy use and climate change has to be addressed. In 

2016, at least 33% of the final energy consumption and 24% of greenhouse gas emissions (26% more 

greenhouse gas emissions than in 1990) in the EU stemmed from transport.  

Final energy consumption in transport decreased between 2005 and 2016 due to both the improvements 

in the energy efficiency of passenger cars and the economic crisis. The latter led to a stabilization of 

passenger traffic and a decrease in freight traffic. 

Under the adopted policies, the declining trend in emissions (since 2007) from transport is expected to 

continue until 2030 (-12% for 2005-2030). The main drivers are fuel efficiency gains. They are encouraged 

by CO2 standards for light duty vehicles, increasing fossil fuel prices over time, and the use of less CO2-

intensive fuels. However, greater efforts will be needed after 2020 if the global targets to reduce 

greenhouse gas emissions are to be met. The European Environment Agency has pointed out that from 

2013 to 2016, total greenhouse gas emissions from road transport have increased by 5%, against the 

otherwise declining trend. It is expected that the cost of air pollution from road transport will remain high, 
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due to congestion and an expected growing demand for transport. Thus, the current transport system might 

not be sustainable. 

 

PART 2 - Air pollution in Ankara, Berlin, and Paris 

The information about three cities in Europe is given below. 

 

ANKARA 

With the negative effects of global warming, governments and municipalities have included various policies 

in their future plans to reduce these negative effects. One of the important of these is by reducing the 

amount of carbon dioxide generated during public transportation. In Ankara, according to EGO annual 

report, total travel distance made by buses is shown in Table 3. 

Table 3. The distribution of the length of the road made by the buses by months 

Month KM, 2019 KM, 2020 

January 8939981 8246068 

February 7973957 7765513 

March 8753137 7418499 

April 8292400 5657464 

May 8644760 5623037 

June 7377018 7783360 

July 7443886 7640132 

August 7242860 7622335 

September 7760361 7686818 

October 8312969 8054592 

November 8134859 7802668 

December 8266311 7570561 

Total 97142499 88871047 

 

In addition to that, Table 4 shows the distribution of fuel consumed by EGO buses by months and years. In 

the last year, the amount of fuel oil litres consumed is at the lowest level when it is compared with other 

years. Due to the global epidemic and the precautions taken, the usage of CNG has been increasing years 

by year. However, the main reason for the decrease in CNG consumption in 2020 is the decrease in the rate 

of public transport by passengers.  
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Table 4. Distribution of Fuel Amounts Consumed by EGO buses by Months (lt-m³) 

  2018 2019 2020 

Month 

Fuel oil 

(lt) CNG(M3) 

Fuel oil 

(lt) CNG(M3) 

Fuel oil 

(lt) 

CNG 

(M3) 

January 801332 5461132 867642 5928604 905575 6020995 

February 858971 5062363 804723 5264993 729767 5643884 

March 1064315 5680435 874982 5870637 768949 5142295 

April 780223 5334139 861038 5396455 390480 3574175 

May 828067 5655292 853775 5725740 304629 3597507 

June 786852 5396564 776456 4874550 647650 4528600 

July 807972 5208166 842779 5231957 643506 4812666 

August 747826 5000204 914904 5145814 665697 4642115 

Septembe

r 711725 5249233 752004 5346345 620434 4777317 

October 880311 5668076 1003379 5758046 572571 5091227 

November 898489 5692277 820253 5698466 728055 4973185 

December 829463 5867255 951766 5995076 583449 4874652 

Total 9995546 

6527513

6 10323701 

6623668

3 7560762 

5767861

8 

 

BERLIN 

In Berlin, the number of electric buses used in public transportation have been increasing year by year.  As 

it can be seen in Figure 7, according to report conducted by urban mobility index, 27% of city area of Berlin 

is green spaces, and 10% of city area is low emission zone. Also, 15% of city area of Paris is green spaces, 

and 11% of city area is low emission zone. 
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Figure 7. A visual comparison of key sustainability indicators across cities 

 

The climate-damaging CO2 emissions in Berlin decreased further in 2017. As announced by the Office of 

Statistics on Wednesday, carbon dioxide (CO2) emissions fell by 4.7 percent to 19.1 million tonnes 

compared to the previous year - while energy consumption remained more or less unchanged. Emissions 

were 34.6 percent below the 1990 level. 

The goal of the Berlin Senate is to reduce these by 85 percent by 2050 compared to 1990. Environment 

Senator Regine Günther wanted to set a more ambitious value of "at least 95 percent" in the wake of the 

recent recognition of a "climate control system". However, it was not able to assert itself in the Senate. 

Senator considers the new emission data a success "Berlin is making progress in climate protection," she 

said. "Despite strong economic and population growth, Berlin was able to save almost one million tons of 

CO2." The lignite phase-out completed in May 2017 contributed almost one-third to this. But increasing 

energy efficiency and productivity in the economy as well as more conscious consumers had also 

contributed to the positive annual balance. 

Pop: Measures of the Senate for an energy system transformation are effective "However, further 

ambitious steps remain necessary to achieve the climate targets. These include the gradual phasing out of 

hard coal and the expansion of renewable energies." 

https://www.berlin.de/en/news/6014763-5559700-less-CO2-emissions-in-Berlin-in-2017.en.html 

 

https://www.berlin.de/en/news/6014763-5559700-less-CO2-emissions-in-Berlin-in-2017.en.html
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PARIS 

In 2018, Paris 'carbon footprint amounted to 22.7 million tonnes of CO2 equivalent (tCO2e), and local 

emissions in Paris amounted to 5.5 MtCO2e, down to 25% compared to 2004, for road transport, there is a 

36% reduction compared to 2004 with the help of local planning decisions, improvements in public 

transportation and shared mobility (Report of Paris greenhouse gas emissions, 2018). 

RATP is a state-owned public transport operator in Paris. According to RATP Green Bond Impact Report 

published in June 2021, carbon footprint of the RATP by distribution of emission areas is given in Figure 8. 

Figure 8 shows that 65% of RATP’s carbon footprint results from traction energy and buildings. RATP has 

set the goal to reduce its greenhouse gas emissions (GHG) by 50% between 2015 and 2025 and to reduce 

energy consumption by 20% within this same period (RATP Green Bond Impact Report, 2021). 

 

 
Figure 8. Carbon Footprint of the RATP  

(Source: 2017 RATP parent company carbon footprint) 

 

RATP states that bus transport has the highest portion of the greenhouse gas emission linked to energy 

consumption. There are two alternatives to reduce the CO2 emissions of bus transport. These are using 

100% electric buses and using hybrid buses in public transportation. Electrical technology is not enough to 

use in longer buses, therefore electric minibuses and midi buses are used in the city centre for the public 

transportation. Also, hybrid buses decrease fuel consumption 15%. 

RATP has committed to decrease its greenhouse gas emissions per passenger/km by 20% between 2004 

and 2020. A RATP traveler using the metro, RER or tram emits 60 times less greenhouse gas than when they 

use a car (RATP Green Bond Impact Report, 2021). Carbon footprint per passenger is high in private car and 
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bus usage as can be seen in Figure 9. However, there is a lower level of carbon footprint per passenger in 

the rail public transportation.  

 

 
Figure 9. Carbon footprint per passenger-km 

 (Source: RATP Green Bond Impact Report, 2021.) 

 

To decrease carbon footprint per passenger, RATP applies different projects in Paris. For example, it placed 

2000 bicycle parking places near metro and tram stations, and 32% hybrid, electric or biomethane buses in 

the Île-de-France region fleet in 2020. With the help of these precautions and projects, there is a change in 

energy consumption and GHG emissions. As it can be seen in Figure 10, there is a decrease in both energy 

consumption and GHG emissions trends in both 2018 and 2019. However, in 2020, there is a sharp increase, 

and the reason behind that is the pandemic crisis. RATP continued to its transportation services to allow 

essential workers transportation mobility. However, urban mobility (person-kilometres) fell drastically 

(down 44% compared to 2015 and down 45% to 2019) (RATP Green Bond Impact Report, 2021). Therefore, 

after the end of pandemic period, it is expected to that the energy consumption and GHG emission per 

passenger will continue to decrease. 
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Figure 10. Trend in energy consumption and GHG emissions 

 (Source: RATP Green Bond Impact Report, 2021). 

PART 3 – Fuel Usage with respect to different transport vehicles 

See Excel file 

 

PART 4 – Game Playing 

A game will be played – Participants will be asked to write down; 

o their daily private car usage  

o their estimation of possible fuel consumption caused by their private cars 

o their estimation of CO2 emissions caused by their private cars 

Next, the excel file which includes fuel consumption and CO2 emissions with respect to different 

vehicles will be shown on the screen and learners will be asked to calculate their real daily CO2 

emissions caused by their private cars. They will be asked to compare what they have estimated and 

what is the reality. 

Finally, the learner with the lowest CO2 emission will win the game and get a present from the 

instructor. 

 

3 - CONCLUSION 

The offer of public transport, its quality and its share in modal split affect the EU inhabitants' quality of life. 

The reduction in the number of travels by private cars contributes to limiting the costs of congestion, 

volume of emitted noise and air pollution as well as the number of road accidents. 
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HOUR 3: Green public transportation vehicles to be used in future smart cities 
 

AUTHOR INFORMATION 
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Teaching Objectives 

The aim is to introduce green vehicles used in public road transportation, especially in Europe. In this hour, 

it is aimed to increase the learners' awareness about the greener fuel types and the current status of green 

public road transportation in Europe.  

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to: Describe green vehicles used in public 

road transportation especially based on fuel types.  

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however, learners are advised to read; 

mailto:zafer.yilmaz@tedu.edu.tr
mailto:gizem.celik@tedu.edu.tr
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● The teaching note which is available on the project website. 

● Supplementary materials given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● IEA, C. (2020). Global ev outlook 2020. URL: https://www. iea. org/reports/global-ev-outlook-2020. 

● European Commission, Directorate-General Mobility and Transport, B-1049 Brussels, 2019, 

“Transport in the European Union Current Trends and Issues”. 

 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

Increasing pollution caused by the transportation sector due to CO2 emissions raises the importance of 

green vehicle use all around the world. A green vehicle or clean vehicle is a road motor vehicle that produces 

less harmful impacts on the environment than the equivalent conventional internal combustion engine 

vehicles that run on gasoline or diesel (Senin et al., 2021). In this hour of the module, first, green vehicles 

used in public road transportation will be introduced. Next, the current status of green public transportation 

vehicles will be explained by focusing especially on the EU countries. Then, the future projected green 

vehicles will be introduced, and examples of autonomous vehicles, micro-mobility vehicles and shared 

mobility services will be demonstrated. 

 

2 – MAIN BODY 

PART 1 – GREEN VEHICLES 

There is a high demand for energy consumption in cities due to population growth, and more pollution due 

to high CO2 emissions. Effective methods for increasing energy efficiency include the adoption of eco-

driving – especially in urban areas – the use of more efficient vehicles, and the shift to green public 

transportation to decrease pollution (Kaldellis et al., 2017). Green vehicles include various low-pollution 

vehicles, such as dual-energy vehicles, natural gas vehicles, electric vehicles, hydrogen power vehicles, and 

solar energy vehicles (Li, 2016). Vehicles in use Europe 2021 report (ACEA, 2021) proposed that 55.7% of all 

public transportation in the European Union (EU) is made by urban and sub-urban buses, and 8.5% of 

passengers on road transportation in the EU use buses and coaches. According to European Alternative 

Fuels Observatory (EAFO) report (2020), Battery Electric Vehicles (BEV), Compressed Natural Gas (CNG) 

vehicles, Plug-in Hybrid Vehicles (PHEV) and Hydrogen Vehicles (H2) are commonly used alternative fuels 
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in Europe and the distribution of buses in Europe by fuel types between the year 2008 and 2020 can be 

seen in Figure 1.  In this figure, the number of compressed natural gas (CNG) buses is the highest every year. 

The reason behind the popularity of CNG is the availability of natural gas resources and easier conversion 

from diesel and gasoline engines to CNG engines. However, Choi et al. (2012) conducted a study in Seoul, 

South Korea about the transformation of public transportation vehicles to CNG and electric vehicles and 

the study found that electric vehicles created %21.6 more environmental and economic advantages than 

CNG vehicles. 

 

 
Figure 1. Distribution of buses in Europe by fuel types from 2008 to 2020  

Source: EAFO, 2020. 

 

There is an increase in the number of electric vehicles in road public transportation. Electric vehicles such 

as electric buses or bus rapid transit (BRT) are effective green vehicle alternatives in road public 

transportation. As it can be seen in Figure 2, Electric Vehicles (EV) are more energy efficient than other 

types of vehicles and they cause a lower level of CO2 emission. In the world, China is one of the successful 

countries in the production and usage of electric buses, and cities in China such as Shanghai and Shenzhen 

constitute a new law about providing public transportation services with only electric buses.  
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Figure 2. CO2 emission for different vehicles and fuel types  

Source: EEA, 2020. 

The charging system is important in electric vehicles because storage of the energy and time spend for 

charging change depending on the charging system. There are four types of charging infrastructure used in 

electric vehicles; traditional plug-in charging, battery swapping, wireless charging, and pantograph 

charging, which can be seen in Figure 3.  

 
Figure 3. Interaction between EVs for public transportation and power systems  

Source: Clairand et al., 2019 
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In theory, electric vehicles (BEVs) are CO2-free power sources but always depend on the energy mix of the 

charging system. Fuel Cell Electric Vehicles (FCEVs) running on hydrogen produced emit 45% fewer 

emissions than vehicles with internal combustion engines (Cell & Undertaking, 2019).  Furthermore, 

hydrogen fuel cells are more energy-efficient to produce than charging systems and require significantly 

fewer materials. Hydrogen is a source of energy that is produced from natural gas, coal, wind, biomass, or 

solar energy. The International Renewable Energy Agency (IRENA) proposed that 8 percent of global energy 

consumption is transformed from hydrogen by 2050. Hydrogen fuel cell vehicles have the advantages of 

superior energy saving and environmental protection performance, fast and convenient fuel replenishment 

time, and high fuel conversion rate (Chang et al., 2019). Even though the production process of hydrogen 

is relatively simple, it has disadvantages in the transportation, storage and distribution stages as a 

transportation fuel when compared to other alternative fuels (Zhao & Melaina, 2006). To promote 

hydrogen fuel vehicles and reduce pollution, hydrogen fuel cell vehicles are used in the 2008 Beijing Olympic 

Games and the 2010 Shanghai World Expo in China.  

The energy demand for public transportation has been increasing year by year and to meet this demand, 

there are different projected scenarios. However, due to several side effects of climate change and 

pollution, authorities are more careful about a greener and more sustainable options. According to the 

Hydrogen Roadmap Europe report published in 2019 (Cell & Undertaking, 2019), it is expected that there 

would be an increase in hydrogen energy demand in 2050 in several industries, especially in the 

transportation industry and approximately 250000 buses and more than 5500 trains would fuel with 

hydrogen. 
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Figure 4. Hydrogen energy demanded by industry in the EU by 2050  

Source: Cell & Undertaking, 2019 

PART 2 – CURRENT STATUS OF GREEN PUBLIC TRANSPORTATION VEHICLES 

Green public vehicles are actively used in many cities around the world and there is an increase in the 

number of agreements signed to make public transportation greener. For example, in 2019, the city of 

Barcelona signed an agreement worth €73.5 million with the European Investment Bank (EIB) to purchase 

new CNG, electric and hybrid buses for the public transportation service. Also, De Lijn a company that 

provides public transportation services in Belgium allocated €93 million of the EU Covid recovery budget to 

purchase green public transportation vehicles such as electric vehicles and their charging systems. 

According to the European Automobile Manufacturers Associations report (2021), although 72,9% of newly 

registered buses in the EU used diesel fuel as the main source in 2020, demand for diesel buses decreased 

by more than 10% in major EU countries such as Spain, the United Kingdom, Italy, and Germany. Also, there 

is an increasing demand for greener fuel types in public road transportation in the EU. For example, there 

is a 170.5% increase in new registered electric buses in the EU from 2018 to 2019, and only eight petrol 

buses were sold in 2019 across EU countries (ACEA, 2020). Bus registration change by fuel type for the years 

2019 and 2020 is given in Figure 5. In this figure, registration of hybrid electric buses has the highest 

percentage increase (36%) for both years. However, alternative fuel buses which are fuelled by natural gas, 

LPG, biofuels, and ethanol has the highest total number of registrations with 3206 units. 

 
Figure 5. New bus registrations in the EU by alternative fuel type  

Source: ACEA, 2021 
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In European Union, France has the highest total number of alternative fuel buses which can be seen in 

Figure 6, with 4424 natural gas buses, and 565 electric buses. This is the successful result of the Energy 

Transition Law for Green Growth, constituted in France in 2015, which proposed renewing the existing bus 

fleet with low-emission buses. However, in terms of Battery Electric Vehicles (BEV), the Netherlands is the 

leading country in Europe with a fleet of 1206 buses. In the Netherlands, a zero-emission bus transport 

voluntary agreement is signed which specifies that all new buses in road transportation must use 100% 

renewable energy or fuel by 2025 and all buses must be zero emission by 2030.  In addition to that, Germany 

registered 38 new fuel cell electric vehicles powered by hydrogen in 2020.  

 

 
Figure 6. Top 5 Country in the Alternative Fuel (AF) Fleet in European Union  

Source: EAFO, 2020 

 

 

 

PART 3 – FUTURE PROJECTED GREEN PUBLIC TRANSPORTATION VEHICLES 

Green transportation provides efficient and effective use of resources and promotes sustainable urban 

development. It requires innovation and production of vehicles that use alternative fuel and renewable 

energy sources including wind, solar, biofuels, hydroelectricity, natural gas, electric, and hydrogen. 

Advances in technology and increasing urbanization require innovation in transportation. 

 

New approaches to transportation planning are required to overcome the complicated problems of urban 

transportation, which includes the integration of emerging technologies, such as electrification, digital 
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support systems, and new mobility services like shared solutions and micro-mobility. The demand for new 

and innovative solutions to improve the efficiency of urban transportation has grown due to increasing CO2 

emissions, environmental pollution, and traffic congestion. 

 

Autonomous vehicle (AV) is an approach for future urban transportation in the incorporation of mobility-

focused and smart city innovations. Connected and automated vehicles (CAVs) include a range of 

technology, from conventional (human-operated) cars outfitted with advanced driver assistance systems 

(ADAS) to fully automated driverless vehicles (Bagli et al., 2022). The U.S. Department of Transportation’s 

National Highway Traffic Safety Administration (NHTSA) announced five levels of vehicle automation in 

2013 which can be seen in Figure 7.  

 
Figure 7. Levels of Vehicle Automation. 

Source: NHTSA levels of Vehicle Autonomy Infographic. Left Lane Advisors. (2014). Retrieved July 24, 2022, 

from https://leftlaneadvisors.com/project/nhtsa-levels-of-vehicle-autonomy-infographic/ 

 

Currently, the majority of new vehicles are at level 1 giving drivers information and warnings; some vehicles 

are at level 2 by offering some specialized services like parking or highway cruising. Several vehicle 

manufacturers and technology companies like Mercedes, Google, Apple, and Uber have been working on 

level 4 which is 100 percent autonomous vehicles. Furthermore, companies and municipalities are testing 

https://leftlaneadvisors.com/project/nhtsa-levels-of-vehicle-autonomy-infographic/
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autonomous vehicles in public transportation. An autonomous bus, which can be seen in figure 8, is set to 

be trial in German cities. This bus is mostly operated at low speed and with the small design, it is easy to 

integrate into urban traffic. Thus, the deployment of autonomous vehicles in urban public transportation 

may enhance safety, decrease congestion and CO2 emission and increase mobility (Bagli et al., 2022). 

 
Figure 8. Autonomous buses. 

Source: Landgraf, M. (2020). Karlsruhe Institute of Technology Rabus rolls out self-driving busses. 

 

A strategic combination of different transportation technologies can support green transportation and 

sustainable urban development. Micro-mobility is an innovative urban transport solution aimed at 

providing short-distance travel options including first and last kilometer trips (Abduljabbar et al., 2021). 

Bicycles, scooters, skateboards, segways, and hoverboards are examples of micro-mobility vehicles that can 

be either privately owned or shared (Figure 9). These services, which are supported by new technologies 

and inspired by shared and electric solutions, can complement traditional public transport, and reduce car 

use (Esztergár-Kiss & Lizarraga, 2021).  
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Figure 9. Types of powered micro-mobility vehicles. 

Source: SAE International from SAEJ3194TM Standard-Taxonomy & Classification of Powered Micro-

mobility Vehicles. https://www.sae.org/standards/content/j3194_201911/  

 

Shared mobility services are another approach to be used for green and sustainable transportation. The 

advantages of shared mobility include reducing vehicle ownership and user travel expenses. People can 

obtain a comparable service by sharing with others instead of buying a vehicle or renting a parking place. 

There are different shared mobility modes, some of which are bike-sharing, carsharing, ridesharing, 

ridesourcing, and scooter sharing (Figure 10). Also, this service is more effective when it is combined with 

public transportation so that different modes of transportation such as autonomous vehicles and micro-

mobility vehicles can work together to replace private vehicles.  

https://www.sae.org/standards/content/j3194_201911/
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Figure 10. Shared mobility services. 

Source: Shared mobility. SAE International. (n.d.). Retrieved July 25, 2022, from 

https://www.sae.org/shared-mobility/  

 

3 – CONCLUSION 

There is an increasing consciousness about the negative effects of fossil fuels and CO2 emissions caused by 

these. As a result, alternative fuels gain importance in the transportation sector and the number of green 

vehicles with alternative fuels in road transportation has been increasing year by year. Recently, Battery 

Electric vehicles, Compressed Natural Gas vehicles, Plug-in Hybrid vehicles and Hydrogen Vehicles are 

commonly used alternative fuels in Europe. Governments and municipalities are supported with various 

funds and projects by the EU to make urban transportation greener.  

 

There are scenarios about the future projected transportation. Smart technology, electrification and 

autonomy are three components of innovation in transportation. Also, autonomous vehicles, micro 

mobility vehicles and shared mobility services are green transportation options for future smart cities. 

Several vehicle manufacturers and technology companies conduct different projects on green vehicles and 

these vehicles are tested in real life by making agreements with municipalities and private transportation 

companies. Nevertheless, the developments in the projected vehicles proceed with the feedback of the 

citizens. 

 

 

https://www.sae.org/shared-mobility/
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Teaching Objectives 

The aim is to introduce intelligent public transportation systems. In this hour, it is aimed to increase the 

learners’ awareness about the integration of green and intelligent public transportation vehicles. 

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to describe intelligent transportation 

systems and explain the integration of green and intelligent public transportation systems for more 

sustainable transportation in future smart cities. 
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Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however, learners are advised to read; 

● The teaching note is available on the project website. 

● Supplementary materials are given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● ERTICO – ITS Europe (editor). (2019). Intelligent Transport Systems (ITS) and SUMPs – making 

smarter integrated mobility plans and policies. Retrieved from: 

https://www.eltis.org/sites/default/files/ the_role_of_intelligent_transport_systems 

_its_in_sumps.pdf. 

● United Nations, 2021, “Sustainable Transport, Sustainable Development”, Interagency Report for 

Second Global Sustainable Transport Conference, 59-68.  

● SLOCAT. (2021). Transport action and voluntary national reviews 2021: Achieving the Sustainable 

Development Goals in times of change. 2021. Retrieved from https://slocat.net/wp-

content/uploads/2021/10/SLOCAT-2021-VNR-Analysis_Final-Report.pdf. 

● EC-European Commission. (2020). Sustainable and Smart Mobility Strategy–putting European 

transport on track for the future, SWD (2020) 331 final (COM (2020) 789 final). 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

Traditional transport solutions are becoming mostly insufficient in achieving and maintaining sustainable 

road and transport systems (Nkoro & Vershinin, 2014). Therefore, developing a sustainable, intelligent 

transportation system requires better usage of existing infrastructures and the seamless integration of 

information and communication technologies (ICT) into green transportation systems (Guerrero-Ibanez et 

al., 2015). In this hour of the module, first, intelligent public transportation system will be introduced. Next, 

the integration of green and intelligent public transportation systems will be explained. 

 

2 – MAIN BODY 

PART 1 – INTELLIGENT PUBLIC TRANSPORTATION SYSTEM 

There are updates and improvements in public transportation systems thanks to the development of 

information technology. However, because of the various disturbances and uncertainties such as extreme 

weather, unstable demand of passengers, traffic conditions, and environmental problems, there is a 
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challenging situation for municipalities and private companies about managing, controlling, and scheduling 

of public transportation system. 

Intelligent transportation systems (ITS) can be defined as a controlled system that uses sophisticated road 

and telecommunication infrastructure to communicate between vehicles and the highway to improve the 

safety, vehicle and road efficiency, as well as adequately manage traffic flow within the road network 

(Nkoro & Vershinin, 2014). As can be seen in Figure 1.a, the integration of emerging technologies into the 

transportation system help to reduce CO2 emissions, improve traffic efficiency and road safety, as well as 

decrease vehicle wear, transportation times, and fuel consumption (Guerrero-Ibanez et al., 2015). ITS 

provides communication and information exchange between each unit of transportation such as people, 

vehicles, infrastructure and the center which control transportation. There are four fundamental principles 

in the integration and adaptation of intelligent systems to the transportation process. These are safety and 

personal security, access and mobility, environmental sustainability and economical development which 

are shown in Figure 1.b (Guerrero-Ibanez et al., 2015). 

 
Figure 1. a) Future trends of intelligent transportation systems; b) impact of emerging technologies on 

ITS. 

Source: Guerrero-Ibanez, J. A., Zeadally, S., & Contreras-Castillo, J. (2015). Integration challenges of 

intelligent transportation systems with the connected vehicle, cloud computing, and internet of things 

technologies. IEEE Wireless Communications, 22(6), 122-128. 

 

In the literature, there are various applications and methods to integrate intelligent technology elements 

into the public transportation system. Although this topic gain importance in the last decade, there are 

several examples around the world which apply intelligent transportation systems (ITS) since the 1990s. As 
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it can be seen in Figure 2, different transportation-related technologies have emerged over the years since 

the mid-1990s. Starting from melody roads to the emergence of vehicle-to-vehicle communications, 

vehicular ad hoc networks, electrified roads, harvesting of energy from roads, self-weighing roads, ITS 

cooperative emergency rescue, methods to capture driving behavior, smart street lights and wireless digital 

traffic signs are trends in transportation for the last two decades. (Toch et al., 2020). Also, Erokhina and 

Brega (2020) propose smart cameras, traffic intensity and navigation sensors, and smart roads as 

components of the intelligent transport system.   

 
Figure 2. Timeline of technology trends related to transportation for the last two decades 

Source: Toh, C. K., Sanguesa, J. A., Cano, J. C., & Martinez, F. J. (2020). Advances in smart roads for future 

smart cities. Proceedings of the Royal Society A, 476(2233), 20190439 

 

Improved communication and connectivity contribute to the efficiency of the transportation process. The 

Internet of things (IoT) which is an information technology based on the Internet and wireless 

telecommunication is very useful to reduce the uncertainty of the system and increase the ability to control 

and manage the system (Luo et al., 2019). For example, the data about the total number of passengers on 

the bus is provided by an automatic passenger counter. The data is used to forecast demand and schedule 

buses and based on these improvements; public transportation is much more technology-oriented. The 

automated system appeared with the use of big data gathered from this technology-based system. In the 

UK Transport Vision 2050 report (2021), automated buses and minibuses in public transportation will be 

implemented with trials by 2025 and become commonplace (40% of those in service) by 2035. 
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PART 2 – INTEGRATION OF GREEN AND INTELLIGENT VEHICLES INTO PUBLIC TRANSPORTATION SYSTEM 

In the scope of the 2030 Agenda for sustainable development by the United Nations, 17 Sustainable 

Development Goals (SDGs) are specified, and these are an urgent call for action by all countries (UN, 2021). 

It is important to take action about green and sustainable transportation. Several countries made research 

on the consistency between existing transportation services and SDGs. Voluntary national reviews (VNRs) 

submitted to the High-level Political Forum (HLPF) in 2021 to understand how countries have connected 

transportation services to different SDGs. Green mobility is represented directly in some SDGs such as SDG 

target 3.6 on road safety, SDG target 9.1 on infrastructure, and SDG target 11.2 on providing access to safe, 

affordable, accessible, and sustainable transport systems and indirectly in seven SDG sub-goals for all and 

expanding public transport which can be seen in Figure 3.  

 
Figure 3. % of VNRs connecting transport with different SDGs. 

Source: SLOCAT. (2021). Transport action and voluntary national reviews 2021: Achieving the Sustainable 

Development Goals in times of change. 2021. Retrieved from https://slocat.net/wp-

content/uploads/2021/10/SLOCAT-2021-VNR-Analysis_Final-Report.pdf 

 

Most municipalities and transportation service companies focus on both intelligent and green public 

transportation systems. There are several differences between traditional urban transportation planning 

and sustainable mobility planning, which can be seen in Table 1. Sustainable mobility provides slowing 

movement down and integration of people and traffic. Also, there is a sustainable transport pyramid in 

which pedestrians and cyclists are at the top and car users are at the bottom. These are considered in the 

integration process of green and intelligent vehicles into urban transportation.  

 

https://slocat.net/wp-content/uploads/2021/10/SLOCAT-2021-VNR-Analysis_Final-Report.pdf
https://slocat.net/wp-content/uploads/2021/10/SLOCAT-2021-VNR-Analysis_Final-Report.pdf
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Table 1. Comparison of the conventional approach and sustainable approach in urban transportation  

 
Source: Banister, D. The sustainable mobility paradigm. Transp. Policy 2008, 15, 73–80. 

 

Recently, the European Commission focuses on applying more use of ITS solutions to achieve more efficient 

management of the transport network for both passengers and businesses. One of the top concerns of 

decision makers and transportation authorities is integrating various transport modes and offering 

seamless mobility. "Mobility as a Service" (MaaS) is a mobility concept that builds on these shared modes 

and advancements in information and communication technology. MaaS is combined vehicles with both 

public and private transportation services. MaaS is based on three components which are ticket and 

payment integration, mobility package and ICT integration (Kamargianni et al.,2016).  

There are several intelligent transportation system tools which can be used for the effective integration of 

green vehicles into the urban transportation system. As it can be seen in Figure 5, the integration of shared 

mobility services, autonomous and connected vehicles, micro-mobility vehicles and intelligent 

transportation systems like smart parking, and real-time traffic management decrease the congestion in 

traffic in urban transportation. 

Micro-mobility is a rapidly growing trend in urban transportation and different types of micro-mobility 

vehicles such as bicycles, kick scooters, pedelecs, e-scooters, and e-bikes can be found in many cities around 

the world. A sustainable transportation system promotes mobility and accessibility over time by addressing 

environmental, economic, and social concerns. McQueen et al. (2021) offer three different elements which 

are applied in the integration process of micro-mobility to the transportation system. Firstly, micro-mobility 

has the potential to reduce greenhouse gas emissions, so municipalities and transportation companies try 

to pursue and encourage citizens to use micro-mobility vehicles. Secondly, micro-mobility is reliable and 



 

136 
 

equitable by providing adequate access to data. Lastly, micro-mobility improves the human experience, 

lowering transportation barriers and emphasizing rider safety.  

 
Figure 5. Future mobility 

Source: Fishman, T.D., 2012. Digital Age Transportation: The Future of Urban Mobility. Deloitte University 

Press, Deloitte Development LLC. 

 

Data from devices installed on public transport, enriched with information about the movement of city 

residents obtained from mobile operators or the unified city fare system – is an invaluable source of 

information that can be used to plan new transport routes or optimize existing ones (Erokhina and Brega, 

2020). In addition to that, passengers have been involved in the green transportation process thanks to the 

integration of intelligent systems. This contributes to increase participation and consciousness. The study 
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conducted by Olaverri (2016) stated that mobile applications as a communication platform are a useful tool 

to encourage passengers about green, efficient and safer road transportation.   

Gamification is one of the best ways to increase the popularity and awareness among passengers about 

green public transportation. For example, local authorities in Sofia introduced a new mobility application 

which is called Sofia Coin to promote green mobility and healthier lifestyles. The app collects data about 

the distance taken by green vehicles or modes, routes of the trip and calculate automatically the carbon 

emissions saved. After specified periods, there is a reward for people who have saved the highest carbon 

emissions. In this example, there is a collaboration between the municipality, local businesses and citizens.  

Applying these new technologies to public transportation services is not enough to get effective results.  

Beyond specific ITS use-cases, applying various information and communication technologies has also a 

huge potential to fundamentally change mobility across the modes, making it safer (e.g. by reducing human 

error in driving), more accessible (e.g. bringing mobility to those who cannot drive themselves e.g. elderly 

or disabled people), more efficient and sustainable (e.g. by making it a lot easier to share vehicles) (EC, 

2020). Coordination of public transportation services through both regional and local stakeholders is also a 

key element. Therefore, Buehler (2018) stated that public transportation agencies and governments will 

endeavor to coordinate with each other about more sustainable and effective services in the region. The 

data gathered from this collaboration is a useful tool to improve services, ticketing, and marketing 

regionally.  

European Commission’s 2013 Urban Mobility Package regulates the concept of the Sustainable Urban 

Mobility Plan (SUMP) to promote innovative, accessible, environmentally friendly and sustainable 

transportation across the European Union. There are 8 different principles of SUMP which include improved 

quality, cooperation and involvement of citizens and stakeholders, performance evaluation and monitoring, 

integration of all transportation modes and improvement in long-term vision and implementation plan. In 

recent years, an increasing number of European cities have begun to implement various types of Urban 

Vehicle Access Regulations (UVARs) to achieve a variety of policy objectives ranging from air quality to 

liveability and infrastructure optimization (EC, 2020). A guide on UVARs to support cities and improve the 

quality of implementation was published in 2019 and it was revised through guidelines on SUMP.  

It has become inevitable to adapt ITS solutions to the SUMPs due to the development of intelligent 

transportation systems. Ertico-ITS Europe (2019) published a report about the integration process of ITS to 

the SUMPs which includes guides and briefings. The focus of the report is to find out the correlation 

between key ITS services which can contribute to the effective implication of SUMPs. There are 13 SUMP 

goals and 15 ITS services which are specified based on usage frequency across EU cities. In the Table 2, the 

level of correlation is shown with X and when the number of X increases, a higher correlation is expected 
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between the SUMP goal and ITS measurement. According to this report, to increase public transportation 

and reduce carbon dioxide prediction, control of traffic management with ITS, fleet management systems 

and electronic payment systems are useful and effective tools of ITS.  

Table 2. The correlation between SUMP goals and ITS measures 

 
Source: ERTICO – ITS Europe (editor). (2019). Intelligent Transport Systems (ITS) and SUMPs – making 

smarter integrated mobility plans and policies. Retrieved from: 

https://www.eltis.org/sites/default/files/the_role_of_intelligent_transport_systems_its_in_sumps.p

df. 

 

3 – CONCLUSION 

The integration of green and intelligent technology into the public transportation system is crucial for the 

achievement of the 2030 Agenda for Sustainable Development and the Paris Agreement on Climate Change 

(UN,2021). The sustainable Urban Mobility Plan was published by European Commission, and it was revised 

with the applications of the European countries and their evaluation. This integration process gained 

importance globally and several guidelines about integration were published to support governments and 

municipalities.  
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Integration of ITS solutions like smart parking, real-time traffic management to shared mobility services, 

autonomous and connected vehicles, and micro-mobility vehicles make mobility safer, more accessible, and 

more efficient. Also, gamification is a useful tool to contribute to the adaptation process of ITS solutions. In 

the fourth hour, intelligent transportation systems and the integration of green and intelligent vehicles into 

public transportation are explained with the help of the Sustainable and Smart Mobility Strategy report by 

the European Commission.  
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HOUR 5: Implementation of green public transportation vehicles into real 

transportation cases: Word Limit Game 
 

AUTHOR INFORMATION 

 

Author(s): Zafer YILMAZ, Gizem Çelik  

E-mail(s): zafer.yilmaz@tedu.edu.tr, gizem.celik@tedu.edu.tr   

 

Teaching Objectives 

The aim is to increase the awareness of participants and the engagement between the participants. 

Learners could ensure a better quality of service delivery and increase the efficiency and effectiveness of 

green public transportation. 

 

https://sdgs.un.org/goals
mailto:zafer.yilmaz@tedu.edu.tr
mailto:gizem.celik@tedu.edu.tr
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Learning Outcomes  

In this lesson, learners will gain an understanding of  

● general concepts and technologies needed for operation optimization in green public 

transportation, and  

● the challenges in integrating green public transportation.  

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however, learners are advised to read; 

● The teaching note which is available on the project website. 

● Supplementary materials given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website.  

 

LECTURE NOTES 

 

1 – INTRODUCTION 

Simulations and games are effective instructional methods to be used in lectures. Mostly, these are team-

based techniques, and they increase the engagement of participants. In this hour of the module, firstly, the 

word limit game will be introduced and played with participants. The word limit game includes a minimum 

of 20 words for each group. Learners will be asked what keywords they remember about this module. Then, 

mentimeter will be used to collect and store these words. 20 words will be chosen from these stored words.  

Next, in-class activity will be introduced. The first example will be made by the instructor, and the focus of 

the activity and the results of the example will be explained. Then, in-class activity will be conducted with 

participants.  

 

2 – MAIN BODY 

PART 1 – WORD LIMIT GAME 

Information Package 

Word limit game includes a minimum of 20 words for each group. These words are specified before the 

lecture hour. In the second hour of the module, the learners will be asked to tell in a minute about the 

keywords they remember about this module and mentimeter will be used to store and analyze these words. 

In the word limit game, these stored words are preferred to be used in the game. If the chosen words as a 

result of the mentimeter are not proper for the game, the example words which can be seen in Table 1 are 

preferred for the game. 
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Table 1. Example words for the game 

Urban 

transportation 

Sustainability Electric vehicle Energy Bus  Electric vehicle 

Public 

transportation 

Mobility Autonomous 

vehicle 

Fuel 

consumption 

Bike Connected 

vehicles 

Smart city Micro-mobility Shared service Traffic 

congestion 

E-scooter Metro 

Passenger 

 

Green vehicle Pedestrian CO2 emission Tram Alternative 

Fuel 

 

Game Playing 

The first 5 minutes are planned for introducing participants to the game and assigning groups. Learners are 

divided into 3 or 4 groups depending on the number of participants.  

 

Then, the lecturer (teacher) offers minimum of 20 words to each group and the number of words depends 

on the number of participants in each group. These words are related to green transportation literature 

and as it mentioned in the information package part, these words are stored words from the in-class activity 

at the beginning of the lecture. If the stored words are not enough for offering minimum 20 words, the 

remaining words are chosen from the Table 1 given above. 

 

Then, the lecturer (teacher) prepares different questions about green public transportation. Three different 

questions are specified and asked in groups. All groups should be worked on the same questions. The 

questions are: 

1) What are the basic elements of green public transportation in your cities? 

2) What are the green public transportation problems in your city and what are your 

suggestions about these problems? 

3) How can municipalities or private transportation companies pursue private car users to 

use green public transportation? 

 

In the next 10 minutes, each group can discuss and prepare their answers by using their defined words. 

Each group answers the same questions by focusing on different points depending on the defined words. 

  

In the next 5 minutes, each group explains the question by using defined words and discusses it with other 

groups.   
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PART 2 – IN-CLASS ACTIVITY  

http://www.ecopassenger.org/bin/help.exe/en?L=vs_uic&tpl=suggestpage 

There is an in-class activity in this part of the lecture. Green House Gas (GHG) Emission is an important 

indicator of climate change and sustainability. Municipalities and governments specify different policies to 

decrease GHG emissions and increase the awareness of citizens.  The department for Business, Energy and 

Industrial Strategy of the UK Government has published a conversion factor report which demonstrates 

GHG emissions of different industries. According to this report, Table 2 demonstrates GHG Emissions 

depending on the type of fuel and size of the engine. Vehicles are divided into three groups: cars, 

motorbikes, and public transportation vehicles. An in-class activity is conducted individually to increase 

consciousness about GHG emissions. First, the below tables are shown to the learners and a brief 

explanation is conducted to facilitate learning. Then, learners will be asked how many kilometers they travel 

by vehicle on average per day.  

 

Table 2. GHG Emission by type of vehicle 

      

Diesel Petrol Hybrid CNG LPG 

Plug-in 

Hybrid 

Electric 

Vehicle 

Battery 

Electric 

Vehicle 

Activity Type Unit kg CO2 kg CO2 kg CO2 kg CO2 kg CO2 kg CO2 kg CO2 

Cars (by 

size) 

Small car km   0,14024    0,15301    0,10409      0,02918   0,0      

Medium 

car km   0,16877    0,19158    0,10764    0,15972 0,18016 0,07040 
  0,0      

Large car km   0,20763    0,28225    0,13022    0,23531 0,26541 0,07685   0,0      

Average 

car km   0,17152    0,18014    0,11346    0,17599 0,19851 0,07033 
  0,0      

a) GHG Emission by car size and type of fuel 

 

Activity Type Unit kg CO2 

Motorbike 

Small km   0,08241  

Medium km   0,10004  

Large km   0,13308  

Average km   0,11314  

b) GHG Emission by motorbike size 

 

http://www.ecopassenger.org/bin/help.exe/en?L=vs_uic&tpl=suggestpage
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c) GHG Emission by type of public transportation vehicles 

Source: Department for Business, E. &amp; I. S. (2022, January 24). Greenhouse gas reporting: Conversion 

factors 2021. GOV.UK. Retrieved from https://www.gov.uk/government/publications/greenhouse-gas-

reporting-conversion-factors-2021. 

 

The first example will be done by the instructor through an excel sheet. As it can be seen in Table 3, there 

are different vehicle options and each option have a specific kilogram of CO2 per kilometer. Kilometer taken 

per day is written in the second column first line. Then, the total kilogram CO2 for each type of vehicle 

depending on this kilometer data will be calculated automatically on an excel sheet. Next, each learner will 

give kilometer data taken per day and the result table will be renewed. The numbers will be analyzed and 

discussion based on these will be conducted with the participation of learners. 

 

Table 3. The result table of in-class activity 

Distance (km) 18 kg CO2 

My Vehicle Petrol 3,448 

Motorbike   0,10004  1,801 

My New Vehicle   0,0704   1,267 

Bus - Local Bus   0,15726  2,831 

Bus - Coach (for longer 

distances)   0,03     0,540 

Train - Light Rail   0,0768   1,382 

Train - Tram   0,0768   1,382 

Train - National Rail   0,0534   0,961 

Train - Subway   0,07414  1,335 

Taxi   0,1523   2,741 

 

https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2021
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2021
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3 - CONCLUSION 

The transportation needs of people are growing due to the increasing population of urban areas.  More 

vehicles in the traffic will cause more pollution due to CO2 emissions. However, the global action taken 

through sustainable development goals and climate change emphasizes the importance of CO2 emission 

and both governments, municipalities and private transport companies contribute to precautions to be 

taken to reduce it. Citizens should be informed about the side effects of CO2 emissions.  

The objective of the game playing is to increase the awareness of participants and increase the engagement 

between the participants. Word-limit games and in-class activities are effective tools for this objective. 

Through the in-class activity, participants would realize that there is higher CO2 emission with private 

vehicles, whereas the emission would decrease with public transportation vehicles. 

 

HOUR 6: Using information systems, efficient transportation methods and tools (i.e. 

GIS) in public transportation network planning 
 

AUTHOR INFORMATION 

Author(s): Zafer YILMAZ, Gizem Çelik  

E-mail(s): zafer.yilmaz@tedu.edu.tr, gizem.celik@tedu.edu.tr   

 

Teaching Objectives 

The aim is to introduce core features of information systems and technologies for green public 

transportation 

 

Learning Outcomes  

The learners will be able to explain the role and functions of underlying information systems in supporting 

green public transportation. They will be able to recognize and evaluate technologies and information 

systems across various green public transportation modes. 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however, learners are advised to read; 

● The teaching note is available on the project website. 

● Supplementary materials are given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website.  

mailto:zafer.yilmaz@tedu.edu.tr
mailto:gizem.celik@tedu.edu.tr
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LECTURE NOTES 

 

1 – INTRODUCTION 

Information system has different definitions based on the research area. In the business literature, 

generally, it is a system that includes collecting, processing, storing and distributing information to promote 

the decision-making process (Laudon & Laudon, 2011). Transport information systems stores data about 

traffic, vehicles, and usage of different types of transport (Stankov & Stefanova-Stoyanova, 2021). Transport 

information systems can be subdivided into information systems for passenger and cargo transportation, 

logistics information transport systems, automation systems for commercial roads, etc (Zhelenkov et al., 

2022). There are different applications of transport information systems.  

 

 

2 – MAIN BODY: INFORMATION SYSTEMS IN PUBLIC TRANSPORT IN (SMART) CITIES 

2.1 Data analysis and real-time management     

Data is the most important resource of every company today, including those involved in public 

transport. In order to be abreast with modern technology, the company must be up to date with real-time 

data. Companies can use updated data to collect information and sell their products and services if their 

data is recorded in real-time (Axual, 2020). Data environment is supported with different elements in public 

transportation. For example, data gathered from mobile devices, weather applications, infrastructure 

status data, location data are some elements of this data environment, which can be seen in Figure 1.  

To ensure continuous data outputs, the data inputs must flow continuously. For example, a system for 

monitoring traffic in real-time, such as systems based on automated monitoring of vehicle location via GPS, 

collects data in real-time to show traffic jams.  

Real-time data processing is a method used when data entry requirements need to be met quickly and it 

begins with receiving data. Data entry can be single or multiple. After receiving the data, the computer 

sends a query about what to do with the given data. Different scenarios can occur in this sequence, and 

each possible outcome needs to be programmed (Axual, 2020). The system then adapts to the scenario and 

takes steps accordingly. Once the steps are taken, the output is displayed immediately. All these steps are 

done in a few seconds.  

Real-time information about services can be a useful tool for persuading customers to switch from private 

to public transportation. Information systems related to the current vehicle location, next stop and 

expected arrival times, and in more advanced applications, occupancy rate and the possibility of planning 

routes/lines interactively in bus stops and intermodal stations, can increase the efficiency of public 

transportation (Macedo et al., 2021). 



 

147 
 

 
Figure 1. Data sources 

Source: National Operations Center of Excellence, 2021  

 

 

2.2 Fleet management system     

The fleet management system represents the organization and coordination of public transport 

vehicles with the help of modern technological solutions. Effective fleet management can help reduce costs 

and improve vehicle efficiency. As it can be seen in Figure 2, typically, fleet management consists of tracking 

vehicle location and mechanical information, as well as drivers’ monitoring systems, all using a series of 

built-in sensors to collect data wirelessly (Samspon et al., 2019). The vehicle is connected to the operational 

base where all the necessary information is sent and then processed to achieve quality service for 

passengers. 
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Figure 2. Fleet management system modules  

Source: Tech Moukthika, 2016 

 

2.3 Passenger information system  

Passenger Information System (PIS) is one of the main ways to improve the passenger experience and their 

main goal is to provide accurate information to public transport users and other participants promptly so 

that vehicle routes can be adapted according to this information. These systems can operate through a 

variety of computer terminals, mobile devices such as smartphones, and in-vehicle devices. These systems 

are important as passengers can be informed of any changes in real-time, and they can be informed about 

alternative options based on their preferences. Passengers can be informed about situations that may 

affect their traveling decisions (e.g. weather changes, price changes, etc.). In smart cities, the passenger 

information system should be understood as a key element in the public transport strategy given that these 

systems supply passengers with direct information. Figure 3 demonstrates the information flow on PIS 

through public transportation system. These systems are important in planning the routes, but also in 

reducing uncertainty for passengers in case of possible delays or changes in routes. 

Providing the correct information is essential in offering users a seamless and worry-free experience using 

public transportation. Active modes of public transport (such as cycling) are often forgotten when collecting 

the data but they have one of the greatest impacts on sustainable mobility (Samspon, 2019). 
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Figure 3. Possible forms of PIS  

Source: Saman control, 2018 

 

2.4 Real-time vehicle monitoring     

A real-time vehicle tracking system allows real-time vehicle and driver tracking using any device connected 

to the internet. This is a very simple system as it enables reliable real-time information for providers of 

public transport without the use of additional software. 

A real-time vehicle tracking system also records data on vehicle behavior in traffic. The system identifies 

where the vehicle has stopped and at what time. This system has map views showing all the trips and routes 

that took place on a given day, with all directions and speed marks. In this way, it is possible to easily 

improve and adapt routes to current needs. In Figure 4, the real-time location data of public transportation 

vehicles is gathered from a satellite, and it is delivered to a cloud server through wi-fi. Then, updated bus 

location is demonstrated on the application for the users. 
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Figure 4. An example of a real-time vehicle tracking system 

Source: Saad et al., 2018 

2.5 Autonomous vehicle public transportation system    

Autonomous vehicles (AV) are vehicles operating without the need for human intervention in a way that 

senses the environment, detects and classifies objects and identifies the navigation paths. The US 

Department of Transportation classified autonomous vehicles into six levels: Level 0 – no autonomy, Levels 

1-3 – the driver has primary control over the vehicle and vehicle autonomy is partially used, and Levels 4-5 

– the vehicle is completely autonomous. 

The AV conc–pt first appeared in the 1920s and has been researched for more than 30 years. The AV system 

is equipped with a large number of sensors, including rangefinders, side and front radars, high-resolution 

cameras, GPS modules, gyroscopes and more. Figure 5 shows the details of the autonomous bus 

architecture. These systems give the vehicle full sensory capability to be able to adapt to the environment 

and have fully automated control. In 2007, the DARPA Urban Challenge raised awareness of the possibilities 

of AV systems in traffic and their performance in complex manoeuvres. In 2010, ViSLAB conducted an 

experiment in which several vehicles without drivers successfully travelled 13,000 kilometers from Italy to 

China. Numerous studies have made it possible that by the end of 2013, several countries prepared legal 

frameworks that allowed Avs to operate on roads (Lam et al., 2014).   

Avs offer an opportunity for governments, transport companies and agencies to improve the efficiency, 

competitiveness, safety, accessibility and reliability of current public transport services (Baxter, 2020). Avs 

improve traffic safety by avoiding bad driving and distracted drivers. Research has shown that autonomous 

public transport vehicles pose a lower risk of accidents compared to conventional vehicles (e.g. Portouli et 

al., 2017). 
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Figure 5. Autonomous bus architecture  

Source : Montes et al., 2017 

 

2.6 Geographic Information System (GIS) in public transportation    

GIS is a decision support system that enables operations such as collecting, storing, updating, controlling, 

analyzing, and displaying information about the earth for a specific purpose. The most important capability 

of GIS in urban perspectives is simulation modeling, which supports planning and decision making 

(Abdullahi et al., 2015). With its arc and node structure of GIS, it represents the one-dimensional network 

object about the two- (or three-) dimensional surface of the earth in the application of transportation 

systems (Thill, 2000). There are four major components of GIS in transportation which can be seen in Figure 

6. Each component has a different assignment to support the system.  

With the growth of urban areas, the optimization of public transportation networks is a compelling problem 

for municipalities and transport companies. There is an increase in the number of stops on the public 

transportation line and the distance between the points while decreasing the speed of the vehicles 

operating on the line because of raising urbanization (Buczek et al., 2018). To deal with these problems, GIS 

is a useful tool which can be used in public transportation planning and operations. 
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Figure 6. GIS and Transportation 

Source: Shaw & Rodrigue, 2006. 

 

3 - CONCLUSION 

Modern information systems are used in public transport in many ways, and each of them has the purpose 

of facilitating and improving public transport for citizens. According to the literature, enhancing information 

quality and accessibility can raise citizens' satisfaction with using public transportation. Using modern 

information systems in public transport has many advantages. Some modern information systems make it 

easier to plan travel routes, and some increase passenger safety and reduce gas emissions into the 

atmosphere, thus promoting sustainable public transport in a (smart) city.  
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HOURS 7 & 8: Business Model CANVAS: Discussions on green public transportation 

alternatives in smart cities 
 

AUTHOR INFORMATION 

 

Author(s): Zafer YILMAZ, Gizem Çelik  

E-mail(s): zafer.yilmaz@tedu.edu.tr, gizem.celik@tedu.edu.tr   

 

Teaching Objectives 

 

Learning Outcomes  

At the end of the lesson, learners will be able to:   

● compare a Business Canvas Model with a Lean Canvas Model   

● prepare a Business Canvas Model for their new idea.    

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however learners are advised to read; 

● The teaching note which is available on the project website. 

● Supplementary materials given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.   

● Isaac Jeffries; Building A Strong Business Model; A guide for startups, social enterprises and boards 

who want to change the World 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

This hour of the module is based on introducing Business Canvas Model and Lean Canvas Model. During 

this hour, learners will have the opportunity to evaluate different types of business models what they are 

used for or the different purposes they serve. This module will provide a wide perspective and knowledge 

for the learners, on how they can utilize the business Canvas model to develop a new idea by providing a 

simple and effective tool. 

mailto:zafer.yilmaz@tedu.edu.tr
mailto:gizem.celik@tedu.edu.tr
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2 – MAIN BODY 

PART 1 –What is Business Model? 

The business culture in the global market is changing not only with the expectations and needs of the 

customers/societies, but also with technological developments. This leads to the emergence of customized 

business models according to the activities of each different structure, institutions such as entrepreneurs, 

companies, public institutions, NGOs, etc. 

There are existing many different definitions for "business" and "business models". Business can be defined 

as a corporation making money by engaging in financial, commercial, industrial, and/or professional 

activities (by producing or buying and selling products) to meet the needs/expectations of 

customers/societies. Up to now, many definitions have been developed for "business models". In the scope 

of "Business Model Innovation with Customer Value Co-Creation" master thesis prepared by Daniel 

Schaubmair, BSc; some definitions are categorized1. 

                                                           
1 Daniel Schaubmair; Business Model Innovation with Customer Value Co-Creation;2022, sy.25  
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A business model can be accepted as a plan which describes the instruments and strategies oriented in 

managing activities of the corporation to generate income. A business model canvas is a visualization tool 

that defines and clarifies different components to assess business ideas or concepts. the business model 

canvas, which was developed by Alexander Osterwalder in 2005 based on his earlier work on business 

model ontology, contains nine blocks such as a firm's or product's value proposition, infrastructure, 

customers, finances, etc. that represent different elements of a business. Since it was released in 2008, 

many different canvases have been developed according to the specific niches for the different types of 

sectors and/or corporations. Then, Ash Maurya adapted Alexander Osterwalder's Business Model Canvas 

and made it more applicable for lean startups. The detailed information about the elements in lean canvas 

and the proposed fill order for that can be seen in Figure 1.  

 
Figure 1. Lean Canvas by Ash Maurya. 

 

PART 2 – Case Study 

In this hour of the module, Lean Canvas model by Ash Maurya is applied to participants. The learners will 

establish a group that consists of 3-4 learners and then prepare their own "Business Canvas Model for the 
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new idea". First, each group makes brainstorming to specify the problem and discuss the solution for that 

problem. Then, each group will work on the sections of the business canvas model. 

There are nine sections on the business canvas model. In the next parts below, proper examples are given 

for each section in order to increase the understandability. 

2.1 Problems 

● Traffic movement and congestion (the rapid growth in private car ownership) 

● Public transport crowding at peak times (person congestion) 

● Difficulties for pedestrians (traffic speed and volume) 

● Parking difficulties 

● Off-peak inadequacy of public transport (Public transport should operate based on the demand of 

the hour. For example, if it operates based on the demand of peak hour, there will be lower 

demand at the off-peak hour and this is not economically employed.) 

● Environmental impacts (traffic noise, air pollution) 

● Public transportation coordination problems (there is no connection between the public 

transportation options. For example, if a passenger took the bus and metro and tram, the data in 

the public road transportation is not transferred through railway transportation) 

● Mobility barriers 

● Slow updates on the conversion of buses and coaches to sustainable fuel technologies (for 

example, the late adaptation process of hybrid electric buses and the use of biofuels are two 

examples.) 

● Land use (A land use strategy that puts people near their destinations and provides them with 

multiple ways of travel, including easy walking, can reduce driving) 

2.2 Customer Segments 

● Local citizens  

● Tourists and travellers 

● Students 

● Young people 

● Elderly people 

● Working class 

● Disabled people 

● Eco-enthusiasts 

● Food vendors 

● Regular and occasional users 

2.3 Unique Value Proposition 

● Ease to access more passengers 
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● Freedom to choose transportation vehicle (Fit for purpose) 

● Safety and security (to encourage users to change their transportation habits) 

● Lower prices than normal taxi serve (Minute-based pricing for public transportation) 

● Integrated mobility (Digital-hyper connectivity) 

● 24/7 availability and dedicated parking spaces in strategic points in cities 

● To provide dock or dockless services 

● The multi-vendor platform that integrates end-users with mobility service providers and 

entertainment 

● Integrate planning and payment (the possibility of renting a vehicle through Mobility as a Service 

(MaaS) platforms 

● To improve quality of life, to provide healthy and accessible means of transport 

 

2.4 Solutions 

● Pedestrian-friendly design (creating priority lanes for vehicles, continuous sidewalks, appropriate 

buffering systems from traffic) 

● City-wide shared mobility services 

● Encourage micro-mobility 

● Adequate road capacity 

● Neotraditional street planning (by focusing on pedestrians and cycle) 

● Door-to-door mobility  

● Open-shared mobility systems 

● Fully electrified car sharing 

 

2.5 Unfair Advantage 

● Lower price or lower running costs 

● Safety protocol 

● Customer database 

● Helps to solve road congestion 

● Providing a first and last-mile solution 

● Free parking 

● Reduced noise pollution 

● Improved traffic condition 

2.6 Revenue Streams 

● Service advertisement 

● Fixed contracts with service providers 
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● Fixed contracts with end-users 

● Transportation service outsourcing (cities, governments) 

● Tailored new service development to private companies (mobility consulting) 

● Usage fee (scooter share charge time based) 

● Subscription fees 

2.7 Cost Structure 

● Fleet management 

● Marketing and brand creation 

● Platform design and development 

● Customer support 

● ICT operations and applications 

● Personnel costs (salaries) 

● Payment transaction fee and ticket initiation fee 

● Platform maintenance and customer relations 

● Physical infrastructure costs 

● Insurance 

2.8 Key Metrics 

● Fleet development and management (its location and allocation) 

● Platform management 

● Customer service and customer support 

● R&D activities 

● Urban development 

● Expanding the offer to new urban transport systems 

● Viral marketing 

● Provision of vehicle data 

2.9 Channel 

● Website/platform 

● Mobile applications 

● App Store, Google Play 

● Social media profiles 

● Touchpoints that are different depending on the user group 

● Invitation codes 

● Emails 

● Newsletter 
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For example, as can be seen below, the business canvas model for an application which is used to increase 

the number of citizens using public transportation and the awareness of green vehicles is suggested. Firstly, 

the problem is defined as low benefit in using public transportation, increase in the private car users which 

cause congestion in urban mobility, and inadequate awareness about green vehicles. Based on these 

problems, the other parts of the business canvas are specified and fulfilled with proper answers. In this 

example, citizens or users get mobility information from the application and, if they choose the green way 

of transportation, they will be rewarded through the application. In this way, people are encouraged to use 

the application and choose the greener way of mobility. 

 

 

 

  

Increase in the 
number of private 
car users 

Low benefit in  
using public 
transportation 

Inadequate 
awareness about 
green vehicles 

Using green  
vehicles and 
information 
systems in public 
transportation 

Green points 
applications 

Green points 

applications: reward 

and recognition 

program that allows 

users to receive 

exclusive information, 

promotions, real-time 

information based on 

their profile and 

location 
Number of citizens 
using public 
transportation 

Number of app 
downloads 

Partnership with 
local businesses 
and municipalities 

Safety protocol 
Customer database 

App store 
Websites 
Billboards 

Citizens using 
public 
transportation 

Tourists and 
travelers 

  

Development of the platform 
Supplies and services 
Marketing and promotion 

 

Fee from suppliers 
Publicity 

 



 

161 
 

MODULE #5: INTERMODAL GREEN PUBLIC TRANSPORT PLANNING  

HOUR 1: Domains of the mobility system performance 
 

AUTHOR INFORMATION 

 

Author(s): Dorinela Costescu, Sergiu Olteanu 

E-mail(s): dorinela.costescu@upb.ro, sergiu.olteanu@upb.ro    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to introduce core domains of the sustainable 

mobility performance. 

 

Learning Outcomes  

At the end of the lesson, learners will be able to:  

● Discuss the necessity of developing all transport modes in an integrated approach. 

● Explain the domains of sustainable mobility performance. 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

reading materials are advised to learn about the concepts introduced during the course.  

● Rupprecht Consult (Ed.) 2019. Guidelines for Developing and Implementing a Sustainable Urban 

Mobility Plan. Second Edition. 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

Module Overview 

1.1. Module Objectives 

mailto:dorinela.costescu@upb.ro
mailto:sergiu.olteanu@upb.ro
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The module introduces core concepts of intermodal public transport and different intermodal services as a 

sustainable mobility solution. In this course, learners will gain an understanding of the criteria to assess 

options for intermodal mobility services.  

The course will also introduce the main characteristics of different transport modes and relate them to 

different types of travel and mobility needs.  

Learners will gain information about models applied to evaluate the accessibility of the public transport 

network and potential measures to increase accessibility. 

The course will allow participants to identify measures to increase the attractiveness of intermodal public 

transport. 

1.2. Learning Outcomes 

Upon successful completion of this module, learners will be able to: 

● Discuss the role of intermodal public transport in a smart city environment. 

● Explain the advantages and disadvantages of intermodal public transport. 

● Explain models applied to assess the accessibility of the public transport network. 

● Outline technical solutions for intermodal public transport. 

● Recommend measures to increase the attractiveness of intermodal public transport. 

1.3. Module Structure 

The module is organised as follows: 

I. Introduction: Domains of the mobility system performance. Intermodality in the guiding principles 

of sustainable mobility planning. 

II. The role of intermodal public transport in smart cities: Definitions. Functions of intermodal public 

transport. 

III. Key components of intermodal urban mobility system: Intermodal service characteristics. Levels 

of integration for intermodal urban mobility development. Examples of intermodal mobility 

systems. 

IV. Particularities of the intermodal public transport: Characteristics of different transport modes 

Complementarity relations between different categories of services. Examples. 

V. Design and optimisation of the intermodal public transport network: Optimisation objectives. 

Assessment of urban public transport accessibility. Measures to enhance public transport 

accessibility through intermodal technologies. 

VI. Measures to increase the attractiveness of intermodal urban mobility. 

 

2 – MAIN BODY 

Domains of the Mobility System Performance 

2.1. Sustainable Mobility Outline 
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Mobility requirements are evolving all over the world. People's travel habits are changing, and a mix of 

transport modes and services are offered. Transport operators will have to satisfy the demand for 

increasingly convenient, fast, and predictable services. At the same time, users must become more 

concerned about the sustainability of their mode of travel. 

Mobility brings many benefits for its users, but with costs for our society. These include greenhouse gas 

emissions, air, noise, and water pollution, but also accidents and road crashes, congestion, and biodiversity 

loss – all of which affect our health and wellbeing. The European Green Deal calls for a 90% reduction in 

greenhouse gas emissions from transport. The EU will become a climate-neutral economy by 2050 while 

also working towards a zero-pollution ambition. To achieve this systemic change, we need to (COM 2020):  

● make all transport modes more sustainable,  

● make sustainable alternatives widely available in a multimodal transport system, and  

● put in place the right incentives to drive the transition.  

These are the three pillars of future actions.  

At the urban level, the concept of Sustainable Urban Mobility Planning (SUMP), as defined in the Urban 

Mobility Package, is based on eight guiding principles (Rupprecht Consult 2019): 

 

1. Plan for sustainable mobility in the "functional urban area" 

2. Cooperate across institutional boundaries 

3. Involve citizens and stakeholders 

4. Assess current and future performance 

5. Define a long-term vision and a clear implementation plan 

6. Develop all transport modes in an integrated manner 

7. Arrange for monitoring and evaluation 

8. Assure quality. 

According to SUMP principles, urban mobility performance must consider three areas: the public transport 

system, the mobility system, and the urban system (Figure 1).  

On the one hand, technological advances continuously bring new opportunities for urban socio-economic 

activities, changing people's values, behaviours, and expectations. Consequently, mobility needs are 

evolving. The performance of the mobility services results not only from the quality of the existing offered 

services but also from the accessibility provided to various places of interest (jobs, schools, social and 

cultural services, etc.).  

On the other hand, demand for services to increase convenience, speed, and predictability and evolving 

customer expectations toward individualisation will require mobility service supply extension and business 

model transformation (Van Audenhove et al., 2014). Public transport is only an alternative that can be 

chosen to satisfy mobility demands.  
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Figure 1. Domains of the mobility system performance  

Source: Costescu & Stere, 2020 

 

Thus, to achieve sustainable goals, cities with a high proportion of individual motorized transport need to  

● Redesign their mobility systems (defined by the set of infrastructures, travel patterns and related 

services, as well as the offer of parking spaces) to become more orientated towards public 

transport. 

● Integrate the travel value chain to encourage smooth, intermodal mobility and increase public 

transport's overall attractiveness by service extension. 

Based on the previously defined objectives, this module introduces core concepts of intermodal public 

transport and different intermodal services as a sustainable mobility solution. 

 

2.2. Particularities of Different Local Transport Systems 

 

Case study: Urban Transport Inspiration. The Netherlands (Video)2 

                                                           
2 E.g.: Urban Transport Inspiration. The Netherlands. https://www.youtube.com/watch?v=kNHe5PFdcFA  or  

4th SUMP Award (Utrecht) - DG MOVE. https://vimeo.com/260423639  

https://www.youtube.com/watch?v=kNHe5PFdcFA
https://vimeo.com/260423639
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The Netherlands has a high-quality of cycle facilities across almost all urban areas, with some cities 

gaining very high cycle mode shares for urban trips. The video exemplifies the domains of the mobility 

system performance: 

● Urban system. Urban planning supports the use of public transport and active travel. Compact 

urban development: high-density development surrounds public transport networks and stations; 

urban growth is contained on the edge of the urban area so that cities cannot sprawl. 

● Mobility system. Use of the street – space is given to cyclists and pedestrians rather than the private 

car. 

● Public transport system. Transport journeys are well integrated.  

In conclusion, the video examines cities providing sustainable urban mobility: low carbon, socially 

inclusive, supporting city economies and high quality of life. 

Discussion:  

It is essential to develop urban mobility systems adapted to the local requirements and aspirations but 

consistent with global sustainability objectives. Discuss some particularities of different local mobility 

systems: 

● How does the mobility system function in your city – what are the main means of travel; what are 

the main problems and opportunities? 

● Identify some of the impacts of the mobility system in your city. Argue the positive and negative 

effects. How might you alleviate the negative consequences? 

 

3 - CONCLUSION 

• Based on the SUMP principle "Develop all transport modes in an integrated manner", the mobility 

solutions have to encourage balanced and integrated development of all modes to improve the overall 

mobility system's quality, security, safety, accessibility, and cost-effectiveness. 

• The mobility system performance must consider three domains: the public transport system, the 

mobility system, and the urban system. Public transport is only one option that can be chosen to satisfy 

mobility demand. Public transport must be integrated into a mobility system (defined by the set of 

infrastructures, travel patterns and related services, as well as the offer of parking spaces). 
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HOUR 2: The role of the intermodal public transport 
 

AUTHOR INFORMATION 

 

Author(s): Dorinela Costescu, Sergiu Olteanu 

E-mail(s): dorinela.costescu@upb.ro, sergiu.olteanu@upb.ro    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to explain the role of intermodal public transport. 

 

Learning Outcomes  

At the end of the lesson, learners will be able to: 

● Define the intermodal public transport for passenger mobility services. 

● Discuss the role of intermodal public transport. 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

reading materials are advised to learn about the concepts introduced during the course.  

mailto:dorinela.costescu@upb.ro
mailto:sergiu.olteanu@upb.ro
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● Gebhardt L. et al. 2017. Intermodality – key to a more efficient urban transport system? ECEEE Summer 

Study Proceedings. Part 4. Mobility, transport, and smart and sustainable cities. 4-071-17. 759 – 769. 

● Luk J., Olszewski P. 2003. Integrated public transport in Singapore and Hong Kong. Road & Transport 

Research 12(4) 41-51. 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

Technological progress and the economic and social environment dynamics lead to changing mobility 

needs. Modifying travel practices, increasing the pressures for fast and predictable services, and expanding 

the demands of users for individualised offers determine requirements for diversifying the mobility supply 

in an integrated framework that meets the objectives of sustainable development. In this framework, 

intermodal public transport plays a significant role. 

This topic introduces the definitions of multimodality and intermodality in urban mobility systems, 

according to Eltis SUMP Glossary (Eltis 2019.b). Then, the functions of public transport are presented. Based 

on them, the functions of intermodal public transport are discussed. The role of intermodal public transport 

in sustainable mobility is emphasised. 

 

2 – MAIN BODY 

The Role of Intermodal Public Transport in Smart Cities 

 

2.1. Definitions 

A variety of documents and studies on the integration of transport modes use terms such as intermodal, 

multimodal, and door-to-door mobility, in general, with different meanings for the movement of people 

and goods. Even though these terms have yet no standard defined, this module uses the definitions 

provided by Eltis (2019.b). As this module refers to mobility solutions for passengers, we will clarify the 

definitions only in this regard (Figure 1). 

 

Multimodality refers to selecting alternative transport modes for different trips over a certain period (e.g., 

a day or week). Multimodality is a critical term in the sustainable mobility context. It represents a modern 

intelligent approach to mobility, contrasting with the use of private motor vehicles for most trips. A SUMP 

should foster multimodality by creating highly accessible, convenient, safe, and fast connections for 

sustainable modes of transport (Eltis 2019.b). 
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In the freight and logistics domain, the term multimodal often refers to situations where goods are 

transferred using several modes (e.g., ship, train, lorry etc.). It is the equivalent of intermodality for 

passenger transport. 

 

Intermodality relates to improving the efficiency and attractiveness of a single trip made with more than 

one transport mode (e.g., walking, metro, and bus) to offer travellers a seamless journey. It requires the 

formation of integrated transport systems through harmonising different transport services and the design 

of organised connections between different transport modes, such as in park-and-ride (Eltis 2019.b).  

 

Luk and Olszewski (2003) recommended using the term "integrated public transport" instead of 

"intermodal transport", which was commonly used to transport goods. The term "integrated public 

transport" is generally defined as a system that provides door-to-door public transport services for 

passengers (Janic and Reggiani 2001 quoted by Luk and Olszewski 2003). But in this module, we prefer to 

use the term "intermodal transport", which is already used in numerous studies dedicated only to passenger 

transport. 
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Figure 1. Multimodal and intermodal mobility schemes 

 

2.2. Functions of Intermodal Public Transport 

 

Sustainable mobility solutions should seek to stimulate the balanced development of the transport modes 

while encouraging a shift towards more sustainable modes (Eltis 2019.b).  
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According to the SUMP principle, "Develop all transport modes in an integrated manner", the mobility 

solutions must encourage balanced and integrated development of all modes to improve the overall 

mobility system's quality, security, safety, accessibility, and cost-effectiveness.  

Intermodal public transport (IPT) aims to combine the strongest points of different mobility options in terms 

of accessibility, mode of transport, and travel preferences, to accomplish an optimal efficiency level. 

Considering the functions of public transport (Table 1) (Litman 2015, Faivre d'Arcier 2012, Negre 2008), 

intermodality has an essential role in (Figure 2): 

● making public transport more efficient 

● making non-motorised trips more competitive and attractive for users 

● enhance the quality of the urban environment. 

 

Table 1. Functions of the public transport and criteria for performance assessment 

Functions of public transport  Criteria for assessment of public transport performances 

I. Spatial accessibility of 

the inhabitants for work, 

commerce, health care, study, 

leisure, etc. (through an 

adapted service offer) 

• Spatial coverage by public transport lines 

• Temporal access (frequency adapted to demand, minimal 

frequency of regular services, adapted frequency in periods with 

temporal peaks of demand) 

• Intermodal integration (ensuring continuity and stability of trips) 

II. Accessible transport 

to all inhabitants 

• Ensuring access for people with reduced mobility  

• Supporting the access of people with low income 

III. Reducing individual 

motorised travel by 

increasing the attractiveness 

of the public transport 

• Adequate comfort in vehicles and in access points (station, stops, 

transfer ways) 

• Appropriate passenger information system on operating hours, 

conformity with schedules  

• Guaranteeing the functional reliability of the network  

• Ensuring the trustworthiness on service operating (no frequent 

incidents, strikes, etc.) 

IV. Ensuring 

communication relations 

with passengers and the 

urban community 

• Recording and considering suggestions and complaints 

• Transparent administration adapted to mobility requirements 

 

V. Improving the 

quality of the environment 

• Dynamics of local and global levels of environmental impact 
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by limiting negative 

externalities 

VI. Ensuring an 

economical operation, 

acceptable for passengers 

and community 

• Ensuring the permanence of the inheritance of the public 

transport system  

• Guaranteeing the financial support of the service (distribution of 

sources of income and expenses for the preservation of the 

operation) 

• Ensuring a good quality/social cost ratio  

 

 

 
Figure 2. The role of the intermodal public transport 
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2.3. Multimodal and Intermodal Solutions for Different Types of Trips 

 

2.3.1. Case study: Greater Manchester: Using SUMP to make urban mobility multimodal (Video)3 

Greater Manchester region (United Kingdom, Western Europe) is a large polycentric city region of 2.79 

million residents. Greater Manchester faced urban mobility problems (common to many metropolitan 

areas), such as a high number of individual car trips causing traffic jams and deteriorating air quality. The 

approach Greater Manchester chose was to plan for all modes to reduce the modal share of the private car. 

In 2019, Greater Manchester set out the goal to improve the transport system so that by 2040, 50% of all 

journeys are made by public transport or active travel, supporting a reduction in car use to no more than 

50% of daily trips (Eltis 2019.a).  

Greater Manchester Transport Strategy 2040 have established seven principles to improve the transport 

system and ensure that it meets the needs of all customers - residents, businesses and visitors (Transport 

for Greater Manchester (2019): 

● Integrated 

● Inclusive 

● Healthy 

● Environmentally Responsible 

● Reliable 

● Safe and Secure 

● Well Maintained and Resilient 

In conclusion, the video emphasises public transport functions and exemplifies a best practice of 

sustainable urban mobility planning. 

 

2.3.2. Discussion  

Delivering an integrated transport system is essential in enabling people to live productive and fulfilling 

lives, thriving communities and neighbourhoods, economic growth, and a green environment and 

sustainable future. Discuss some available alternatives for mobility services: 

● Give an example of an Origin – Destination trip specifying the trip purpose, the distance, and the 

usual trip frequency (daily, occasionally…).  

● What are the travel options?  

                                                           
3 E.g., Greater Manchester, winner of the 7th SUMP Award. https://www.youtube.com/watch?v=hnv0vNq6B-

Q&t=13s  or 

Greater Manchester, finalist of the 7th SUMP Award. https://www.youtube.com/watch?v=BkgfMaEjlCs  or 

Greater Manchester 2040: The Way Ahead. https://www.youtube.com/watch?v=cl6fiVWFNTY  

https://www.youtube.com/watch?v=hnv0vNq6B-Q&t=13s
https://www.youtube.com/watch?v=hnv0vNq6B-Q&t=13s
https://www.youtube.com/watch?v=BkgfMaEjlCs
https://www.youtube.com/watch?v=cl6fiVWFNTY
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● What modes of transport and/or mobility services can be used? 

● What are the main benefits and inconveniences of each travel option? 

 

3 - CONCLUSION 

• Terms such as intermodal, multimodal, and door-to-door mobility are used for different meanings for 

the movement of people and goods. According to the most representative European documents 

regarding sustainable urban mobility, we use the term "intermodality" for trips made with more than 

one travel mode (e.g., walking, metro, and bus). 

• Intermodal transport aims to combine the strongest elements of different mobility options in terms of 

accessibility, mode of transport, and travel preferences, to accomplish an optimal efficiency level. 

• Intermodality has an essential role in: 

o making public transport more efficient 

o making non-motorised trips more competitive and attractive for users 

o enhance the quality of the urban environment. 
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HOUR 3: The Key Components of the Intermodal Urban Mobility System 
 

AUTHOR INFORMATION 

 

Author(s): Dorinela Costescu, Sergiu Olteanu 

E-mail(s): dorinela.costescu@upb.ro, sergiu.olteanu@upb.ro    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● Explain the key components of the intermodal urban mobility system. 

 

Learning Outcomes  

At the end of the lesson, learners will be able to: 

● Identify the key components of the intermodal urban mobility system. 

● Discuss the levels of integration for intermodal urban mobility development 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

reading materials are advised to learn about the concepts introduced during the course.  

● Van Audenhove F. J., Korniichuk O., Dauby L., Pourbaix J.  2014. The Future of Urban Mobility 2.0. 

Imperatives to shape extended mobility ecosystems of tomorrow. Arthur D. Little & The International 

Association of Public Transport (UITP).  

● Bernal L.M.M.D. 2016. Basic Parameters for the Design of Intermodal Public Transport Infrastructures. 

Transportation Research Procedia 14 499-508. 

 

 

 

 

mailto:dorinela.costescu@upb.ro
mailto:sergiu.olteanu@upb.ro
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LECTURE NOTES 

 

1 – INTRODUCTION 

To be efficient and fair, a transportation system must serve diverse demands (Litman 2020). Travel 

demands, and thus the value of intermodal planning, can be evaluated from different perspectives (Van 

Audenhove et al. 2014). This topic introduces the key components of intermodal public transport in smart 

cities.  

It discusses the general levels of integration for intermodal urban mobility development. Examples of best 

practices in implementing integrated urban transport systems are analysed. 

 

2 – MAIN BODY 

Key components of intermodal urban mobility system in smart cities 

 

2.1. Intermodal Service Characteristics 

Mobility systems need to be developed to meet the increasing demand in cities and, in addition, match the 

dynamics of travel requirements (changes in travelling behaviour, necessity for increased convenience, 

speed and predictability, expectations for service customisation). The mobility service portfolio must be 

expanded, ensuring the transformation of business models based on multiple categories of stakeholders. 

Consequently, cities have to develop intermodal urban mobility systems by extending their public transport 

offering and adapting it from "delivering transport" to "delivering solutions". This change can be achieved 

through a combination of quality improvements to the current public transport supply and an increase in 

customer experience through service supply expansion based on partnerships and alliances with third 

parties (Van Audenhove et al. 2014). 

Mobility supply can be articulated into three main categories of components, of which the two first 

constitute the core mobility system (Figure 1): 

● Supply and operations of infrastructure and transport modes 

● Mobility services - characterised by quality, safety, security, convenience, sustainability, 

affordability 

● Additional value-added services next to core mobility services. 

 

Exercise: The video "The future of mobility: Ben's Journey"4 presents a scenario for integrated mobility 

services. Watch the video and analyse how the mobility offering: 

                                                           
4 Video link: https://www.youtube.com/watch?v=uDEEgMBRW2s or 

https://www.youtube.com/watch?v=uDEEgMBRW2s
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● Combines different transport modes 

● Ensures a set of personalised travel options (including travel on demand) 

● Provides additional services (next to core mobility services). 

 

 

 
Figure 1. Key components of public mobility services  

Source: Van Audenhove et al. 2014 

 

2.2. Levels of Integration for Intermodal Urban Mobility Development 

Developing integrated mobility platforms requires the negotiation of a complex web of relationships with 

the relevant public and private stakeholders in the extended mobility system (Figure 2): 

● Mobility service operators (motorised-individual, public individual, public, non-motorised and 

stationary) 

● System integration providers 

● Connectivity providers 

● Data provision providers 

● End-user equipment providers 

● Value-added service providers 

                                                           
https://www2.deloitte.com/us/en/insights/focus/future-of-mobility.html 

https://www2.deloitte.com/us/en/insights/focus/future-of-mobility.html


 

177 
 

In this integrated system, a critical task is the one of "integrated mobility platform operator", responsible 

for planning, booking, payment and billing, thereby ensuring "one face to the traveller". The integrated 

mobility platform operator should be able to (Van Audenhove et al. 2014): 

1. Act as a single point of contact for travellers and as a full-service provider, a role that involves: 

● Bundling of third-party services and selling them on 

● Responsibility for delivery of third-party services and associated risks 

● Collection of payments and management of security and fraud 

2. Aggregate services of all mobility providers across all modes of transport, a role that involves: 

● Design and management of partner ecosystems 

● Penetration of new areas through contracts with local mobility providers 

● Reaching all mobility providers to keep the promise of total mobility  

3. Offer tailored solutions considering customer preferences, lifestyle and budget, a role that involves: 

● Customer profiling 

● Achieving a balance between requirements on data security and the need for transparency. 

 

 
Figure 2. Components operated by public and private stakeholders within the mobility system 

Source: Adapted after Van Audenhove et al. 2014 
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To succeed in the mentioned goals, intermodal integration involves five general levels (Bernal 2016, Booz 

2012, Luk & Olsewski 2003):  

● Physical integration - is associated with a complex scheme of intermodal facilities ensuring easy 

access to modal interchanges; the design of pedestrian ways facilitating modal transfers and 

minimising distances for access to stops. 

● Transport network integration – modal service networks (bus, tram, metro, etc.) should be an 

integrated network that is complementary in relation to their modal characteristics. Metro and 

tram services should be designed to ensure high-capacity corridors and rapid services. 

● Fare integration - consists of developing a common fare collection system for all modes through a 

single shared payment media. 

● Information integration – complete and easy-to-use information and guidance system is critical for 

encouraging intermodal travel. Signage at metro and bus stations should be designed to effectively 

deliver passengers' information. Intelligent Transport Systems (ITS) have an essential role in 

transport integration in general and information integration in particular. 

● Institutional or administrative integration - involves developing only one institutional scheme to 

plan, coordinate, manage and control a set of transport networks (e.g., a common metropolitan 

entity).  

 

2.3. Case studies 

2.3.1. Examples of Intermodal Mobility Systems 

Developing a sustainable urban mobility system is a considerable challenge confronting policymakers, 

stakeholders and users. According to several studies that aimed to rank the urban mobility systems 

(Deloitte 2020, Van Audenhove et al. 2014, Booz Allen 2012), Hong Kong, London and Stockholm are 

considered best practices in implementing the integrated urban transport systems (Table 3). 

 

● Hong Kong - one of the most densely populated areas in the world (with more than 7 million people 

(2018) into a land mass of 1,100 sq km); provides one of the most reliable, efficient, accessible, and 

well-maintained public transport networks, with a highly integrated cross-modal electronic payment 

system. The high use of public transportation (88%) reflects this. Several operators provide Hong Kong 

transport services, including railways, trams, buses, minibuses, taxis, and ferries. The number of 

vehicles registered per capita is low (9 cars per 100 population). The authorities have been looking at 

options such as electronic road pricing, stiffer penalties for illegal parking, and road widening to reduce 

congestion from road transport modes in the central business district. 

The city has one of the oldest public transport contactless payment systems, with plans to 

upgrade terminals to accept mobile e-payments. The smart card penetration stands at 3.1 cards per 
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person (number justified by a large number of tourists; also, some people have two cards, one 

personalised and one anonymous; some cardholders work in Hong Kong but live in China).  

Hong Kong has been lagging in trials of new technologies and has taken a conservative approach 

to new mobility models such as ridesharing and autonomous vehicle testing. In addition, the city has 

scope to expand active modes of transport, which can help reduce congestion in the central district.  

Hong Kong has the potential to become a global model for public transport by embracing new 

technologies and promoting innovation. 

 

● London – for an analysis area of 1,569 sq. km and 8.8 million people (2019), the overall public transport 

network is characterised by a well-established rail network complemented by extensive bus, ferry and 

bike networks. These networks are integrated by intermodal stations designed for ease of interchange 

for high volumes of passengers. At major stations, purpose-built bus interchanges have been developed 

to be within walking distance of the railway and underground stations. London has a state-of-the-art 

ticketing system.  

The authorities are now reviewing strategies in response to changes in passenger behaviour. 

Under financial pressure from a lack of central government operating grants, lower passenger numbers, 

and a freeze on fare increases, the authorities are looking at improvements in operating models. In the 

longer term, the authorities plan a transition towards more sustainable transport modes, for example, 

by investing in a cleaner bus fleet, and expanding the dedicated cycle network and the electric vehicle 

charging infrastructure around the city. Increased revenue streams from emission and congestion zone 

charges, property development and data-driven commercialisation of ad spaces could help balance 

budgets. 

 

● Stockholm - the Swedish capital (with an analysis area of 416 sq. km and 1.6 million people (2019) 

stands out for having one of the best-developed networks of cycle paths. Its bike lane network is the 

third most dense in the world, with 4,041km of lanes per 1,000 sq. km. It has a high rate of public sector 

initiatives, and its intermodal SL-Access smart card has a penetration of 0.64 cards per capita. 

Stockholm introduced an intermodal planning tool (Trafiken.nu), a joint initiative of the local public 

transport operators, public transport authority, city administration and road-building authority) and 

financed via toll revenue. The tool compares door-to-door intermodal chains regarding cost, time and 

climate impact. 

As a result of this forward-thinking approach, Stockholm ranks above average for transport-

related emissions, with one of the lowest concentrations of nitrogen dioxide and particulates (NO2 and 

PM10) in the world.  
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Table 3. Examples of Integrated Transport Services  

Type  Hong Kong  London  Stockholm 

Physical  Well-designed intermodal 

stations integrated into 

neighbourhoods.  

An extensive network of 

modes (walking, cycling, taxi, 

bus, rail, ferry and airports) 

with well-designed stations 

and terminals  

With a high level of modal 

diversity (commuter rail, light 

rail including metro 

and tram, bus, bike, ferry) and 

a dense network of cycle 

paths. 

Fare  Octopus Card is a multi-

functional value-added card 

widely used in Hong Kong 

(introduced in 1997). The city 

has one of the oldest public 

transport contactless payment 

systems, accepting mobile e-

payments. The old parking 

meters were replaced by 

Octopus-card-only meters in 

2003/2004. 

Oyster card can be used for 

most urban transport services.  

One of the world's most 

advanced ticketing systems – 

contactless payments and 

fare-capping are available 

across the transport network 

and wider areas 

Stockholm is currently 

upgrading its payment system. 

Storstockholms Lokaltrafik 

(SL) introduced contactless 

payments (late 2020 – 2021). 

Information  Good signage  London has led the way in 

public transport signage.  

  

The city has run a Mobility-as-

a-Service (MaaS) pilot. As part 

of reforms for a combined 

mobility solution, third-party 

sales of public transport 

tickets are allowed, and data 

for more than 90% of public 

transport journeys are made 

available. 

Institutional  Single governing authority 

helps to implement the public 

transport integration - 

efficient use and integration of 

franchised and non-franchised 

bus services.  

It successful implemented an 

integrated private-public rail 

property development plan 

that generates additional 

income. 

The City of London manages 

all aspects of transport 

planning and operations.  

Principal transport authority 

is Storstockholms Lokaltrafik 

(SL). 

A detailed policy vision is 

backed up by high 

investments in public 

transport infrastructure. 



 

181 
 

2.3.2. Discussion 

The main goal of integrated mobility system development is to reduce the share of the use of private cars 

through the smooth use of two or more modes of transport. Discuss the levels of integration required for 

a sustainable integrated mobility system: 

● What levels of integration have been already implemented in your city?  

● For the trip example given in the previous lesson, identify if the mentioned advantages are due to 

implemented integration levels. Identify what levels of integration could diminish the mentioned 

inconveniences for each modal and intermodal option.  

 

3 - CONCLUSION 

Intermodal public transport in smart cities can be itemised into three main categories of components: 

● Supply and operations of infrastructure and modes of transportation 

● Service characteristics: quality, safety, security, convenience, sustainability, affordability 

● Development of additional value-added services next to core mobility services. 

From the user perspective, an integrated mobility system has powerful advantages due to: 

● An extensive set of public transport modes across various mobility operators 

● One tool facilitating planning and booking of the whole trip across all transport modes and mobility 

services  

● Buying only one ticket and paying one bill for the entire trip 

● One single authorisation for using several mobility services 

● Real-time responses to changing customer needs (meeting delays) and travel obstacles (traffic 

jams, weather) and opportunities (discounts). 

Such interoperability can be achieved through the following levels of integration: 

● Physical  

● Transport network  

● Fare  

● Information  

● Institutional or administrative. 

Physical integration is strongly related to network integration. Both support the integration of 

infrastructure. Fare integration and information integration require strong cooperation between urban 

public transport operators and other mobility operators (national and regional - rail companies, or local  - 

as taxi services providers, sharing and rental companies). Al levels of integration must be supported and 

encouraged by public authorities. Experience shows that the strong support of city management is critical 

for the establishment of broad partnership and thus the successful implementation of an integrated urban 

mobility system. 
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HOUR 4: Particularities of the Intermodal Public Transport (1) 
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Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● Explain the characteristics of different transport modes 

 

Learning Outcomes  

At the end of the lesson, learners will be able to: 

● Discuss the relationships between urban structure and public transport efficiency 

● Explain the characteristics that differentiate the transport modes 

 

Prerequisite Knowledge, Skills, Attitudes 

- 
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Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

reading materials are advised to learn about the concepts introduced during the course.  

● Litman T. 2021. Introduction to Multi-Modal Transportation Planning Principles and Practices. Victoria 

Transport Policy Institute 250-508-5150. www.vtpi.org/multimodal_planning.pdf 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

Intermodal transportation accounts for the differing capabilities of different modes, including their 

availability, speed, density, costs, limitations, and, therefore, their most appropriate uses. In this regard, 

this topic introduces the main characteristics of urban transport modes. Firstly, the relationships between 

urban structure and public transport system are emphasised. Next, different criteria for classifications of 

public transport modes are presented. The similarities and dissimilarities of different travel modes are 

analysed based on them. 

Efficacy and efficiency of urban intermodal public transport in medium-sized and large cities can be reached 

only through the utilisation of a variety of mobility and transport modes. For the selection of optimal modes, 

a comprehensive understanding of mode characteristics and performance under different circumstances is 

essential. 

 

2 – MAIN BODY 

Characteristics of different transport modes 

2.1. Relationships between Urban Structure and Public Transport System 

The structure of the areas where people live and work determines the origins and destinations of urban 

travel, the intensities and lengths of travel, and energy consumption. The role of the public transport system 

in an urbanised area generally depends on the city's size, physical conditions, and features, as well as on its 

transportation policies and planning.  

Several studies (Lefevre 2010, UN-Habitat 2013) argue that investments in public transport infrastructure 

are economically justified only if the density of housing and employment is sufficient in the coverage area 

of the stops (Figure 1). 

http://www.vtpi.org/multimodal_planning.pdf
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Figure 1. Relationships between urban structure and public transport efficiency  

Source: Lefevre 2010 

 

Urban policies and traffic infrastructure planning oriented to the satisfaction of auto travel have resulted in 

auto-dependent cities where walking is difficult and transit mostly serves captive riders. Public transport is 

not a solution for predominantly polycentric urban structures with low population densities (Bertaud 2004). 

Public transport stops must be easily accessible from homes or points of interest. Accepted walking 

distances differ in terms of cultural environment and income, but people generally prefer to avoid using 

public transport if a walking time of more than 10 minutes is required. As a result, the catchment areas of 

the stops have a maximum radius of 800 m. These areas can be extended by secondary lines (feeder, 

minibus, taxi) or by favouring trips with two-wheeled vehicles, with problems associated with intermodal 

transfers (extra time, additional facilities and infrastructures for transfer).  

For population density over 3000 inhabitants/sq., depending on the population and the degree of urban 

mono- or poly-centrality, certain modes of public transport can be recommended (Bertaud 2004). 

Consequently, urban development must be correlated with the public transport system's development, 

especially in capacity and efficiency. 

Appropriate solutions for increasing the attractiveness of public transport can be identified according to 

the particularities of the mobility needs of the urban population related to the interactions between the 

characteristics of the areas of the urban space served. Consequently, comprehensive knowledge of mode 

characteristics and performance under different conditions is essential for selecting optimal modes. 
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2.2. Categories of Public Transport Modes 

 

Each urban travel mode has different characteristics and plays a different role in meeting the various 

mobility demands. Considering the type of operation and usage, three basic categories of urban travel can 

be defined (Figure 2) (Vuchic 2007, Van Nes 2002): 

● Private – privately owned vehicles operated by owners for their use, usually on publicly 

administrated streets. 

● For-hire urban passenger transport – commonly designed as on-demand, is a transport service 

provided by an operator and available to all parties who meet the conditions of a contract for 

carriage (i.e., pay prescribed fares or rates), but which is adjustable in various degrees to the 

individual user's desires.  

● Public transport, mass transportation or transit is the common carrier type of urban passenger 

transport. These transport systems with fixed routes and schedules are available for all persons 

who pay the established fare. 

Generally, a public transport mode is defined by three main characteristics: 

● Right-of-way (ROW) category  

● System technology 

● Type of service. 

Right-of-way (ROW) represents the travel way or strip of land on which the transit vehicles operate. There 

are three basic ROW categories distinguished by the degree of separation from other traffic (Bruun 2014, 

Vuchic 2007): 

● Category A - is a fully controlled ROW without grade crossing or any legal access by other vehicles 

or persons. It is also referred to as "grade-separated" or" exclusive" ROW, and it can be a tunnel, 

an aerial structure or an at-grade level. 

● Category B - includes ROW types that are longitudinally physically separated by curbs, barriers, 

grade separation, and the like other traffic but with grade crossing for vehicles and pedestrians, 

including regular street intersections. This category is frequently used for light rail transit (LRT) 

systems. 

● Category C - represents surface streets with mixed traffic. Transit may have preferential treatment, 

such as reserved lanes separated by lines or special signals. 

The different characteristics of the travel ways, vehicles, and services organised for certain types of trips 

make difficult a clear delimitation of the public transport modes (Vuchic 2007). 
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Figure 2. Different types of travel modes 

 

Nevertheless, in the analysis of public transport systems, three main categories are considered based on 

the travel ways (which strongly determine the operating performances) (Vuchic 2007) (Figure 3): 

● Street transit - for the public transport modes operating on the road infrastructure shared by other 

vehicles (individual cars, goods vehicles, social service vehicles, etc.); operating and service 

reliability depend on the temporal and spatial non-uniformities of urban road traffic. 

● Semi-rapid transit – usually operating in congested areas on dedicated ways or dedicated road 

lanes. 

● Rapid transit - on ROW category A with traffic technologies based on guidance systems (rail or 

rubber-tired), which ensure high transport capacity and operating speeds, high levels of safety and 

reliability. 
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Figure 3. Classification of public transport modes  

Source: Vuchic 2007 

 

Generally, urban public transport modes can be included in one of these categories. Exceptions are 

specialised modes adapted to the physical characteristics of some geographical area (e.g., ferryboats, cable 

cars, cog railways, aerial tramways, hydrofoils). 

 

2.3. Case study 

 

2.3.1. Greater Grenoble Area Mobility Authority: Solution for correlation between various mobility modes 

(Video5) 

Grenoble (with more than 450,000 inhabitants), one of the largest metropolitan regions of the European 

Alps, offers a great mobility mix between public transport, including trams and buses, as well as good cycling 

infrastructure (Eltis 2021). The latter might be surprising for an urban area surrounded by steep mountains. 

Located along the riverbed of the Isère, the Grenoble-Alpes Metropolitan Area has a relatively flat profile, 

which offers ideal conditions for cyclists and pedestrians. Grenoble is also home to several universities and 

large companies. Thus, it provides the ideal combination between a productive city and a city adjacent to 

                                                           
5 Greater Grenoble Mobility Authority, winner of the 9th Award for Sustainable Urban Mobility Planning : 

https://www.youtube.com/watch?v=IIpgkca1AX0     

https://www.youtube.com/watch?v=IIpgkca1AX0
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Alpine nature. Furthermore, the urban agglomeration lies between Geneva, Lyon, and the South of France, 

giving it a central geographical location. 

The metropolitan industrial region in the heart of the Alps had to tackle its locational disadvantages, as it 

suffered from high air pollution as it is in a valley, the so-called basin effect. This led to the decision to build 

a tramway, which was inaugurated in 1987 and subsequently extended in several steps to today's 35 

kilometres of tram track. Since its opening, the Grenoble tramway has been fully accessible and holds the 

record as the world's first completely low-floor tramway. 

In addition to these efforts to reduce air pollution, an extensive cycling strategy has been the basis for the 

current SUMP since the 1990s. The sustainable urban mobility plan of the Grenoble-Alpes Metropolitan 

Area, which is now in its second iteration, aims to enhance the use of public transport and active mobility 

while tackling road congestion and the limited use of rail services. 

 

2.3.2. Discussion  

Policies of coordinated parallel improvements of both public and private transportation can create an 

intermodal system, with the modal split between major modes closely corresponding to their optimal roles. 

● For the previously given example of an Origin – Destination trip, examine the similarities and 

dissimilarities between travel modes mentioned as options. 

 

3 - CONCLUSION 

• The most critical factor in determining the roles of public and private transport is policy toward land 

use and transportation and its implementation. Increasing auto ownership causes significant changes 

in modal split. Still, it need not lead to a drastic decrease in transit ridership if coordinated intermodal 

policies and coordinated land use and transportation planning are applied. 

• Comprehensive knowledge of mode characteristics and performance under different conditions is 

essential for selecting optimal modes. 

• In the analysis of public transport systems, three main categories are considered based on the travel 

ways (which strongly determine the operating performances) (Vuchic 2007): 

o Street transit - for the public transport modes operating on the road infrastructure shared by 

other vehicles (individual cars, goods vehicles, social service vehicles, etc.); operating and 

service reliability depend on the temporal and spatial non-uniformities of urban road traffic. 

o Semi-rapid transit – usually operating in congested areas on dedicated ways or dedicated road 

lanes. 

o Rapid transit - on ROW category A with traffic technologies based on guidance systems (rail or 

rubber-tired), which ensure high transport capacity and operating speeds, high levels of safety 

and reliability. 
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Learning Outcomes  

At the end of the lesson, learners will be able to: 

● Discuss the operating characteristics of different transport modes  

● Demonstrate the advantages of feeder services in an urban intermodal network  

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

reading materials are advised to learn about the concepts introduced during the course.  

● UN-Habitat. 2013. Planning and Design for Sustainable Urban Mobility. Global Report on Human 

Settlements 2013. United Nations Human Settlements Programme. (Chapter 3. Metro, rail, light rail and 

BRT). 

 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

Transit modes can be generally found in their optimal roles in cities that have pursued a rational, long-term 

transportation policy toward all modes. In cities without such a policy, the influence of short-range, piece-

meal actions, inadequate financing, the favouring of one mode over others, deficiencies of supply 

industries, and various political and interest group pressures often lead to the misallocation of the roles of 

the different modes. 

This topic explains the necessity of the complementarity of different travel modes. Firstly, the operating 

and technical characteristics of different modes are compared. Next, the circumstances that ensure to 

consider intermodal services an option are discussed. In order to demonstrate the benefits of intermodal 

public transport, a model for bus line planning in an intermodal transport network is presented.  

 

2 – MAIN BODY 

Comparisons and Complementarities of Different Transport Modes 

2.1. Operating Characteristics of Different Transport Modes  

According to the objectives of sustainable urban mobility, public transport systems must be developed to 

become an attractive alternative to travel by personal car.  
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There can never be a single ”optimal” mode for all urban transportation. Improving the efficacy and 

efficiency of public transport can be achieved by using several modes of transport. Relative to the 

morphology and structure of the urban area, but also the particularities of the behavioural pattern of the 

urban population, the most appropriate modes must be identified in each context in terms of operating 

costs. 

Depending on the possible intervals of the technical and operational characteristics of the transport modes, 

Vuchic (2005, 2007) delimited the areas in which the traffic frequencies and transport capacities of the 

transit units may vary (Figure 1), the operating speed (Figure 2).  

 

 
Figure 1. Relationships among transit unit (TU) capacities and maximum line frequencies for different 

mode categories  

Source: Vuchic 2007 
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Figure 2. Line capacities and operating speeds for different mode categories  

Source: Vuchic 2005 

In most cases, higher transit unit capacity and operating speeds allow rapid transit modes (such as heavy 

rail trains and metros) to carry more passengers through the system. 

All major transit modes have optimal application domains; ”adjacent” modes overlap their domains to some 

extent (Vuchic 2005). Conditions and requirements for urban travel vary so much that in most cities, except 

the small ones, the optimal transportation system should consist of several complementary modes 

coordinated in a single intermodal system. 

2.2. Complementarity of Transport Services 

The urban mobility system incorporates interconnected infrastructure and services. Each mode plays a role 

in the integrated network according to its technical and operating characteristics. Intermodal services aim 

to increase the overall efficacy and efficiency of the urban public transport system. But intermodal services 

could be options only for travel on distances over a particular limit, in cases when the advantages of services 

on corridors overcome the generalised costs involved by transfers (Figure 3). 
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Figure 3. Time/Cost-distance diagram for monomodal and intermodal trip  

Source: after Van Nes, 2002 

 

Direct and feeder services characterise the kind of services that can be provided along a transport corridor 

(Figure 4). On some short journeys, the forced need to transfer represents a substantial disincentive to use 

public transport, particularly when there is no fare integration. Therefore, commuters often prefer direct 

services, as they do not require additional transfer time.  

 

 
Figure 4. Direct and feeder services  

Source: after Bruun 2014 

 

For longer journeys, the best solution for the user depends on service characteristics (e.g., cost or time 

savings, punctuality, and reliability of different alternatives). Figure 3 compares a trip's hypothetical 

time/costs for monomodal and intermodal options. It is supposed that for a particular distance, the car trip 
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is affected by congestion and difficulty in finding a free/cheaper parking lot. The intermodal trip could be 

an attractive option despite the penalties involved in the intermodal transfer (in terms of time, cost, 

discomfort, etc.). 

Feeder services usually consist in low-capacity services (scouter, car, local bus). They supply passenger flow 

to fixed high-capacity service systems (tram, light rail, metro, rail). Trunk-and-feeder intermodal services 

could well serve the requirements of passengers that need to cover medium to long distances. However, 

users of this kind of service often encounter significant transfer penalties due to the lack of physical and 

network integration (including the lack of connectivity in timetables). 

Feeder services create a more integrated network with better local travel opportunities by transferring 

operating resources from parallel bus and rail services to a more judicious modal distribution. In addition, 

a feeder service can often provide a more frequent and valuable local service and thus generate more local 

journeys (if there is potential in the covered urban area). Feeder service implementation could create a 

network where each mode performs what it does best. E.g., metro and express bus systems as the proper 

trunk routes, and local buses (or micro-mobility services or cars) as feeders. In this way, the high capacity 

of the rapid transit is more efficiently used, contributing to sustainable mobility targets. 

 

2.3. Case Study: Bus Line Planning in an Intermodal Urban Transport Network 

 

2.3.1. Problem Definition 

Rapid public transport lines (rail, metro, light rail with grade-separated or exclusive right-of-way) are 

considered solutions to increase the attractiveness of public transport. The financing of rapid public 

transport projects is supported by benefits associated with reducing road traffic congestion, reducing travel 

times, and reducing operating costs due to economy of scale. 

Implementing urban rapid transport projects requires significant investments and has important 

implications on the transport capacity - more than 30,000 passengers per hour per direction (UN-Habitat, 

2013). Therefore, the projects must be integrated into the urban public transport system and, in particular, 

into the urban mobility system to use the provided capacity efficiently. 

In this frame, the proposed problem is to design bus lines in an area where a metro line is implemented 

(similar to the configuration in Figure 4. b). The role of the bus line network is to feed the metro line and 

establish the basis of an intermodal network with increased efficiency of the metro line. Integrating bus 

and metro lines can reduce costs at the intermodal transport system level by eliminating sections doubled 

by the two modes and increasing the capacity utilisation on each section of the system (Costescu et al., 

2022). 

 

2.3.2. Example of Feeder Services for M5 Metro Line in Bucharest 
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Gradually built (since 1979) and equipped, the metro network in Bucharest has a length of around 78 km, 

and it is designed on five routes, denoted by M1, …, and M5. The fifth route (M5) has been operated since 

2020. The new line has 10 stations on 6.8 km in length and is connected to the M1 and M3 lines (Figure 5). 

During peak periods, the M5 line provides a capacity of 12,000 passengers per hour per direction.  

 
Figure 5. Location of the new metro route (M5) of the metro network in Bucharest 

 

The line coverage indicators are defined as the percentage of residents and jobs located within 800 meters 

of walking distance around metro stations. For M5, we computed these indicators based on data and traffic 

analysis zones (TAZ) given in Bucharest - Ilfov SUMP. It results in 7.85% of 1.88 mills. residents and 5.5% of 

1.02 mills. employees have adequate access to the new metro line (Figure 6.a). 

The entire coverage area of the new metro line is served by existing bus lines for which the coverage 

contour is computed for 400 meters of walking distance around bus stops (Figure 6. b).  

Consequently, the objective is to redesign the bus lines as a feeder network to achieve increased 

accessibility to the metro line and reduced operating costs on the intermodal transport network.  
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Figure 6. Coverage study area 

 

 The proposed model seeks to minimise bus operating costs and travel times. It is assumed that each feeder 

bus line serves only one metro station. The locations of the current bus stations (which are familiar to 

passengers as access points to public transport) are preserved.  

The algorithm designed to minimize passenger travel time by bus follows the next steps (Costescu et al., 

2020). 

1. Create the set of bus stops used as input for the line planning problem: 

- The bus stops located in the coverage area of the metro line (CovS) are selected. 

- The existing bus lines with stops in CovS are selected. All the distinct stops of the selected bus lines 

are included in the set of the line. 

- Proximity areas for input bus stops are created. Average passenger demand is assigned based on TAZ 

attributes to each bus stop located at more than 250 meters. 

2. Create the sets of bus stops that feed each metro station 

- The bus stops are allocated to the closest metro stations. Attributes are edited to allow the selection 

of the subset of the bus stops assigned to each metro station. 

3. Design the bus feeder lines 

- The streets with more than two lines and appropriate characteristics for bus circulation are selected.  

- Average operating bus speed is used to compute travel time on each selected street feature. 

- The network data set is created for the selected street features. 
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- Vehicle routing procedures are applied to determine the bus lines for each subset of stops allocated 

to a metro station. 

The solution of the sequential algorithm is depicted in Figure 7. More efficient use of metro transport 

capacity can be achieved (Figure 8). Further work is required to develop the algorithm to solve the bus 

operating cost component. Also, to identify appropriate intermodal transport planning, future research 

aims to evaluate the effects on the efficiency of public transport for different scenarios for travel demand 

allocation on the components of the intermodal transport system. 

 

 
Figure 7. Feeder bus line network 

 

 
Figure 8. Load diagram for M5 line (without and with bus feeder services) 
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2.3.3. Challenges in trunk-and-feeder intermodal services 

The trunk-and-feeder intermodal services enhance the overall efficiency of the public transport system 

(Figure 8). Nevertheless, from the user perspective, the transfer penalty involved in interchanging modes 

(which is added to the generalised cost of the trip) represents one of the main disadvantages in comparing 

intermodal and monomodal options (Figure 3). The disutility of a transfer should be compensated for by 

the characteristics of the used intermodal services. The weight of transfer penalties could be minimized 

through the physical integration of networks of different modes and the creation of interchanges which 

permit seamless transfers, fares integration, and additional value-added services next to core mobility 

services. 

 

3 – CONCLUSION 

• Improving the efficacy and efficiency of public transport can be achieved by using several modes of 

transport. Each mode plays a role in the integrated network according to its technical and operating 

characteristics. 

• Relative to the morphology and structure of the urban area, but also the particularities of the 

behavioural pattern of the urban population, the most appropriate modes must be identified in each 

context in terms of capacity and operating costs. 

• Feeder services create a more integrated network with better local travel opportunities by transferring 

operating resources from parallel modal services to a more judicious modal distribution. 

• Rapid public transport (rail, subway, light rail with grade-separated or exclusive ROW – Category A) are 

considered solutions to increase the attractiveness of public transport.  

o But financing rapid public transport projects requires significant investments. 

o Further, for the efficient use of the investments, the high transport capacities provided by 

these lines must be used appropriately. 

o The development of an intermodal public transport network can enlarge the area of 

accessibility to rapid transport lines.  
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HOUR 6: Design of the Intermodal Public Transport Network (1) 
 

AUTHOR INFORMATION 

 

Author(s): Dorinela Costescu, Sergiu Olteanu 

E-mail(s): dorinela.costescu@upb.ro, sergiu.olteanu@upb.ro    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● Examine the configurations of intermodal transport networks.  

 

Learning Outcomes  

At the end of the lesson, learners will be able to: 

● Discuss the characteristics of the infrastructure and service networks.  

● Examine the hierarchical level of infrastructure and service networks. 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

reading materials are advised to learn about the concepts introduced during the course.  

https://thredbo-conference-series.org/downloads/thredbo10_papers/thredbo10-themeE-Nielsen-Lange.pdf
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● ITF. (2012). Seamless Public Transport for All. Proceedings of a Joint Seminar held in Paris, France on 6 

March 2012. International Transport Forum. OECD. (Chapter 2. One Nation, one seamless public 

transport system, pp. 15-26).  

● Fang, K., & Zimmerman, S. L. (2015). Public transport service optimization and system integration. China 

transport topics no. 14. Washington D.C. World Bank Group.  

http://documents.worldbank.org/curated/en/322961468019179668/Public-transport-service-

optimization-and-system-integration  

 

LECTURE NOTES 

 

1 – INTRODUCTION 

After having discussed the main particularities of the transport modes and the necessity of the different 

travel mode complementarity, the next step in this module is the examination of the intermodal network 

design problem. This topic aims to understand the hierarchical structure of the intermodal network. 

Firstly, the general aspects of the network design problem are explained. The main characteristics of the 

infrastructure and service networks are discussed. The contradiction between economic and user 

objectives is emphasized. Then, spatial hierarchical structures of the networks are exemplified. 

 

 

2 – MAIN BODY 

Transport Network Design Problem 

2.1. Network Categories 

Correlations of modes and complementary services are necessary to ensure the service characteristics of 

different types of travel. Combining private and public transport in an integrated system offers 

opportunities to capitalize on the strengths of the various systems while avoiding their weaknesses (Van 

Nes, 2002). The development of intermodal service networks requires correct categorization of the physical 

and service networks: 

● The physical network (or the infrastructure network) includes both line features (such as railways, 

roads, and highways sections) and point features (stops.,stations, gates) that ensure access to the line 

feature, i.e., to the traffic network. To respond to the mobility/travel demand, which implies 

connections between different locations, it is necessary to provide specific services on the physical 

network. 

● The service network is specific for a transport mode characterized by infrastructure, vehicles, and 

operating technologies, all well adapted to the mobility demands of the land use. There is a close 

dependency between the three components of the service network. Deficiencies in the operation of 

http://documents.worldbank.org/curated/en/322961468019179668/Public-transport-service-optimization-and-system-integration
http://documents.worldbank.org/curated/en/322961468019179668/Public-transport-service-optimization-and-system-integration
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only one of the components may compromise the quality of service. Except for transport modes with 

separated infrastructure (ROW A), the transport modes that share the same infrastructure (buses, taxis) 

with personal cars, bicycles, and motorcycles are more sensitive to the quality of the supplied services. 

Table 1 shows synthetically the relationship between the physical and service networks, in terms of the 

interests of investors, operators, and users. 

 

Table 1. Physical and service network characteristics 

 
 

The physical network characterizes the supply for spatial mobility for non-motorized and motorized 

individual trips, and the service network represents the mobility supply for public transportation. 

Depending on the decisions of the urban management and transport operators, the same physical network 

can determine a specific service network and different levels of service for travellers. Consequently, the 

characterization of the mobility supply for individual trips refers only to the physical network (especially, to 

the coverage area of the access to the traffic infrastructure, spatial accessibility, and performances of the 

line infrastructure features – e.g., maximum permitted speeds and loads, gauges, technical and financial 

access requirements). For public transport, the characterization of the service network is necessary. 

 

 

2.2. Network Design Objectives 

The reality has confirmed that the only certain goal in designing an optimal network is represented by the 

convergence towards concentrated topologies based on corridors for any of the major technical 

infrastructures in a territorial system. The solution to the complex and difficult problem of obtaining an 

economic optimum for the design and operation of a traffic network that serves a territorial system is found 

in practice through topologies with reduced connectivity indexes and through concentrations of flows 

realized in the major nodes of the network (Figure 1). Such configurations are appropriate for the 

development of intermodal technologies, in which the performances of different modes of mobility and 

transport (in terms of speed, capacity, energy consumption, and space consumption) are correlated in order 

to ensure the objectives of sustainable mobility. 
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Figure 1. Network configuration with flow concentration in major nodes 

But these types of configurations, with a high degree of spatial concentration, generate differentiated 

accessibility in the territorial system, which is in obvious contradiction with the social equity that the traffic 

network should ensure for all the socio-economic system components. 

Considering that the traffic network (support for both individual mobility and public transportation) must 

ensure equal service for all locations in the socio-economic space, then it means that an optimum of social 

equity must be envisaged (even only as a desideratum to which the traffic networks must respond). 

Such an optimum of social equity basically means undifferentiated accessibility to the same network 

services regardless of the location of socio-economic activities in the territorial system, i.e., a network 

topology that covers almost uniformly the entire territorial system area. 

In conclusion, the traffic network configurations reflect the antagonism between the economic optimum 

and social equity: 

● a network specific to large traffic infrastructures defined by major axes for consolidated traffic flows, 

that ensure the efficiency of construction and operation, i.e., the economic optimum (Figure 2.a), 

● a network with multiple direct connections between nodes, like a “mesh” that almost uniformly covers 

the entire area in order to meet the requirements of social equity (Figure 2.b). 
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Figure 2. Network configurations specific to antagonist objectives 

a) the economic optimum (the maximum of the investors); b) the optimum of social equity (the 

maximum of the users) 

 

Consequently, there are necessary solutions that mitigate and harmonize the antagonistic objectives 

regarding the economic efficiency and social equity that must be ensured by the functions of the traffic 

infrastructure for the entire socio-economic system. Since the objective of covering the territory, of social 

equity, is dominant, it means that the harmonization of the objectives must be achieved by maintaining an 

acceptable efficiency of all the traffic infrastructures in a certain territory. This leads to differentiation of 

the infrastructures in relation to the design, construction, and operation costs which, certainly must be 

consonant with the mobility demands of the served areas. 

 

2.3. Hierarchy of Infrastructure Networks 

Each element of the traffic infrastructure network has a territorial function (assigned to the line features) 

and coverage area (assigned to the point features) mainly defined by local, zonal (regional) or interzonal 

areas. It is obvious a hierarchical structuring of the entire network, a certain capillarity that links local, zonal, 

and interzonal networks ensuring the best possible accessibility to major interest locations of the territorial 

system (Figure 3). 
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Figure 3. Hierarchy of infrastructure networks 

(I - international; N – national, interzonal; R - regional, zonal; L - local) 

Source: Van Nis, 2002 

 

Figure 3 illustrates the hierarchical differentiation of links between networks at the same level and the 

lower level, as well as the increase in the number of links as the levels decrease. At the local level, L, in the 

case of cities, the hierarchical structuring continues as the functions of the traffic infrastructure are clearly 

different (motorized and individual non-motorized trips). Several levels of traffic infrastructures are specific 

to large cities (for rapid transit, for penetration to rapid transit, for main, structuring, inter-districts and 

district penetration links, for secondary links, for local links, within the district). For each of them, specific 

accessibility, social, and urban insertion functions can be identified. Quality requirements and intervention 

responsibilities (of the State, region, or local authorities) are defined accordingly to the assigned functions 

and the proposed objectives for the continuity and stability of traffic. 

 

Discussion  

The access to networks at different levels and the links between networks at the same level and the 

lower level are organized in intermodal terminals that decisively contribute to the network structures. 

● For your city, examine different levels of infrastructure and service networks that interact. Specify 

the main characteristics of the links between networks at different levels.  

 

2.4. Network Accessibility 

The main consequence of the increasing traffic speed consists in increasing accessibility, i.e., the possibility 

of reaching potential farther destinations (Miller, 2020). In the urban environment, for both individual 

motorized trips and especially public transport lines, the increase in average traffic speeds is conditioned 



 

205 
 

by the traffic infrastructures performance. In the case of public transport, additional performance of the 

various services provided on the dedicated traffic infrastructures interferes.  

In the central areas of urban agglomerations, high and quasi-homogeneous population density implies 

relatively short distances between stations or stops. It means that high average speeds cannot be obtained 

due to the stopping, stationary and starting time in each station. Considering that the accepted duration is 

limited for daily trips (Zahavi’s setting), solutions for reducing the number of access points to the public 

transport service are required, especially for long trips. 

Ensuring comfortable pedestrian access to public transport and, also reduced trip times over longer 

distances and in urban and peri-urban space has led to the hierarchical spatial structuring of networks. In a 

widely accepted classification (De Jong et al., 2007), three network levels are recognized for urban transport 

and five for inter-urban public transport networks. Figure 4 exemplifies a radial structure of urban public 

transport networks (more appropriate to reality than a linear one, in the form of a corridor) (Van Nes, 2002). 

 

 

 

 
Figure 4. Multilevel urban public transport network based on the hierarchy in spatial structures  

(Δ1, Δ2, Δ3 – average interstation length)  

Source: after Van Nes, 2002 
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For each of the three categories of lines that ensure both travel within the urban area and its regional 

connections, differences between the interstation lengths are noted (about twice the radius of the space 

served). Also, it can be noticed the existence of an inner ring planned to avoid the central area.  

The trade-off between comfortable access to public transport (by walking) and the highest possible average 

traffic speeds needs solutions for services with different performances coexist on the same route or 

network and which together satisfy both requirements (spatial coverage and high average traffic speeds). 

 

3 – CONCLUSION 

● The findings on optimal transport network characteristics and hierarchical relationships between 

network levels provide guiding principles for the planning of efficient intermodal transport systems.  

● The link between the spatial structure and public transport supports circumstances to improve the usage 

of public transport.  
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HOUR 7: Design of the Intermodal Public Transport Network (2) 
 

INSTRUCTOR INFORMATION 

 

Author(s): Dorinela Costescu, Sergiu Olteanu 

E-mail: dorinela.costescu@upb.ro, sergiu.olteanu@upb.ro    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● Examine the configurations of intermodal transport networks.  

 

Learning Outcomes  

At the end of the lesson, learners will be able to: 

● Explain the methods used in the assessment of the spatial accessibility.  

● Examine measures to increase the spatial accessibility to public transport. 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

reading materials are advised to learn about the concepts introduced during the course.  

● Miller, Eric J. (2020) Measuring accessibility: Methods and issues, International Transport Forum 

Discussion Paper, No. 2020/25, Organisation for Economic Cooperation and Development (OECD), 

International Transport Forum, Paris, https://doi.org/10.1787/8687d1db-en  

  

LECTURE NOTES 

 

1 – INTRODUCTION 

This topic aims to understand how intermodal networks can enhance the spatial accessibility of public 

transport and how they can contribute to the increase of public transport attractiveness. Firstly, the 

importance of accessibility assessment in intermodal transport network design is emphasized. Methods 

applied for spatial accessibility assessment are explained and exemplified in the Bucharest public transport 

mailto:dorinela.costescu@upb.ro
mailto:sergiu.olteanu@upb.ro
https://doi.org/10.1787/8687d1db-en
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network case. Then, different solutions for enhancing the service network performance in terms of 

accessibility are illustrated.   

 

2 – MAIN BODY 

Assessment of the spatial accessibility of public transport networks 

2.1. Case study: Assessment of the Spatial Accessibility of Rapid and Semi-Rapid Public Transport in 

Bucharest  

2.1.1. Problem Definition 

The accessibility of the traffic network and public transport service network influence the travel demand 

and land use (Levinson et al., 2016, Mavoa et al., 2012). The performance of the public transport system 

can be increased by designing an intermodal network to serve the areas with low accessibility and provide 

connections to the urban rapid and semi-rapid services (by metro and tram). Therefore, assessing 

accessibility is an important step in characterizing the public transport system’s performance and 

identifying measures that can increase performance.  

Accessibility, as an intrinsic attribute of the physical network, expresses the easiness, high or reduce, of 

reaching a point from another area covered by a connected network. Different methods and indicators can 

be applied to assessing accessibility (Levinson et al., 2016; Mavoa et al., 2012; Ford et al., 2015; Curtis & 

Scheurer, 2017).  

In this framework, this section exemplifies how the spatial accessibility of rapid and semi-rapid public 

transport can be assessed. The presented case study refers only to the accessibility of the network of public 

transport services by metro and tram from Bucharest (Figure 1). The accessibility of these networks was 

analyzed from two viewpoints (Costescu et al., 2021): 

● The service coverage area - which includes places serviced by public transport at the minimum service 

standard. 

● The spatial accessibility at the network level - based on the shortest paths between locations. 

 

2.1.2. Service Coverage Area 

The network coverage indicators measure the percentage of residents and jobs located within adequate 

walking time (10 minutes around metro stations, 7 minutes around tram stations) of at least one public 

transport service that meets these standards (Figure 2).  

The indicators of the service coverage area (for the stations of the metro and tram networks) were 

determined using GIS procedures (Table 1).  

The results show low percentages for access to rapid transit by metro at an acceptable standard (only 28% 

of the urban population and 30% of employees with job locations in the urban area).  
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Figure 1. The analyzed networks of public transport services by metro and tram in Bucharest 

 

 
Figure 2. Service area coverage for the metro network (a) and tram network (b) 
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Table 1. Indicators of service area coverage of metro and tram networks in Bucharest 

Class Measure Value 

Demographic data 

(Bucharest - Ilfov SUMP, 

2016) 

Population 

 

1.885 mill. inhbs. 

Density of the population  7800 inhbs./sq.km 

Employees 1.002 mill. empls.  

Density of the employees 4140 empls./ sq.km 

Overall data on metro 

and tram networks 

No. of metro stops 56 

Metro network length 80 km 

Metro network density 0.33 km/sq.km 

No. of tram stations 270 

Tram network length 132 km 

Tram network density 0.55 km/sq.km 

Service coverage of the 

metro network 

Residents with access to metro 

stops in 10 minutes of walking 

 

535493 inhbs. 

28% of the overall urban 

population 

Employees with access to 

metro stops in 10 minutes of 

walking 

 

304019 empls. 

30% of the overall urban 

employees 

Service coverage of tram 

network 

Residents with access to tram 

stations in 7 minutes of 

walking  

 

916322 inhbs. 

49% of the overall urban 

population 

Employees with access to tram 

stations in 7 minutes of 

walking  

 

402913 empls. 

40% of the overall urban 

employees 

Residents with access to tram 

stations in 10 minutes of 

walking  

1124596 inhbs. 

60% of the overall urban 

population 

Employees with access to tram 

stations in 10 minutes of 

walking 

541527 empls. 

54% of the overall urban 

employees 



 

211 
 

Higher percentages for access to semi-rapid transit by tram were obtained (obviously, due to the higher 

density of the tram network). The coverage values are still reduced for 7 minutes of walking time to tram 

stations (considered an acceptable standard to access semi-rapid services). The procedures were also 

applied for 10 minutes of walking time to tram stations, which is a less acceptable standard. But the 

calculation is made to verify if, at this lower standard, the coverage values are more satisfactory for a city 

with such a high population density as Bucharest (around 7800 inhbs./sq.km). 

The unsatisfactory values of service coverage for rapid and semi-rapid services emphasize the need for 

measures to enhance accessibility.  

The exemplified method shows how the coverage area can be assess and identify areas which need 

enhanced access to public transport. Designing an intermodal network can improve the connections of 

low-accessibility zones to existing rapid and semi-rapid services by metro and tram. 

 

2.1.3. Spatial Accessibility at the Network Level 

The travel time was used to assess the accessibility provided by metro and tram networks in Bucharest. 

For each station, the accessibility was expressed as easiness to access all other stations of the public 

transport network. The accessibility vector was computed function of the minimum travel time for each 

pair of stations. 

Denote R, the set of nodes corresponding to the stations of the public transport network, 

R = {k, k = 1, …, N},                      (1) 

where N is the number of stations.  

The measure of the most preferred itinerary from node i to node j, defined by the sequence of the nodes 

(i = k1, k2, ..., ks, ..., kI = j), is 
1

( 1)

1

( , )
I

ij s s

s

T min t k k






 
,                 (2) 

where ( 1)( , )s st k k   is the average travel time on the link ( 1)( , )s sk k   of the public transport network. 

Then, the average spatial accessibility for node i (origin) relative to all other nodes (destinations) of the 

network is 

1

1

1

N

i ij

j
j i

A T
N 







                            (3) 

The value iA  represents the measure of the accessibility of all interest points (stations) from a given 

origin i.  
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The average accessibility of metro stations and tram stations were determined in function of travel time 

(Figure 3).  

 

 
Figure 3. Average spatial accessibility function of travel time for the metro (a) and tram (b) networks 

  

The circle symbol represented in Figure 3 for a station is proportional to the average travel time to all other 

stations. The larger its circle radius, the less a station is accessible. The smaller its circle radius, the more a 

station is accessible. Obviously, the terminus stations have high values of average spatial accessibility due 

to the peripheral position on the network. The station with the lowest value of the average spatial 

accessibility represents the pole of the network, i.e., the most accessible location at the network level. 

For the metro network, even for stations with reduced accessibility, the values of the average spatial 

accessibility are satisfactory (20 - 25 min). The values reflect the advantages of operating in systems with 

separated grade lines on which any conflicts with other categories of flows are eliminated. 

On the tram network, the range of the average spatial accessibility is much lower, mainly due to lower 

operating speed caused by mixed usage of road infrastructure components and the high density of stations 

(which, on the other hand, brings advantages for service coverage). However, due to the increased 

connectivity of the network, a significant number of stations have good accessibility. Two adjacent tram 

stops were considered poles because they have very close values of the average spatial accessibility. 
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The accessibility ranges obtained through both perspectives (service coverage and spatial accessibility) 

allow further evaluation of the level of service for the origin-destination relations with significant travel 

volumes. The origin-destination relationships with poor accessibility will be input data in the next stage for 

the multicriteria evaluation of the solutions for the intermodal network design (including local access 

services: dedicated bus line, micro-mobility services, care sharing, or park-and-ride facilities – especially for 

the peripherical urban areas). 

 

Discussion  

Local collective and individual services can enhance the accessibility to high-performance public 

transport lines. The video “Integrating cycling into the public transport system in Brno (the Czech 

Republic)” (Eltis, 2015) exemplifies how the spatial accessibility of public transport networks can be 

extended. Scouter or bike share systems can also achieve similar or better results. 

 

2.2. Case Study: Park-and-Ride Facilities 

Besides walking, cycling, and driving are the main individual modes used to reach the closest transport 

interchange. A general scheme adopted for high-capacity transport modes is to provide park-and-ride 

facilities at stations to facilitate access and make the transfer between cars and the other mode seamless 

for commuters. Park-and-Ride facilities, therefore, allow people to drive to public transport stations, park 

their cars and access the public transport system for the urban area. In many cases, these kinds of facilities 

are also being made available for bicycles to promote and facilitate the citywide use of this mode, 

particularly in cities where bike-share systems have been implemented (e.g., Paris and London). 

Figure 4 shows the location of the newly built Straulesti Intermodal Terminal, N-W of Bucharest. The 

terminal includes park-and-ride facilities. It was designed in correlation with prolonging the existing metro 

line M4 of the metro network.  

The Straulesti Intermodal Terminal represents a link between regional/zonal and local networks, 

connecting: 

● Regional/peri-urban individual motorized trips, 

● Regional/peri-urban road public transport, and 

● Urban metro and bus lines. 

The objective is to encourage residents of the suburban area who have activities in Bucharest to leave their 

cars in the terminal and to continue their trip with surface or metro public transport services. The terminal 

includes overground parking (ground + 3 floors with a parking capacity of 650 cars) and facilities allowing 

direct access to the metro station through an underground walkway equipped with escalators. 
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Figure 4. Location of the Straulesti Intermodal Terminal, Bucharest (2019) 

  

Discussion  

Based on the discussed case studies, examine what type of services could be implemented to extend 

a service coverage area of a major node of the public transport network in your city. 

● Use Google map tools to assess the service coverage area of a major service network in the 

neighbourhood of one of your interest points. Examine how the local access could be extended based 

on a mobility/transport service.  

 

3 - CONCLUSION 

● Solutions to improve the weight of public transport use for daily commuting are targeted towards public 

transport grade-separated or exclusive right-of-way (e.g., subways, which can offer rapid services and 

high transport capacities for commuters during peak hours). By providing a network of rapid services, 

accessibility functions can be improved and, consequently, the indicators of commercial and operating 

efficiency of public transport. 



 

215 
 

● The analysis of the performances for a public transport line is necessary to highlight its attractiveness. 

Even for lower-performance lines, positive effects can be identified: ensuring an adequate service area, 

attracting passenger volumes that feed high-capacity lines, and improving overall performance. 

However, public transport lines must also be examined in terms of network access points. This analysis 

emphasizes the role of correspondences in structuring the network. I.e., how the overall logic of the 

network corresponds to the mobility needs of the territory. 

● Urban public transport and non-motorized travel are increasingly assimilated with the mandatory 

components of sustainable development of cities. In a congested urban environment with multimodal 

travel options, travel offers must be designed and dimensioned to ensure the judicious use of space and 

high performance of the operating of transport systems. 
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HOUR 8: Measures to Increase the Attractiveness of Intermodal Urban Mobility 
 

AUTHOR INFORMATION 

 

Author(s): Dorinela Costescu, Sergiu Olteanu 

E-mail(s): dorinela.costescu@upb.ro, sergiu.olteanu@upb.ro    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● Summarize the functions of intermodal hubs.  

 

Learning Outcomes  

At the end of the lesson, learners will be able to: 

● Explain the functions of the intermodal hubs.  

● Examine the stakeholders involved in the design and operation of intermodal hubs. 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

reading materials are advised to learn about the concepts introduced during the course.  

● ITF. 2012. Seamless Public Transport for All. Proceedings of a Joint Seminar held in Paris, France on 6 

March 2012. International Transport Forum. OECD. (Chapter 4. Physical integration of the public 

transportation network, pp. 45-56).  

 

LECTURE NOTES 

 

1 – INTRODUCTION 

The design of public transport networks has long been segmented by mode of transport/travel, sometimes 

leading to complex and inflexible routes for passengers. The complexity and densification of the spatial 

units involved a diversification and a widening of the mobility areas. Thus, according to sustainable mobility 

goals, city authorities have developed measures to connect different transport and mobility modes of 

transport. This approach aims to organize a mobility offer towards intermodality. 

mailto:dorinela.costescu@upb.ro
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As previous topics demonstrated, the main problem is to ensure seamless transitions from one mode to 

another: continuity of the journey chain, compatibility between modes, consistency, readability, etc. In fact, 

in the intermodal approach of the mobility system, more and more interchange points intervene to connect 

and correlate several types of services to widen the options of users (national, regional, tram-train heavy 

rail transport, urban rail transport, bus, interurban road transport, etc.).  

Therefore, one main problem requiring complex analysis is the design and management of different 

categories of intermodal points. 

This topic aims to identify the main functions of the intermodal hubs and the organizational components 

to characterize different typologies and identify appropriate measures to increase the attractiveness of the 

intermodal solutions. 

  

2 – MAIN BODY 

Journey Chain and Intermodal Hubs 

 

2.1. Disutility of Intermodal Transfers 

Despite the demonstrated economic, environmental and social equity benefits, intermodal mobility 

solutions are commonly perceived by travellers as a constraint compared to individual trips (especially by 

cars). Besides the correlation of infrastructure and service networks at different levels, a coordinated 

approach is necessary for designing the transfer station and facilities.  

Solutions for transfer comfort improvement are required. Generally, the multiplication of links between 

services diminishes the attractiveness of public transport (Wardman & Hine, 2000; Litman, 2012; Faivre, 

2015; Keizer et al., 2015). For users, the intermodal transfers negatively influence the perceived time of 

public transport  e.g., a journey time increased by less than 10% due to the restructuring of the public 

transport networks was perceived by users as a time increase by 40% to 50% (Dobruskes et al., 2011). 

Walking or waiting time for public transport access is typically perceived as two to five times longer or more 

"costly" than time spent in vehicles (Faivre, 2015). Therefore, the increase in the attractiveness of 

intermodal transport supposes the reduction of the penalty (or disutility) implied by intermodal transfers. 

In this framework, the following subjects refer to the main functions of the intermodal terminals or hubs.  

 

2.2. Definition of the Intermodal Hubs 

The terms intermodal hub, mobility hub, or interchange pole are similar but often used differently. In this 

module, the term Intermodal Hub (IMH) is defined as a node that concentrates multimodal and intermodal 

flows, including facilities that facilitate access for all user categories to all modal service networks, allow 

physical transfers between different transport modes, mobility service integration and additional value-
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added services (next to core mobility services). Consequently, three main function categories are assigned 

to the IMHs (Figure 1): 

● Mobility function: organizing and facilitating connections between modes; it decisively influences the 

attractiveness of public transport and intermodal solutions. 

● Urban function: insertion into the urban environment through the architectural quality of the location 

and through the appropriateness of the integrated street facilities and furniture. 

●  Service function: improving the comfort of travellers and quality of information through the 

development of commercial spaces and integration into urban activities at the local level. 

●  

 
Figure 1. Role of the intermodal hub  

Source: after Richer 2007 

Discussion  

The stations should be planned to optimize transport access and transfer. The comfort of passengers is 

crucial to increasing the attractiveness of public transport and intermodal solutions.  
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The video" So what is a Mobility Hub? - Future Transport Zone"6 emphasizes the presented functions of 

mobility hubs.  

● Mobility hubs cannot be reduced only to the technical connection of transport networks. They also 

have an urban function that refers to insertion into the urban environment. Another component is 

the service function of hubs. Services can be mobility-related (tickets, signage, pricing, etc.), urban 

space (city information, activities, etc.) or transversal (security, etc.). 

 

2.3. Characteristics of the Intermodal Hubs 

IMHs mainly aim to diminish the discomfort related to journey chains splitting, ensuring seamless access 

and intermodal transfers through efficient correspondence between different available transport modes, 

and maintaining the safety and comfort of travellers. Generally, the efficiency of IMHs depends on (Faivre, 

2015; Pitsiava-Latinopoulou & Lordanopoulos, 2012): 

● Adequate reliability and service adapted to the capacities of the IMH components 

● Good level of satisfaction in providing intermodal connections 

● A low cost of intermodal correspondences 

● Reduction of travel time 

● Direct access to different transport modes. 

IMHs are variable sized, from the simple combination of two transport modes, such as a key node in the 

suburbs, to large terminals with connections between multiple transport modes and large-scale urban 

functionality (shopping centres, housing, offices etc.). Depending on their geographical location, available 

transport modes, and passenger flow size, the following IMH classes can be distinguished (Faivre, 2015): 

● For long-distance trips (interzonal), ensuring long-distance travel between main cities. This category 

includes railway stations, bus stations, and airports. In general, waiting times are significant, and the 

frequency of trips varies more by the time of year than daily. In general, railway stations are in the 

center of the city, contributing to the development of an IHM. Airports integrate many other transport 

and mobility modes to connect travel in urban centers and peripheries. 

● For short-distance trips - refers mainly to journeys connecting the outskirts and the city centers. The 

frequency of trips is regular, and the flow of people may vary during the day. Waiting times are relatively 

short and transfers between different modes of transport must be efficient. 

● Park-and-ride – refers to parking areas built next to a railway station or metro station; it aims to 

facilitate the access of travelers to the urban network (as the Straulesti Intermodal Terminal example). 

They also contribute to facilitating the parking of travelers who come to the railway station and have 

no other satisfactory alternative to access the railway network. 

                                                           
6 https://www.youtube.com/watch?v=Ga9D7CFhh_g  

https://www.youtube.com/watch?v=Ga9D7CFhh_g
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● Urban facilities – include all urban layouts to facilitate travel between different transport and mobility 

modes (bus, tram, metro, bicycle, scooter, etc.). Stops and stations are designed to facilitate 

interchanges (access to platforms, access ramps, parking for bicycles and scooters). These urban 

interchange areas are generally inaccessible to private vehicles with their own traffic routes, thus 

avoiding the densification of road flows. 

 

Discussion  

Geographical location, available transport modes, and passenger flow size determine the IMH class and 

their complexity level. The IMHs for long-distance trips represent terminals that ensure networks' 

correlation at different hierarchical levels. In these types of IMHs, the most complex design and 

management problems (related to correlations of traffic infrastructure networks, design of the terminal 

facilities, and the capacity of adaptation to new mobility technologies and services). 

The video" Lyon Part-Dieu"7 emphasizes the main principles applied in designing a complex intermodal 

terminal, including transport, urban and service functions.  

 

2.4. Stakeholders Involved in the Management of the Intermodal Hubs 

Generally, in every country, the introduction and organization of regular and on-demand public transport 

are assigned to transport authorities. Usually, the decision levels are established according to land 

administration entities and transport modes. The organization of urban transport is the responsibility of 

the municipality, a public institution of inter-municipal cooperation or a mixed union. For interregional 

transport, road links are managed by local departments, and rail transport is mainly at the regional or 

national level. The operation of the service networks is done by the service delegation assigned to public or 

private companies. 

The design and management of the IMHs (in an integrated manner with types of activities related to the 

transport itself, the access infrastructure, the circulation and connection paths between different transport 

modes and networks) involves a diversity of decision-makers: 

● Infrastructure management companies (railways, platforms, underground passages, etc.), 

● Transport operators, 

● Administrative authorities at different territorial levels (general councils - for bus stations, 

municipalities - for roads etc., 

● Users and local communities, 

● Private companies (providing additional services), 

● Urban planners, architects. 

                                                           
7 Le projet du pôle d'échange multimodal (actualisation 2021) https://www.youtube.com/watch?v=5t1hNz3p_qI  

https://www.youtube.com/watch?v=5t1hNz3p_qI
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In practice, the stakeholder involvements are reflected by identifying a functionality domain (e.g., railway 

company/regional administrative authority, metro/railway authorization authority). Thus, this variety of 

stakeholders defines areas of institutional competencies that often are not coherent but where institutional 

cooperation is essential to ensure the seamless functioning of IMHs. The collaboration between the various 

players is beneficial for both the user and the community and is based on the complementarity of the 

implemented offers. This state can concern both network design, improvement of service connections 

(timetable correlation, intermodal facilities development etc.) and access to passenger information. 

 

Discussion  

The operation of an IHM is different depending on the involved stakeholders, and the service coverage area 

(urban, peri-urban, for a wide territory). For urban transport operators, the IHM is an area that allows 

correspondence between different modes of transport (e.g., a metro station in connection with a tram, 

several bus lines, etc.). The issue of intermodality related to the correlation of networks and administrative 

units at different levels (i.e., links between different network modes) is rarely mentioned. On the other 

hand, for operators on peri-urban networks, an IHM is limited to the coverage areas, i.e., mainly railway 

stations and/or bus stations connected to other networks. 

 

Involved stakeholders should define the typology of IHM according to the networks and correspondences 

of available transport modes. The responsibilities and competencies of different stakeholders must be 

clearly defined. 

● For an intermodal terminal with which you are familiar (or have used), identify the main 

particularities and categories of involved stakeholders. 

 

3 - CONCLUSION 

● In most cities, continuous dynamics are recorded in the planning and operations of different transport 

modes. Often, controversial goals and competition relationships intervene in the mobility system. The 

subjective preferences of users in choosing their travel modes, pressures from industrial groups 

promoting individual modes, and even limited focus of some transport companies on a single mode, 

generate negative impact and poor efficiency of the overall mobility system. The most important 

controversy is related to "cars vs. public transport". Intermodal solutions can ameliorate the modal 

split in favour of public transport. But significant efforts are necessary to ensure seamless journeys in 

an integrated mobility system. 

● An import role is assigned to intermodal transfer points that must diminish the disutility implied by 

breakings of the journey chain. Thus, intermodal hubs have to fulfil goals that are not always 

compatible: 
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- increasing accessibility by facilitating connections between mobility services, which remains the 

pole's main role 

- improving the access of users to the transport network by increasing the accessibility of the place 

(physical and geographical accessibility); 

- ensuring access to points of interest/urban activities and connections between different 

areas/territories. 

● Accordingly, the measures applied to design and operate intermodal hubs have to focus on: 

- analysis of infrastructure and service networks and ensure their correspondence,  

- insertion in an urban environment by architectural elements and urban facilities,  

- additional services offered to travelers. 
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MODULE #6: INFORMATION SYSTEMS AND TECHNOLOGIES FOR GREEN 

PUBLIC TRANSPORTATION 

HOUR 1: The future of cities and smart mobility 
 

AUTHOR INFORMATION 

 

Author(s): Silvia Golem  

E-mail: silvia.golem@efst.hr    

 

Teaching Objectives 

The main teaching objective is to introduce the concept of urban mobility and pedestrian-oriented urban 

design in the context of smarty cities. 

 

Learning Outcomes  

The learners will be able to;  

● discuss and explain modern developments in the field of urban planning and design, related to 

urban mobility.  

● evaluate various aspects of the active urban mobility modalities and pedestrian-oriented urban 

design. 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

 

Gassmann, O., Böhm, J., &  Palmié, M. (2019). Smart Cities: Introducing Digital Innovation to Cities. Emerald 

Publishing Ltd.  

Giffinger, R., Fertner, C., Kramar, H., & Meijers, E. (2007). Smart Cities Ranking of European Medium-Sized 

Cities. Vienna, UT: Centre of Regional Science., available at: http://www.smart-

cities.eu/download/city_ranking_final.pdf. 
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LECTURE NOTES 

 

1 – INTRODUCTION 

Cities represent the living environment of the future. The “century of the city” has been a crucial theme 

preoccupying politicians, business developers, city planners, public authorities, and citizens in recent years 

(Gassmann, Böhm & Palmié, 2019). Within the field of economics, cities are defined as powerful spatial 

concentrations of economic activities. In order to explain the phenomenon of cities, economists have been 

trying to offer a plausible explanation for the forces that keep economic subjects together within a relatively 

small area. Worldwide, more individuals are living in cities than in rural areas. In 2014, 54% of the human 

population resided in cities, whereas in 1950, city dwellers constituted only 30% of the global population. 

In 2040, 65% of the global population will be living in cities and urban societies will consume 80% of total 

energy, produce 75% of total CO2 emissions, and expend 75% of resources (Gassmann, Böhm & Palmié, 

2019).  

 

The fact that people are attracted by cities suggest that the positive effects associated with life in cities are 

higher than the negative aspects of it. Agglomeration economies - invisible, external benefits related to 

concentrations - explain why proximity and frequent interactions seem to make people and firms more 

productive and more innovative. Modern cities are powerful forces of the national economies. In fact, cities 

are places where life happens - innovation, education, creation, trade, production, consumption…i.e., the 

bulk of the economic activities that is studied in macroeconomics, labor economics, industrial organization, 

financial economics, etc. occurs in cities. Modern economic growth theories point to the rising importance 

of knowledge and the ability of cities to help spread that knowledge. The economic strength of cities 

compared to national economies, approximated by the comparison of GDP per capita for capital city 

metropolitan regions to national GDP per capita is shown in Figure 1. In most of the European countries, 

economic strength of capital city metropolitan regions exceeds the economic significance of nations which 

shows the increasing importance of cities. 
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Figure 1. GDP per inhabitant for capital city metropolitan regions, 2012 (national average = 100; based 

on PPS per inhabitant) 

Source: Eurostat (2016), Urban Europe - statistics on cities, towns, and suburbs. 

 

2 – MAIN BODY 

Smart cities have emerged as a possible solution to sustainability problems deriving from rapid 

urbanization. They are considered imperative for a sustainable future. Despite their recent popularity, the 

literature reveals the lack of conceptual clarity around the term of smart city, due to the plethora of existing 

definitions (Toli & Murtagh, 2020). Smart cities use different types of technology and data in order to 

achieve a better quality of life for all their residents. They can be viewed as cities performing well on six 

characteristics: environment, economy, mobility, people, living and governance, as shown in Figure 2. Small 

and medium-size cities (with between 300,000 and 5 million inhabitants) are considered better places to 

live compared to megacities, and within Europe, they have a predominant role with respect to smart city 

initiatives.  
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Figure 2: Smart city characteristics and factors 

Source: Giffinger et al. (2007) 

 

Among the six characteristics of smart cities mentioned above, we focus on smart urban mobility. Smart 

urban mobility refers to using the relevant data and modern ICT in order to improve quality of mobility - 

optimize travel time and usage of the existing transportation infrastructure, reduce congestion, noise, 

pollution and traffic accidents - and thereby to improve the quality of urban life. According to European 

Commission (2020), people are willing to switch to more sustainable modes of transport, in their daily 

mobility, with the main condition for switching being the cost, availability, and speed. While there are 

different modalities of urban mobility, we focus mostly on slow, active modalities such as cycling and 

walking.  

The data shows that commuting (from and to work) is the main reason for the daily urban mobility (see 

Figure 3). Between 27% in Germany and 47% in Croatia of the daily distance travelled is for work. In most 

cases, this is the distance between home and the place of work and back. Leisure or Personal business is 

generally the second purpose in terms of distance, followed by Shopping. 
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Figure 3: Distribution of distance travel per person per day by travel purpose for urban mobility on all 

days 

 

As for the travel mode, it seems that car is still the dominant modality of urban mobility in the EU countries. 

As depicted in Figure 4., for urban mobility, regardless of the day (work or non-work), the private car is 

mostly used (as a driver or as a passenger). The share ranges from 57% of the total daily distance travelled 

in Romania to 81% in Slovenia. Bus, coach, and urban rail combined are most frequently used in Romania 

and Poland (both around 30 % of the distance covered). Other national differences include a comparatively 

high share (7%) for powered two-wheelers in Greece and a considerable 16% for bicycles in the 

Netherlands, followed by Denmark and Belgium (both 7%), then Germany (5%).  

 

In order to motive people to use slow, active modalities of urban mobility in their everyday lives, such as 

cycling and walking, urban planners are turning towards implementation of pedestrian-oriented urban 

planning and design. This shift from car-oriented to pedestrian-oriented approach in city planning is in line 

with the EU efforts to create appropriate conditions for the higher uptake of sustainable mobility modalities 

that are safe, green, competitive, and affordable (European Commission, 2020). Car-dependent city 

planning has resulted in high levels of environmental pollution, sedentary lifestyles, and increased 

vulnerability to the effects of climate change (Mueller et al., 2020). In order to stimulate the slow mobility 

modalities, cities need to ensure a high-quality cycling and walking infrastructure and (re)create the so 
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called “walkable neighbourhoods”; that is, pedestrian-friendly neighbourhoods that support and encourage 

useful, safe and comfortable walking experience.  Main functions consumed by the residents should be 

located close to residential buildings, available within the walking distance. There are many positive impacts 

of walking, such as personal (savings, greater physical activity, better social life) and socio-economic and 

environmental impacts (greater social and human capital, less emissions, cleaner air…). 

 

 

 

3 - CONCLUSION 

The lesson concludes with the case-study demonstrating the implementation of pedestrian-oriented urban 

design in the form of superblocks in Barcelona. The Barcelona Superblock model is an innovative urban and 

transport planning strategy that aims to reclaim public space for people, reduce motorized transport, 

promote sustainable mobility and active lifestyles, provide urban greening, and mitigate effects of climate 

change (Mueller et al., 2020). 
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Figure 4: Barcelona Superblocks 

Source: Mueller et al. (2020) 
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Teaching Objectives 

Introduce core features of information systems and technologies for green public transportation 

Introducing the importance of data in decision-making in smart cities 

 

Learning Outcomes  

The learners will be able to;  

● explain the role and functions of underlying IoT and AI technologies in supporting green public 

transportation systems.  

● recognize and evaluate technologies and information systems across various green public 

transportation modes.  

● explain the data transformation process from raw data generated by ISs to information and 

knowledge needed for decision and action-making. 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

Book Chapter from the book Promoting Sustainable Public Transportation Strategies in Urban 

Environments (in the process of publishing by IGI Global). 

Jadrić, M., Ninčević Pašalić, I., & Ćukušić, M. (2020). Process Mining Contributions to Discrete-event 

Simulation Modelling. Business Systems Research, 11(2), 51–72. 
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LECTURE NOTES 

 

1 – INTRODUCTION 

Overburdened infrastructure is one of the most pressing issues confronting cities today. Cities are 

attempting to address these issues by implementing a variety of creative concepts and technology, 

including smart city programs. 

The modernization of public transportation is one of the most fundamental characteristics of smart cities. 

Furthermore, when examining the concept of a smart city and everything it entails, it is clear that the entire 

concept will fail without a well-designed transportation system. 

 

As a result, the growing notion of smart mobility is aimed to give its users with on-demand access to a 

system of clean, green, efficient, and flexible transportation (Anable et al., 2018). To improve the efficiency 

of the transportation network, modern technologies are deployed. 

 

2 – MAIN BODY 

Excerpts from future book chapter: 

 

2.1. UNDERLYING TECHNOLOGIES FOR SMART MOBILITY SECTOR 

The smart cities concept is based on the following concepts: 

● Machine to Machine (M2M) concept signifies communication between devices and is used 

to exchange data between machines, devices, or applications (e.g., between vehicles, between 

ATMs).  

● Internet of Things (IoT) signifies automation systems and processes put into a single, 

common intelligent network. It implies the installation of various sensors and their connection to 

local and city internet networks to recognise, monitor and manage objects. 

● Intelligent Transport System (ITS) - system that optimizes traffic routes and traffic flow on 

the roads, enables simpler choices between different transport means, has a positive effect on 

the vehicle production process and increases the flow capacity of goods and people in traffic. 

  

2.2. CLASSIFICATION OF MODERN INFORMATION SYSTEMS IN PUBLIC TRANSPORT IN (SMART) CITIES 

2.2.1. Billing and ticketing systems                   

Automated fare collection service 

Automated fare collection services or AFCS systems are systems that operate in a precise, reliable, and 

contactless way when charging transportation services and in that way contribute to stable and 

productive public transport. AFCS consists of automatic ticket sales and ticket verification with the 
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assistance of vending machines. Instead of paying the tickets to use public transport services in the 

traditional way, vending machines and internet services are used (World Bank, 2016). The main 

components of this system are (Sociedad Ibérica de Construcciones Eléctricas, 2016): tickets (paper or 

electronic), ticket vending machines or Internet services with various payment options, a connected 

card reader, and a central management system. 

AFCS works in a way that the user of the transport service makes the ticket purchase at the appropriate 

ticket vending machine or via the internet with a selected payment instrument. After purchasing tickets, 

in physical or digital form, the user scans the ticket on the ticket machine that checks the validity of the 

ticket and ultimately enables a user to use public transport service. All the above steps in this process 

are guided and controlled by the central management system. 

 
Figure 1. Components AFCS  

Source: (Lotgroup, 2018) 

 

Smart Ticketing System 

Traditionally, a transport ticket is a paper or cardboard with information about the origin and destination 

of the trip paid for, and any related conditions such as a specific timeline or legal conditions applicable for 

the trip.  Many cities today issue some form of smart card, i.e., a device the size of a credit card that has a 

small amount of processing power and storage on a microchip that is built into the smart card. The smart 

card gets electricity from communication with the infrastructure in the near field, so battery power is not 

required. This kind of city card can be issued once per trip, but some cards can be charged with money 

depending on the wishes and needs of the users. Some cards serve as weekly, monthly, or yearly 

transportation tickets. Traditional banks and credit card companies have also emerged in the transportation 
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services market by offering contactless payment cards in public transport at swipe in and swipe 

out terminals (Samspon et al., 2019). 

Recent trends show that transport users want a "universal" card, not a wallet with a lot of cards. Therefore, 

many public transportation providers offer one ticket option for all trips or separate tickets in a single 

secure smart wallet. This reduces complexity, easy the handling of numerous data and other 

inconveniences for the user are avoided (World Bank, 2016).   

 
Figure 2. Smart ticketing system  

Source: (Huajie, 2020) 

 

2.2.2. Information collection systems                       

Automatic Vehicle Location System (AVLS)     

For many years, designers of urban communication systems have worked to develop devices and systems 

that can continuously monitor the position and status of vehicles located in an urban environment (Riter, 

1977). The proliferation of cheap and compact GPS receivers has influenced the emergence of automatic 

vehicle location systems or AVLS that almost exclusively use satellite location systems. AVLS is a command-

and-control system intended primarily for vehicle tracking, intending to obtain precise coordinates such as 

the time and place of a particular object of observation. In this way, data users can see and be in contact 

with a specific vehicle at any time via the GPS station device (Ministry of the Interior, 2012).  AVL systems 

have two main parts: GPS on each public transport vehicle that tracks the real-time location and software 

that displays the location of the vehicle on a map. GPS is usually transmitted first to the satellite and then 

to the end-user via various information systems in public transport (US Department of Homeland Security, 

2009).   
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Figure 3. GPS based AVL system  

Source: (RoseIndia, 2018) 

 

Formally, an AVL system is a collection of electronic or electromechanical devices used to collect vehicle 

position data in urban areas. The keyword in this definition is automatic as the system should not require 

(or only occasionally) action by the vehicle operator. These devices combine GPS technology, "street-level" 

mapping, and an intuitive user interface to improve fleet management and customer service (TechTarget, 

2020). For example, a company using an AVL system can determine the length, width, speed, and direction 

of a particular vehicle. The location of the vehicle can be found quickly, and the vehicle can be rerouted to 

provide timely service to the public transport user.   

 

Data Analysis and Real-Time Management     

The most important resource of every company today, including those involved in public transport, is 

data. In order to be abreast with modern technology, the company must be up to date with real-time 

data. Companies can use updated data to collect information and sell their products and services if their 

data is recorded in real-time (Axual, 2020). 

To ensure continuous data outputs, the data inputs must flow continuously. For example, a system for 

monitoring traffic in real-time, such as systems based on automated monitoring of vehicle location via GPS, 

collects data in real-time to show traffic jams.  

Real-time data processing is a method used when data entry requirements need to be met quickly and it 

begins with receiving data. Data entry can be single or multiple. After receiving the data, the computer 

sends a query about what to do with the given data. Different scenarios can occur in this sequence, and 
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each possible outcome needs to be programmed (Axual, 2020). The system then adapts to the scenario and 

takes steps accordingly. Once the steps are taken, the output is displayed immediately. All these steps are 

done in a few seconds.  

 

 

 
Figure 4. Data sources  

Source: (National Operations Center of Excellence, 2021)  

 

 

Fleet Management System     

The fleet management system represents the organization and coordination of public transport 

vehicles with the help of modern technological solutions. Effective fleet management can help reduce costs 

and improve vehicle efficiency and typically consists of tracking vehicle location and mechanical 

information, as well as drivers’ monitoring systems, all using a series of built-in sensors to collect data 

wirelessly (Samspon et al., 2019). The vehicle is connected to the operational base where all the necessary 

information is sent and then processed to achieve quality service for passengers. 
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Figure 5. Fleet management system modules  

Source: (Tech Moukthika, 2016)  

 

2.2.3. Vehicle Maintenance Systems      

Depot Management System 

A depot is a place where public transport vehicles are parked and maintained. Usually, this place has various 

facilities such as a place for washing vehicles, regular maintenance, services and refuelling. Due to the 

increasing number of activities in the depot, depot management software is increasingly used, with the 

primary purpose of facilitating and automating the regular maintenance of vehicles. 

The Depot Management System (DMS) uses software to collect a range of data such as fleet data, office 

administration data and refuelling data. In addition, this system allows users to make better decisions based 

on mentioned data, improve their performance, and achieve selected goals. DMS allows public transport 

vehicles to be ready for daily operations and instructed to the right routes. The system monitors all 

processes that take place in depots, from the arrival of vehicles to their repair and parking - efficiently in a 

way that saves resources and prevents additional unforeseen costs (CEPT University, 2018).  
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Figure 6. Depot management system modules 

Source: (NEC, 2021)  

 

2.2.4. Passenger Information Systems                       

Passenger Information System  

Passenger Information System (PIS) is one of the main ways to improve the passenger experience and their 

main goal is to provide accurate information to public transport users and other participants promptly so 

that vehicle routes can be adapted according to this information. These systems can operate through a 

variety of computer terminals, mobile devices such as smartphones, and in-vehicle devices. These systems 

are important as passengers can be informed of any changes in real-time, and they can be informed about 

alternative options based on their preferences. Passengers can be informed about situations that may 

affect their traveling decisions (e.g., weather changes, price changes, etc.). In smart cities, the passenger 

information system should be understood as a key element in the public transport strategy given that these 

systems supply passengers with direct information. These systems are important not only in planning the 

routes, but also in reducing uncertainty for passengers in case of possible delays or changes in routes. 

Providing the correct information is essential in offering users a seamless and worry-free experience using 

public transportation. Active modes of public transport (such as cycling) are often forgotten when collecting 

the data but have one of the greatest impacts on sustainable mobility (Samspon, 2019). 
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Figure 7. Possible forms of ISP  

Source: (Saman control, 2018)  

 

Real-Time Vehicle Monitoring     

A real-time vehicle tracking system allows real-time vehicle and driver tracking using any device connected 

to the internet. This is a very simple system as it enables reliable real-time information for providers of 

public transport without the use of additional software. 

A real-time vehicle tracking system also records data on vehicle behavior in traffic. The system identifies 

where the vehicle has stopped and at what time. This system has map views showing all the trips and routes 

that took place on a given day, with all directions and speed marks. In this way, it is possible to easily 

improve and adapt routes to current needs. 
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Figure 8. An example of a real-time vehicle tracking system  

Source: (Saad et al., 2018)  

 

 

2.2.5. Traffic Safety Systems 

Smart Camera Systems  

The privacy and safety of passengers are of great importance in public transport. The security camera 

system helps in securing safety in large cities. Today, more and more attention is being paid to the way the 

security camera system can be improved using modern technology to raise the safety and privacy of 

passengers to a higher level. There is increasing use of smart IoT cameras, equipped with powerful 

processors and video analysis software that can recognize objects and interpret events in the environment 

in the same way that people can. These cameras, if connected to other IoT devices, can respond in real-

time to various events, such as sending emergency messages or stimulating the activities of other systems 

(Penfold, 2020). 

In addition to improving passenger safety and satisfaction, smart cameras make it easy to plan and allocate 

resources in real-time. Since smart cameras are equipped with a video analytics system, they can interpret 

video data for statistical purposes. The processing of this data creates very useful information for public 

transport providers as it gives them clear guidelines for improving business processes. 
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Figure 9. How the security camera system works  

Source: (Ashtopus Technologies, 2022) 

 

IoT Sensors 

Internet of Things (IoT) is defined as a network of devices that communicate with each other and exchange 

data over the internet. The objects are equipped with various types of sensors, transmitters and receivers 

that are interconnected and form a network that can be analyzed. 

Data shows that road, rail, air, and marine transportation have been responsible for over 24% of global CO2 

emissions in 2016 (World Resources Institute, 2019). Recently, there is a growing body of research proving 

that real-time IoT systems that address real-time traffic behavior, vehicle emissions, pollutant dispersion, 

and passenger concentration could address this problem (Xhafka, 2015). Improved navigation is one of the 

primary ways the IoT can help reduce emissions. IoT devices in the fleet, in real-time, transmit traffic and 

time information between vehicles. With this information, smart navigation systems can adjust the route 

to ensure as few delays as possible, and as the delay is reduced, vehicle travel will be reduced along with 

emissions. 
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Vehicle maintenance is an often-overlooked aspect of green public transportation. Vehicle engines are 

more efficient when in good condition, so preventing malfunctions and resolving problems early can 

prevent higher CO2 emissions. The IoT can help in this area by providing the data needed to deliver efficient 

vehicle maintenance practices.   

 
Figure 10. IoT sensor capabilities  

Source: (Indiamart, 2021)  

 

2.2.6. Automatic Vehicle Control Systems                       

Autonomous Vehicle Public Transportation System     

Autonomous vehicles (AV) are vehicles operating without the need for human intervention in a way that it 

senses the environment, detect and classify objects and identify the navigation paths. The US 

Department of Transportation classified autonomous vehicles into six levels: Level 0 - no autonomy, Levels 

1-3 - the driver has primary control over the vehicle and vehicle autonomy is partially used, Levels 4-5 - the 

vehicle is completely autonomous. 

The AV concept first appeared in the 1920s and has been researched for more than 30 years. The AV system 

is equipped with a large number of sensors, including rangefinders, side and front radars, high-resolution 

cameras, GPS modules, gyroscopes and more. These systems give the vehicle full sensory capability to be 

able to adapt to the environment and have fully automated control. In 2007, the 

DARPA Urban Challenge raised awareness of the possibilities of AV systems in traffic and their performance 
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in complex manoeuvres. In 2010, the ViSLAB conducted an experiment in which several vehicles without 

drivers successfully travelled 13,000 kilometers from Italy to China. Numerous studies have made it possible 

that by the end of 2013, several countries prepared legal frameworks that allowed AVs to operate on roads 

(Lam et al., 2014).   

AVs offer an opportunity for governments, transport companies and agencies to improve the efficiency, 

competitiveness, safety, accessibility, and reliability of current public transport services (Baxter, 2020). AVs 

improve traffic safety by avoiding bad driving and distracted drivers. Research has shown that autonomous 

public transport vehicles pose a lower risk of accidents compared to conventional vehicles (e.g., Portouli et 

al., 2017). 

 

 
Figure 11. Autonomous bus architecture  

Source: (Montes et al., 2017)  

2.2.7. Vehicle Sharing Systems                       

Car Sharing Service     

Car sharing is a subscription-based service that has a network of stations and vehicles that provide an 

alternative to traditional car use (Zheng, 2013). This is a service increasingly present in a globalized industry 

and is based on providing a car when needed by the user, without having to use their car. In the last 30 

years, car-sharing has grown from a basic service provided by local organizations to a largely recognized, 

transforming the urban transportation industry. 
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The car sharing system makes vehicle usage easy and affordable. This service relieves citizens of the costs 

of purchase, registration, maintenance and insurance, loss of its value and additional work such as refuelling 

and finding a parking space. Although this is an innovative system, this system is easy to use as vehicle 

booking, unlocking and payment are done via a smartphone application (DuList, 2019). 

The most popular car sharing model is a two-way model that requires users to borrow and return the car 

to the same station. This model showed positive social and environmental impact, including the reduction 

of ownership of private vehicles. According to Jochem et al.’s (2020) study in European cities, one shared 

vehicle can replace up to 20 private vehicles in some cities.  

Peer-to-peer and one-way models are the latest advancements in the car sharing industry (Zheng, 

2013). In peer-to-peer models, shared vehicles are owned by a private person, in this way, the existing stock 

of private vehicles is used. RentMyCar was the first to implement this model, and today peer-to-

peer models use is growing as this model does not require an initial investment in buying a car. The one-

way model is the latest model that allows the user to pick up the vehicle at one location and return it to 

another.   

 

 
Figure 12. How car sharing works  

Source: (Edwin Conan, 2008)  
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 Bicycle Sharing Service     

Bicycle sharing system is a service of common carriage in which bikes are available to individuals on a short-

term basis for common use with a specific fee or free of charge (Kittilaksanawong & Liu, 2021). Many bicycle 

sharing systems allow people to borrow a bicycle from a terminal and return it to another (same system) 

terminal. The terminals or docks are special bicycle racks that lock and release the bike with the help of 

computers. When the user provides payment information and requests a bicycle, the computer unlocks the 

bicycle at the terminal. After riding, the user returns the bicycle by placing it in the terminal that locks it. 

 
Figure 13. How the bicycle sharing system works 

Source: (MicroProgram, 2021) 

 

3. PUBLIC TRANSPORT IN CITIES – CASE STUDIES FROM EUROPE 

3.1. City of Rome 

Integrated Mobile E-Ticketing Service and PIS            

In 2015, a new service called BIPiù was launched in Rome which allowed the purchase of online bus and 

metro tickets via smartphones. Service BiPiù is available through a free application called myCicero 

that integrates into the application all the information about local mobility, schedules and calculated 

routes, information about the purchase of bus and metro tickets, as well as information about street 

parking. 

From 2015, MyCicero provides Rome with a new contactless ticketing service available through mobile 

devices. This system responds to the needs of new customer segments through media dematerialization, 

and on the other hand, responds to the needs of virtual sales networks i.e., new distribution channels that 

provide 24 hours coverage. Once a user is registered on myCicero, he/she can buy a ticket through the 

application and get the ticket to his/her smartphone. In order to use the transport service, the users must 
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scan obtained ticket from a smart device using the QR code reader, which will then allow him/her to use 

the public transport service. A new ticket sales system required new management methods: controllers 

have a hand-held device with an application that checks if the ticket has been scanned (Samspon, 2019).  

 
Figure 14. Using the myCicero application in public transport in Rome 

Source: (Samspon et al., 2019) 

3.2. City of Paris  

AV Metro Line 1           

Since 2000, RATP, the Paris city transport operator, has undertaken an extensive program of automatic 

train control (ATC) on its metro network. The entire program aimed to increase safety and transport 

capacity and improve passenger comfort. The program aimed to automate trains (Paris lines 3, 5, 9, 10 and 

12) while partnering with Siemens Transportation as part of the overall modernization plan of Paris 

transport (Braban & Charon, 2010). In addition to the benefits of improving passenger safety and comfort, 

the aim is to achieve substitutability in train management, i.e. to enable trains to run automatically, without 

drivers. In collaboration with program Ouragan, feasibility studies were carried out to upgrade existing high-

demand lines to driverless lines, following the example of line 14, which has been operating since 1998 and 

is driverless since day one. 

Great attention is paid to the automation of line 1, which is the busiest metro line in Paris. Line 1 automation 

achieves two goals: 1) upgrading PA BF (tag type of automatic train management solution designed by 

Siemens in the early 1970s) communication-based control of trains and 2) a complete transfer to driverless 

train management. 
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Figure 15. Parisian metro without driver on line 1  

3.3. City of London 

Green Public Transport           

Given the growing negative trends associated with transport, the City of London has developed a Transport 

Strategy that seeks to change the way passengers choose their mode of transport. By 2041, 80% of London 

residents are expected to travel on foot, by bicycle, or by public transport (Mayor's Transport Strategy, 

2018). The emission of harmful gases from vehicles damages the streets, harms health, and contributes 

to climate change. London aims to meet the legal limits of air quality as soon as possible, and the creation 

of streets and routes that encourage walking, cycling and the use of public transport will play a major role 

in achieving this goal (London, 2022).   

For vehicles remaining on the roads, it is important to reduce emissions as soon as possible and to switch 

to zero-emission technologies. TfL plans to realize its approach after widespread public consultation and by 

introducing an ultra-low emission zone and a toxicity charge (T- Charge). In the following years, most 

London double-decker buses are expected to be hybrid or electric so that only the greenest and cleanest 

buses take part in public transport. By 2037, all 9,200 buses across London are expected to have zero 

emissions. The success of London’s transport system in the future will depend on the city becoming a place 

where people choose to walk and ride a bike.  

TfL is also expanding its use of traffic sensors using artificial intelligence (AI) to detect traffic participants 

and decide on the mode of transportation they use.  

 

3.4 City of Split 

Bicycle Sharing System           

Split parking company for communal services, in cooperation with the City of Split, introduced the public 

bicycle system as a new form of public city transport within the European project REMEDIO. This system 

was adopted as part of a new multimodal way of traffic functioning in Split, which enables a healthier and 
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more mobile way of life and reduces traffic jams and the emission of harmful gases. The system of public 

bicycles in Split has enabled better traffic connections in the city area and has responded positively to 

modern environmental challenges (Split Tourist Board, 2021).  

 
Figure 16. Station of the public bicycle system in Split 

 (Source: authors) 

 

4. DATA AS INPUT FOR DECISION-MAKING 

Learners will be introduced to the importance of data in smart cities for planning and operating. Typical 

questions that data can answer will be introduces, as well as process it goes from raw data to information, 

knowledge, decision, and action.  

 

Case Study - Split Parking (company owned by City of Split) Data 

In a case study, students will be given data from a single parking from Split parking (company owned by City 

of Split). Together with lecturer, the learners will run ETL (extraction, transformation, loading) process on 

input data and afterwards will process data in software Rapid Miner. The aim of the study can be related 

to optimisation scenarios, determination of peak load, or e.g., to identify poorly used parking spaces and 

release these to the general public (e.g., for long term leases or similar). 

 

Visualising Data 

Examples of data visualization will be shown using Tableau software. 
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5 - CONCLUSION 

Modern information systems are the foundation of everything that makes a smart city, including public 

transport. Modern information systems are used in public transport in many ways, and each of them has 

the purpose of facilitating and improving public transport for citizens. Today's demographic changes in 

urban areas have changed the ways of public transport and encouraged its strong computerization. 

Using modern information systems in public transport has many advantages. Some of them include shorter 

travel time and an increase in the quality of transportation. Modern information systems allow for greater 

flexibility as passengers are given multiple choices related to their journey. Some modern information 

systems make it easier to plan travel routes, and some increase passenger safety and reduce gas emissions 

into the atmosphere, thus promoting sustainable public transport in a (smart) city. Every information 

system in public transport has a shared purpose and objective – to improve the satisfaction of public 

transport passengers. 

Given that modern information systems in public transport are of many purposes and types, through the 

examples of several (smart) cities it is shown that each city has its version of a particular information system 

that achieves the goals of smart mobility. Data collected through those system should be analysed and used 

for decision making processes. 
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Teaching Objectives 

The lecture will provide participants with the overview of Scenario Exploration System (SES) and its 

potential to support decision-making across various green public transportation modes. Learners will be 

guided in a serious game scenario exploring decision support models that could ensure a better quality of 

service delivery and increase efficiency and effectiveness of green public transport. 

 

Learning Outcomes  

In this lesson, learners will gain an understanding of; 

• general concepts and technologies needed for operation optimization and decision support in 

green public transportation,  

• the challenges in integrating data generated by various stakeholders in green public 

transportation. 
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Prerequisite Knowledge, Skills, Attitudes 

This lesson should follow the lessons related to the role and functions of underlying IoT and AI technologies 

and the examples of dashboards and information systems across various green public transportation 

modes. General understanding of these topics would be a prerequisite for participation in the role-playing 

activity. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

• Docherty, I., Marsden, G., & Anable, J. (2018). The governance of smart mobility. 

Transportation Research Part A: Policy and Practice, 115, 114–125. 

• Li, H-R. (2016). Study on Green Transportation System of International Metropolises. Procedia 

Engineering, 137, 762–771. 

• Ogryzek, M., Adamska-Kmieć, D., & Klimach, A. (2020). Sustainable Transport: An Efficient 

Transportation Network—Case Study. Sustainability, 12(19), 8274. 

LECTURE NOTES 

 

1 – INTRODUCTION 

The Scenario Exploration System (SES) is a serious game released under a Creative Commons license that 

engages participants in the systemic and collective reflection through building different scenarios. It was 

designed by the Joint Research Centre of the European Commission and is maintained by its Competence 

Centre on Foresight (European Commission, n.d.b). There are several adaptations of the game, one of which 

is used to discuss the future of mobility from different perspectives. The scenario titled “Future Mobility 

SES edition” was designed in an event titled "Mobility is a serious game" in 2017, and is available for 

download (European Commission, n.d.a). 

 

2 – MAIN BODY 

Information Package 

The Future of mobility scenario game includes the board, different cards representing megatrends, 

uncertainty and actions, tokens in 5 different colors, cube/die (instructions, board, and cards. The complete 

package is available from the Competence Centre on Foresight website (European Commission, n.d.a). It 

also includes Participant's record sheets and the Score sheet. 

Game Playing  

Depending on the number of course's participants, a single or two SES games should be prepared before 

class. Each game should have a minimum of 5 participants and up to 15 as a maximum. For example, in case 
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there are 10 participants (students), the alternatives are: a) organizing 2 tables for 2 SES games that will be 

played separately but simultaneously in the same classroom, or b) organizing a larger table for a single SES 

game where 5 roles are distributed between pairs (total of 10 participants). 

 

The first 20 minutes are planned for introducing participants to the foresight gaming system (SES) in 

general, stating that European Commission's Joint Research Centre developed the tool and explaining that 

the scenario's purpose is to engage different stakeholders in systematic future thinking on a specific topic 

with a long-term perspective to explore alternative futures. General rules (possible scenarios, player roles, 

procedure, scoring) are also presented.  

 

Then, in the next 20 minutes the Scenario master (teacher) offers four possible scenarios to be played, and 

participants choose one. The possibilities are:  

 1) Autonomy drives all,  

 2) Climate measures get tough,  

 3) Transport moving the masses, and  

 4) Innovation is our business model.  

 

The details of the scenario are written in scenario details cards. The teacher can choose the scenario instead 

of students, having in mind learning outcomes. After choosing the scenario, participants decide on their 

roles: National Government, Local Government, Business, or a Non-Governmental Organisation (NGO). A 

fifth participant plays the role of the Public Voice analyzing the actions of the participants, giving feedback 

and scoring the actions of the four scenario explorers (i.e., participants – students, entrepreneurs, city 

administrators etc.). The teacher introduces them to the record and score sheets, and tokens. The 

appropriate number of action cards and resource tokens are handed out to the participants. 
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Figure 1. SES board and material procedure 
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Then, 60 minutes are planned for Round 1, 2 and 3. At the beginning of the session, the start year is set 

(e.g. current year or 2025, etc.). If the current year is set as a starting point, Round 1 represents the near 

future, i.e. what will happen in five years; Round 2 represents what will happen in ten years and Round 3 

twenty years. If some year in the future is set as a starting point, Round 1 represents what happened up to 

that point; Round 2 what happened in ten years from today and Round 3 in twenty years. The teacher can 

set the year or let the participants choose.  The teacher gives participants a few minutes to choose a role 

and explain their choice to others and the long-term vision (where their organization will be in 20 years?). 

The business should have a clear business plan, location, size, market, suppliers. The NGO must specify its 

scope, objective, membership details. The national government must specify its government department; 

the local government must be the city government or similar authority responsible for local transport. The 

Public Voice chooses its profile (socio-economic positioning, political opinion, aspirations, etc.) and 

perspective/philosophy. At the beginning of each round, corresponding detailed scenario cards are shown 

by the teacher explaining what will happen or had happened in 5 or 10 years. All participants except the 

Public Voice pick two Real Life cards that they keep secret, and Uncertainty card is shown. All participants 

roll the die (not the Public Voice), and the highest score plays first, the others in an order descending 

according to their roll of the die (6 goes first, then 5 etc.). Participants get 3 min to define what action they 

want to take (based on given Action cards). They write on their record sheet what their action is and how 

many tokens they use to support it. They then have 2 min to place their Action Card and corresponding RTs 

on the board and give a verbal explanation for the action. Public Voice explains its opinion on each action, 

its overall perspective on the situation and distributes Future Impact Tokens. Then, Real Life cards may be 

used (not required!). Some can be used earlier (see specific instructions on the cards). 

Scores are calculated by the teacher after all Real-Life cards have been used, and she/he records the scores 

on the Record sheet. The explorers that have used a Real-Life card pick a new one, so they hold two at the 

start of every round. 

Round 2 begins by revealing a new uncertainty that will affect this round. The previous one is placed at the 

bottom of the pile. The teacher describes briefly what happened in Round 1, and then reveals and builds a 

story based on the 10-year Scenario Detail cards. All explorers roll the die, following the same logic as in 

the previous round. They repeat the same process for defining their action, recording it, and deploying their 

resource tokens. Then, they have to explain their action as per Round 1. The news is that the explorers who 

want to collaborate invite others to do so when it is their turn. The invited explorers who accept to 

collaborate put Resource Tokens on the corresponding action(s). The turn is now on Public Voice who 

explains its opinion on each action, its overall perspective on the situation and distributes Future Impact 

Tokens. If there is an interest Real Life cards are used. Scores are calculated and recorded in the attached 

sheets and Real-Life cards replenished if used in this round. Round 3 starts again with revealing new 

Uncertainty for this round, and the teacher describes what happened in the previous round following the 
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revealing of new 20-year Scenario cards. The same procedure follows rolling the die by explorers, taking 

and recording actions, scoring by Public Voice, using Real Life cards and calculating the final scores. 

 

The last 20 minutes are used to summarize the events that happened over the three rounds and sum the 

scores of all explorers. Collective assessment is made if the explorers achieved their objectives and if these 

events could bring us to a sustainable future. Challenges faced by participants are discussed as well. There 

does not have to be necessarily a winner in each scenario game – this is the teacher's decision.  Group 

conversation at the end of the game takes place to reflect on the experiences everyone had during the 

game. Some questions: Do the stories that were created make sense? What did you learn from the session? 

How has it changed your mind on a specific issue? How would it be different with a different audience? 

Who should play this game if we were to do it again? Does it make you feel confident about the future? 

Record sheets can be collected and analyzed further later. 

 

Case Study 

In May 2021, two train-the-trainer workshops were organized so that future teachers and associates could 

get a better understanding of the foresight game Scenario Exploration System (SES). The participants 

confirmed that the original purpose of the serious game could be achieved with participants from different 

backgrounds (information system development, business, urban development and so on), i.e., the game 

engages participants in systematic thinking with a long-term perspective and motivates them to explore an 

alternative future on specific issues and topics. There are many versions and adaptations of the SES game, 

and the team tried-out the following: 1) Mobility is a serious game, 2) EU innovate and 3) Operation 

Sustainability: The city greening game.  

The participants were led by the Scenario master Ivana Ninčević Pašalić and played a specific scenario within 

the Operation Sustainability game where the main theme of sustainability was improving the quality of life 

in Split. Participants were given different roles in the scenario "City for us" (representatives of the city, 

representatives of the Ministry, representatives of the business sector and civil society and the voice of the 

people) and made a number of interesting decisions and activities through a scenario of 20 years. The 

workshop was an introduction to future work with students and other stakeholders and to raising 

awareness in general about the importance of anticipation in the strategic thinking of public policies and 

decisions. The working atmosphere and the detail of the game board are illustrated in Figures 1 and 2 

respectively.  
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Figure 2. Photography from the SES workshop 

 

Figure 3. SES gameboard detail 

 

 

3 - CONCLUSION 

The objective of SES is to facilitate the application of future predictions in public policymaking. The SES is 

designed to engage different stakeholders in systematic long-term thinking and to explore alternative 

futures for issues on a variety of topics (in less than three hours). The four characteristics of the tool are: 

versatility, a wide range of potential users, the ability to interact with a wide variety of participants and 

circumstances, and adaptability (Bontaux, 2020). Once the first pilot of the program is organized, the 

feedback from the participants would be collected and analyzed in order to devise conclusions and future 

plans related to using SES in the context of the program and wider.  
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HOURS 7 & 8: Developing a relevant classification or prediction decision support 

model 
 

AUTHOR INFORMATION 

 

Author(s): Ivana Ninčević Pašalić, Živko Krstić, Tomislav Križan 

E-mail: ivana.nincevic.pasalic@efst.hr, zkrstic@atmc.ai, tkrizan@atmc.ai 

 

Teaching Objectives 

Introducing the importance of data in decision-making in smart cities and working on decision support 

model 

 

Learning Outcomes  

The learners will be able to;  

● explain the data transformation process from raw data generated by ISs to information,  

● gain knowledge needed for decision and action making in green public transportation. 

 

Prerequisite Knowledge, Skills, Attitudes 

- 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

 

 

https://knowledge4policy.ec.europa.eu/foresight/future-mobility-ses-edition_en
https://knowledge4policy.ec.europa.eu/foresight/tool/scenario-exploration-system-ses_en
mailto:ivana.nincevic.pasalic@efst.hr
mailto:zkrstic@atmc.ai
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LECTURE NOTES 

 

1 – INTRODUCTION 

At the beginning of the lesson, the objective of this part of the module is given. The students are asked 

about their expectations and if they used any application related to (smart) transportation. Have they used 

it in their own country or/and in other countries as well? In addition, they are asked how they plan their 

trip when in foreign country. Afterwards the content of the lesson is given. 

 

2 – MAIN BODY 

Algorithms for intelligent path selection for interventions on territory 

In this lecture, algorithms for intelligent path selection for interventions on territory will be presented. This 

is a common problem in area of artificial intelligence with many studies and the goal is to find state-of-the 

art algorithms to solve these problems. This problem in known in algorithm theory as Travelling Salesperson 

Problem (TSP) and goal is to find shortest/optimal path between two distinct locations. Optimization 

parameter can be to find cheapest, fastest, shortest, lest congested paths. Obstacles like avoiding traffic 

jams, rush hours, left turn need to be addressed.  

TSP is considered as NP-hard problem. With appearance of new trends in data science field like big data, 

internet of things, deep learning and other improvements in TSP, problem solving also emerge. New vast 

datasets can help algorithms to solve this problem more accurately since now we have available data about 

people, vehicles on the road which brings new information into analysis. New vehicles and self-driving cars 

have vast number of sensors and data which can be used in future to improve even further performance of 

algorithms for this problem. Past, current, and future algorithms and solutions will be presented with aim 

to tackle the problem which can be used in various industries like transportation, emergencies, deliveries, 

garbage collection and other. 

 

Algorithms that solve travelling salesman problem have as input, list of locations (usually locations in one 

city or list of multiple cities) and distances between these locations. These locations can be added 

interactively on the map in dashboard. Goal for TSP algorithms is to find optimal path/route from starting 

point and then back to starting point after we visit all locations provided in input list. 

These algorithms can be classified into 3 categories: 

• Exact algorithms 

• Heuristic algorithms 

• Algorithms for special cases 

Exact algorithms are applicable only on small problem sizes since they are very slow on larger problem or 

even impractical on large ones. Reason for this is way of finding optimal solutions with this algorithm. They 
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try all permutations and then try to find optimal solution. This practically means that these algorithms are 

brute-force search in problem space. To calculate running time is polynomial factor of factorial of number 

of locations from our input list. Since this is brute-force solution, this means that sometime even list of 20 

locations can become impractical. 

Heuristic and approximation algorithms are used to find quick solutions for complex problems. These 

problems can have millions of locations or even more and they can be solved in very reasonable time with 

just up to 3% away from optimal solution. So, with these algorithms we have a trade-off between perfect 

optimum and time. There are several categories like constructive heuristics, iterative improvements, and 

others. In this part, we will present most influential algorithms in this field for TSP. Constructive heuristics 

contains nearest neighbor or NN algorithm (Gutin et al., 2002) which is also considered as greedy algorithm. 

This algorithm has, on average, results solution that are 25% longer than the optimal solution. Principle is 

simple and algorithm starts on node that is considered a starting point (chosen by user), next algorithm 

finds next shortest edge/link to next unvisited nodes which is now marked as visited and set to current node 

for next search. These steps are repeated until all nodes are visited. Since this algorithm can miss optimal 

solutions there are some techniques that tackle this problem like usage of lower bound algorithm to 

estimate tour performance.  

Other algorithms from this category include MTS algorithm or algorithm that creates set of cycles for two 

sequential matchings over the given point set. Final solution is created after merging all cycles created in 

previous step.  

Christofides algorithm is one of early algorithms in this field and it gives tour that is 3/2 of the optimal 

solution length. Method for this algorithm is to find minimum spanning tree for problem, then to create 

every duplicate for edges so it can create Eulerian graph which is important in this case. After graph is 

created, then goal is to find Eulerian tour for that graph where TSP tour can’t be longer than Eulerian tour. 

Final step is to convert to TSP (Frederickson et al., 1976).  

2-opt algorithms use exchange technique, in this case pairwise exchange which means algorithm iteratively 

improving results by replacing two edges with two new edges which will reconnect nodes. This will result 

in new and shorter route. There are other options, like using 3 instead of 2 edges in removing process and 

this is called 3-opt or k-opt method (depending on number). 2-opt techniques result in 5% better results 

than Christofides algorithm. 

Lin-Kernighan is case of variable-opt technique where mutually disjoint edges are removed. Related 

heuristic is also V-opt and difference is that k-opt removes k number of edges or fixed number and v-opt 

doesn’t have fixed size for removal. Markov chain algorithm use local search for finding route that can be 

very close to optimal solution for up to 800 locations. Ant colony algorithms (Dorigo et al., 1997) is 

simulating ant colony behavior which were observed to find short paths to food. This algorithm sends 

number of virtual ant agents to find out possible routes. 
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Demonstration of Application - Interactive Map  

Learners are introduced to Green public transportation – custom made application. Firstly, they are 

introduced to an interactive map on the example of Istanbul, Turkey. Instructor can use any other city for 

this activity as movements on the map are possible and not limited. As the goal for TSP algorithms is to find 

optimal path/route from starting point and then back, minimum of three locations (any) can be added 

interactively on the map in dashboard. First example is done by instructor and learners follow on their 

computers. Picture below shows an example of four locations and optimal route is given showing that from 

location 1 person would go to location 2, then from there to location 4 and then to 3. Return from 3 to 1 is 

optimal as well. 

 

 
Afterwards learners are given a task to choose 4 locations of Bucharest, Romania that they want to visit 

leaving selected hotel. They are asked to show and interpret the results to instructor.  

 

Demonstration of Application – File Analysis Part 

Using the File analysis component of application, instructor will show how uploading file demo.csv shows 

optimal path. Afterwards learners will be given a task to find 4 coordinates of Dubrovnik, Croatia and 

create csv file themselves. This is to be done with the help of instructor.  

Working in pairs learners will find coordinates of 6 locations in Ljubljana, Slovenia, create and upload csv 

file and interpret the results. This activity will be graded. 
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Demonstration of Application – Maintenance Part 

Maintenance part of application represents fleet management dashboard where learners can note the 

number of fleet, average consumption, and average CO2 emissions. 

 

 
 

Instructor explains the Analysis Part where data about fleet and transportation ID is shown, regions, 

average speed, RPM (revolutions per minute), consumption and CO2 emissions. Together with the 

instructors, the learners are thought how to filter and interpret the data from the perspective of fleet 

manager.  
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3 - CONCLUSION 

The objective of the two-hour lecture is to develop a classification or prediction decision support model 

based on the data. In this way, students are shown the importance of smart cities’ data in a practical way, 

especially in the context of managing the cities and related decision-making based on the decision 

support model. 

 

4 – REFERENCES  
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MODULE #7: ECONOMICS OF GREEN PUBLIC TRANSPORTATION SYSTEMS 

HOUR 1: Review of Demand, Utility and Relative Prices in Green Public Transportation 
 

AUTHOR INFORMATION 

 

Author(s): İbrahim Ünalmış, Öykü Yücel  

E-mail(s): ibrahim.unalmis@tedu.edu.tr, oyku.yucel@tedu.edu.tr   

  

Teaching Objectives 

The aim is to introduce introductory economics concepts such as demand, relative prices, and utility from 

consuming green energy usage in public transportation.  

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to:  

● Explain basics of demand and utility of green public transportation and how relative prices can be 

used to promote green public transportation.  

 

mailto:ibrahim.unalmis@tedu.edu.tr
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Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required; however, learners are advised to read;  

● The teaching note which is available on the project website.  

● Supplementary materials given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

chapters from Economics by R. Glenn Hubbard and Anthony P. O’Brien are advised to gain knowledge about 

the concepts which will be introduced during the course.  

● Chapter 3: Where Prices Come From: The Interaction of Demand and Supply. 

● Chapter 6: Elasticity: The Responsiveness of Demand and Supply. 

● Chapter 10: Consumer Choice and Behavioral Economics. 

Other resources: 

Todd Litman, 2004, “Transit Price Elasticities and Cross-Elasticities”, Journal of Public Transportation, 7(2), 

37-58. 

Vivid Economics for the Coalition for Urban Transitions, 2019, “Climate Emergency, Urban Opportunity 

Report”, 60-81. 

 

 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

General information about the Module will be given. 

Pre-Questionnaire will be applied in order to understand the learners’ knowledge about the module 

subjects. 

Learners will be informed about the module subjects of 4 hours.  

 

Increasing sustainability focus encourages use of more green public transportation models all around the 

world. This transition from traditional models to contemporary ones has economic outcomes for all 

countries. Due to this shift, countries need to determine various factors influencing green public 

transportation demand as well as pricing strategies. In this hour of the module, first basics of demand curve 

and variables that shift market demand for public transportation will be introduced. Next, demand price 

elasticities and use of relative prices in promoting green public transportation will be explained with the 

help of future projections retrieved from Climate Emergency, Urban Opportunity Report. Then, utility 
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concept and social influences on decision making will be introduced and students will be asked to give one 

irrational decision they made regarding the environment.   

 

2 – MAIN BODY 

PART 1 – DEMAND CURVE AND VARIABLES THAT SHIFT MARKET DEMAND FOR PUBLIC TRANSPORTATION 

 

Demand curve shows the relationship between the price of a product or service and the quantity 

demanded. The inverse relationship between a product and the quantity of the product demanded is called 

the law of demand. Holding everything else constant, when price of a product or service falls the quantity 

demanded of the product and service will increase and vice versa. Many variables other than price can 

influence market demand and cause shifts in demand curve, i.e., income, prices of related goods and 

services, tastes, population, and demographics and expected future prices.  

 

 
Figure 1. Demand Curve 

 

For example, let’s assume there is an increased unemployment. In this case, demand for public 

transportation is expected to reduce. Thus, the demand curve would shift from D1 to D3. On the contrary, 

let’s assume there is an increase in cost associated with automobile usage. In this case, the demand for 

public transportation is expected to increase. Thus, the demand curve will shift from D1 to D2.  
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Figure 2. Shift in the Demand Curve 

 

Substitution effect is the change in the quantity demanded of a good that results from a change in price, 

making the good more or less expensive relative to other goods holding constant the effect of the price 

change on consumer purchasing power. Even though ticket price increases and substitution effect are an 

issue, studies find that other than ticket prices, government fiscal policies increase in government 

investment on public transportation, decreasing waiting times for the vehicle, decreasing travel time on the 

vehicle as well as social influence factors has an impact on green public transportation demand (Beaudoin 

& Lawell, 2018). 

 

PART 2 – DEMAND PRICE ELASTICITIES AND USE OF RELATIVE PRICES IN PROMOTING GREEN PUBLIC 

TRANSPORTATION 

 

Price elasticity of demand is the responsiveness of the quantity demanded to a change in price, measured 

by dividing the percentage change in the quantity demanded of a product or service by the percentage 

change in product’s price. If the demand is elastic, the percentage change in quantity demanded will be 

greater than percentage change in price. In this case, price elasticity will be greater than one in absolute 

value. If the demand is inelastic, the percentage change in quantity demanded is less than the percentage 

change in price. In this case, the price elasticity will be less than one in absolute value.  

 

There are three main determinants of price elasticity of transport demand; the number and closeness of 

alternative modes of travel, the proportion of disposable income spent, travel time (Nashivela, 2017).  



 

267 
 

When alternative substitutes increase price elasticity for public transportation will increase. For example, 

if a bus public transportation company increases its ticket fares, then if there is a substitute way, passengers 

will easily switch to the alternative. When proportion of income spent on travel increases, price elasticity 

of demand also increases. For the time dimension, we can think of short term and long term separately. In 

the longer term, since new opportunities may arise, the demand is thought to be more elastic.  

 

Cross price elasticity is another important term to consider when it comes to relative prices. It can be 

calculated as the percentage change in quantity demanded of one good or service divided by the 

percentage change in the price of another good or service. The cross-price elasticity of demand is positive 

or negative depending on whether two products are substitutes or not. In our context, we can rephrase 

cross price elasticity as a measure of the effect of a change in the fares or rates of one mode of transport 

on the demand for services of another mode of transport.  

 

To promote green public transportation analyzing cross price elasticities are relative prices can be helpful. 

Main factors affecting transit elasticities can be listed as; user type, trip type, geography, type of price 

change and direction of price change (Litman, 2004). Transit dependent riders (people who don’t have an 

option to use automobile such as non-drivers, elderly, low income, students, disabled etc.) are generally 

less price sensitive.  Non-commute trips tend to be more price sensitive than commute trips. Smaller cities 

and suburbs have higher price elasticities than bigger cities. Overall elasticities increase as ticket prices 

increase. However, direction also matters. Fare increases tend to cause a greater reduction in passengers 

than the same size fare reduction will increase.  

 

Since there is significant difference in transit demand between dependent and discretionary riders demand 

curve is said to have a kink (Clements, 1997). 
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Figure 3. Transit Elasticities 

Source: Litman, 2004, p. 42. 

 

As can be seen in the Figure 3, elasticity values depend on what portion of the demand curve is being 

measured. Price changes may have relatively less impact on passengers for a basic transit system that 

primarily serves transit-dependent users.  Therefore, governments should focus on investing in public 

transportation infrastructure and upgrading travel times and comfort as well as focusing on ticket fares and 

fare policies to attract new public transportation users. Government fiscal policies will be examined in 3rd 

hour of this Module. 

One study summarizes transit price sensitivities for various passenger groups. It illustrates car owners have 

a greater elasticity among all groups whereas people without a car have the lowest elasticity. It also points 

out trip mileage and timing are important. Therefore, to promote public green transportation governments 

may use these categories to determine an attractive policy.  
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Figure 4. Transit Price Sensitivities 

Source: Gillen, 1994, pp.136-137. 

In-Class Exercise: Please evaluate the effect of subsidies to promote green transportation on consumer 

and producer surplus using supply and demand graph. 

 
Figure 5. Supply and Demand Curve Evaluating the Effect of Subsidies 
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Before Subsidy      

Consumer surplus: A+B 

Producer Surplus: E+I 

After subsidy  

Change in consumer surplus: D+E+F 

Producer Surplus: B+C 

Subsidy Payment: B+C+H+D+E+F+G 

Net effect is (Change in Consumer Surplus-Change in Producer Surplus)  

Net effect= -(H+G)<0 

The overall net benefits of a subsidy are negative. However, given that green energy usage will reduce air 

pollution, it will mean positive externality. Therefore, implementing subsidies to promote green 

transportation is feasible.  

 

PART 3 – DECISION MAKING PROCESS - UTILITY CONCEPT AND SOCIAL INFLUENCES 

Utility is the enjoyment or satisfaction people receive from consuming goods and services. Goal of the 

consumer is to spend available income in a way to maximize his or her utility. Marginal utility is the change 

in total utility a person receives from consuming one additional good or service. According to law of 

diminishing marginal utility, consumers experience diminishing additional satisfaction as they consume 

more of a good or service during a given period.  

 

According to a study, utility maximization of using a public transportation depends on impact on 

environmental efficiency, transportation time, availability of rides and capacity (Madudova &David, 2019). 

Therefore, when promoting public transportation usage; capacity planning, investment on new and fast 

technologies are very important. Also, social factors can influence customer choice. People seem to receive 

more utility from consuming goods and services they believe are popular or ethically approved. 

Emphasizing environment protection or endorsements can be great motives to facilitate the use of the 

green public transportation. 

 

3- CONCLUSION 

Promoting green public transportation has many positive economic outcomes such as creating new jobs 

and employment opportunities which will be analyzed thoroughly in third hour of this module. In order to 

reach sustainability goals, both governments and society should focus on factors to motivate smart cities 

and public transportation. Main factors that shape public transportation demands and consumers’ decision-

making in economics is introduced in this first hour. One in-class exercise is designed to keep learners 
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involved and hands on. At the end of the lesson, main findings are summarized, and learners are asked to 

submit one minute paper on what they have learned and find most interesting at this hour.  
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HOUR 2: Review of Supply, Externalities and Cost Benefit Analysis of Green Public 

Transportation 
 

AUTHOR INFORMATION 

 

Author(s): İbrahim Ünalmış, Öykü Yücel  

E-mail(s): ibrahim.unalmis@tedu.edu.tr, oyku.yucel@tedu.edu.tr   

  

Teaching Objectives 

The aim is to introduce related economics concepts such as supply, price elasticity of supply, externalities, 

social/private cost & benefit, and economic cost benefit analysis of consuming green energy usage in 

public transportation.  

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to;  

● Explain basics of supply and price elasticity of supply of green public transportation as well as how 

externalities, cost / benefit advantage can be used to promote green public transportation. 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required; however, learners are advised to read;  

● The teaching note which is available on the project website.  

● Supplementary materials given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following 

chapters from Economics by R. Glenn Hubbard and Anthony P. O’Brien are advised to gain knowledge about 

the concepts which will be introduced during the course.  

● Chapter 3: Where Prices Come From: The Interaction of Demand and Supply. 

● Chapter 5: Externalities, Environmental Policy, and Public Goods. 

Other resources: 

Litman, T. (2021). Evaluating Public Transit Benefits and Costs: Best Practices Guidebook, Victoria Transport 

Policy Institute.  

Profillidis, V. ? (2014). Environmental Effects and Externalities from the Transport Sector and Sustainable 

Transportation Planning – a Review. International Journal of Energy Economics and Policy, 4(4), 647–661.  
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LECTURE NOTES 

 

1 – INTRODUCTION 

General information about the Module will be given. 

Pre-Questionnaire will be applied in order to understand the learners’ knowledge about the module 

subjects. 

 

In this hour of the module, first basics of supply curve and variables that shift supply of public transportation 

will be introduced. Next, supply price elasticities, externalities, and concepts such as social/private cost and 

benefits of green public transportation will be explained and discussed with the help of current projections 

retrieved from Litman’s book (2021), entitled “Evaluating Public Transit Benefits and Costs: Best Practices 

Guidebook”. Then students will be asked to explain their private benefits and costs of consuming green 

public transport as well as social costs and benefits related. Instructor will ask the following discussion 

questions to facilitate participation of learners: “In your daily life what is the main benefit and cost of using 

green public transportation?” and “When you are using green public transportation is there a benefit or 

cost that affects society who are not directly involved in the production or consumption?”  

In light of the students’ answers, an economic cost and benefit analysis of consuming green public 

transportation will be given, and two in-class exercises listed below will be applied.    

 

2 – MAIN BODY 

 

PART 1 – SUPPLY CURVE AND VARIABLES THAT SHIFT MARKET DEMAND FOR PUBLIC TRANSPORTATION 

Supply curve shows the relationship between the price of a product and the quantity of the product or 

service supplied. Law of supply states that holding everything else constant, increases in price cause 

increases in the quantity supplied and vice versa. Therefore, most supply curves are expected to be upward 

sloping. Prices of inputs, technological change, prices of substitutes in production or service, number of 

competitors, and expected future prices are some of the variables that cause a shift in supply curve. When 

firms increase the quantity of a service or product, they want to sell at a given price, supply curve shifts to 

the right which indicates an increase in supply. When the opposite case is true supply curve shifts to the 

left. This indicates a decrease in supply.  

 

Let’s assume an increase in prices of green public transportation fees; in this case, higher prices are an 

incentive for producers to increase supply. For green public transportation other than prices, quality of the 

service, alternative means of travel, travel time, convenience, technology availability, government policies 

and regulations are main factors that causes supply curve to shift. Increases in transportation supply may 
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be traditionally thought of in terms of increasing the fleet size of a transit company or building new roads 

or increasing the number of lanes for existing roads. However, it is possible to increase supply without such 

physical capital-intensive investments (Manheim, 1979). For instance, the use of intelligent transportation 

systems could lead to increased supply without any physical enlargements of the road network. 

 
Figure 1. Supply Curve 

Market equilibrium is reached when quantity demanded equals quantity supplied. To better illustrate, let’s 

look at the following in-class exercise (Khisty & Lall, 2002): 

 

In-Class Exercise 

A company determines the price of a seat on a particular route to be p = 200 + 0.02n. The demand for 

this route by air has been found to be n = 5000 – 20p, where p is the price in dollars, and n is the number 

of seats sold per day. Determine the equilibrium price charged and the number of seats sold per day. 

Solution: 

 p = 200 + 0.02n 

 n = 5000 – 20p 

Solving these two equations simultaneously, we obtain p = $214.28 and n = 714 seats. 

 

PART 2 – SUPPLY PRICE ELASTICITIES, EXTERNALITIES AND ECONOMIC EFFICIENCY 

Price elasticity of supply is the responsiveness of the quantity supplied to a change in price, measured by 

dividing the percentage change in the quantity supplied of a service or product by the percentage change 

in the service or product’s price.  Supply is inelastic when price elasticity of supply is less than one. If it is 

greater than one supply is thought to be elastic. Supply price elasticity of public transport depends on the 

ability and willingness of altering the quantity of the service as price changes. Increasing public transport 
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supply mostly requires planning and infrastructure changes. Thus, in the short run, it can be considered 

inelastic, but in the long run, the supply curve will be increasingly elastic. 

 

Externality is a benefit or cost that affects someone who is not directly involved in the production or 

consumption of a good or service which interferes with the economic efficiency of market equilibrium. 

Conventional transportation means causes many negative externalities, notably air pollution, greenhouse 

gases, water pollution and other impacts on ecosystems especially with the use of fossil fuels (Santos et.al., 

2010). Most prominent negative externalities caused by conventional transportation systems can be seen 

in the following figure. Even though it looks like only fossil fuel usage, oil dependence, and road 

infrastructure damage are portrayed to be related with economy, issues about environment also have an 

impact and cost on economy. 

 

 
Figure 2. Transport Externalities  

Source: Chatziioannou et.al., 2020, p. 4 

Next figure (Figure 3) illustrates the external costs for passenger and freight transport related with 

conventional transportation methods in EU countries. As can be seen additional burden on economies with 

these, external costs range between €613 to €1671 per inhabitant, Bulgaria and Austria respectively. 
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Figure 3. External Costs for Passenger and Freight Transport 

Source: Profillidis et.al., 2014, p. 659 

Using green public transport rather than automobiles and conventional transportation helps cities to 

become more sustainable.  People who don’t consume green public transportation can still benefit from 

the use of green public transportation since environment will be protected more and environmental cost 

will be decreased. Governments are dealing with alternative strategies and fiscal policies to internalize 

these costs (that is to ask each transport mode to pay the external costs it causes) which will be seen in the 

3rd hour of the module.  

 

PART 3 – ECONOMIC COST AND BENEFIT ANALYSIS OF PROMOTING GREEN PUBLIC TRANSPORTATION 

Complete analysis of investing in green public transportation requires consideration of costs and benefits 

of each travel alternative. For this reason, it is important to be familiar with cost concepts mostly used in 

economics literature such as fixed costs, variable costs, average cost, and marginal cost. Fixed costs are 

independent of the volume of goods or service produced whereas variable costs increase as the amount of 

goods and service produced increases. Total cost would be total of variable and fixed costs. Average cost is 

total cost divided by the quantity of output produced. Marginal cost is the additional cost of producing one 

more unit of a good or service.  
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Total cost, average cost and marginal cost can be calculated as (Hubbard and O’Brien, 422); 

 

Total cost = C = cq = α+β(q) 

Where C= Total cost, c= unit cost, q= magnitude of the output, α=fixed cost of production, β= variable cost 

of production. 

 

Average cost = 𝑐 =
𝐶

𝑞
=

𝑐𝑞

𝑞
=

𝛼+𝛽(𝑞)

𝑞
=

𝛼

𝑞
 + β 

Marginal cost = 𝐶𝑞 – 𝐶(𝑞−1) 

 

Graphically average cost and total cost relation can be illustrated as; 

 
Figure 4. Average Cost and Total Cost 

As output q increases average cost of production decreases up to point 𝑞′. When the production level 

reaches 𝑞′ average cost is at its minimum. This decline in average cost with the increased output production 
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is called economies of scale. When deciding whether an investment to capacity increase would yield higher 

profits or not, it is important to consider that economies of scale ends at a certain production level. 

In-Class Exercise 

 

Table 1. Cost Figures of a Running Train System 

 
In Table 1, you can see the cost of running a train system with variable number of wagons. For each system 

size, fixed and variable costs are provided in the first three columns. The total, average and marginal costs 

are then computed and presented in the next three columns. For number of wagon= 3, total cost, average 

cost and marginal cost values are missing. Please calculate them and comment on the appropriate number 

of wagons operating in the system. 

Solution: 

Total cost = 55+75=130 

Average cost = 130/3=43.3 

Marginal cost = 130-110=20 

The point of minimum cost ($40) occurs at the intersection of the average cost and marginal cost curves. 

 

Companies will continue to produce a good or service if there is profit. Profit is the difference between total 

revenue and total cost. Total revenue is price times quantity sold. Marginal revenue is change in total 

revenue from selling one more unit of a product. Firms seeking profit maximization should produce at the 

point where marginal revenue is equal to marginal cost.  

 

Pricing strategies such as congestion pricing to determine and promote green public transportation will be 

discussed in the third hour, however when analyzing costs and benefits of switching to a green public 

transportation system, decision makers should not only focus on short term costs but also should keep in 
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mind the long-term benefits and prevention of additional environmental and health related costs. In 

addition, owner and transport operator should not only focus on fuel, maintenance, and retail costs.  

 

3- CONCLUSION 

Main factors that shape public transportation supply and cost benefit analysis of promoting green public 

transportation within an economics perspective is introduced in this second hour. Concepts such as 

externalities, marginal cost, marginal revenue, average cost, and economies of scale are explained using 

slides. Two in-class exercises are designed to keep learners involved and hands on.  

At the end of the class, the topic of this hour will be summarized by the instructor and the learners will 

be encouraged to join by asking them what main findings they remember about this lecture.  
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HOUR 3: Review of Fiscal Policies and Subsidies to Promote Green Public 

Transportation 
 

AUTHOR INFORMATION 

 

Author(s): İbrahim Ünalmış, Öykü Yücel  

E-mail(s): ibrahim.unalmis@tedu.edu.tr, oyku.yucel@tedu.edu.tr   

  

Teaching Objectives 

The aim is to introduce fiscal policies and subsidies to promote green public transportation, advantages 

and disadvantages, as well as demonstrating how awareness raising campaigns and R&D activities from 

governments and municipalities can be used to promote green public transportation.   

 

Learning Outcomes  

Upon successful completion of this hour, learners will be able to;  

● Explain how main fiscal policies and subsidies can be used to promote green public 

transportation. 

● Discuss how awareness-raising campaigns and R&D activities from governments and 

municipalities can be implemented to raise number of passengers using green public 

transportation.  

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required; however, learners are advised to read;  

● The teaching note which is available on the project website.  

● Supplementary materials given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following chapter 

from Economics by R. Glenn Hubbard and Anthony P. O’Brien is advised to gain knowledge about the 

concepts which will be introduced during the course.  

● Chapter 27: Fiscal Policy. 

Other resources: 

● United Nations (2021). Sustainable Transport, Sustainable Development. Interagency Report for 

Second Global Sustainable Transport Conference, 59–68. 

mailto:ibrahim.unalmis@tedu.edu.tr
mailto:oyku.yucel@tedu.edu.tr
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● Pojani, D. et.al. ?, (2015). Sustainable Urban Transport in the Developing World: Beyond 

Megacities. Sustainability, 7, 7784–7805. 

● Timilsina, G. R., et.al, ?  (2008). Fiscal Policy Instruments for Reducing Congestion and 

Atmospheric Emissions in the Transport Sector: A Review. The World Bank Policy Research 

Working Paper, 4652. 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

In this hour of the module, first, fiscal policy concept and various fiscal policy examples implemented to 

promote green public transportation will be explained using PowerPoint slides. Learners will be asked to 

give examples. To facilitate discussion instructor will ask the first discussion question, “Can increasing taxes 

on fossil fuel-based automobiles increase use of green public transportation?” 

Next, subsidy concept will be explained, and some examples will be given using PowerPoint slides. 

Instructor will ask “Do you think decreasing fare prices to promote green public transportation may 

backfire?”. In light of learners’ answers, advantages and disadvantages will be given. Then, awareness-

raising campaigns and R&D activities from governments and municipalities to promote green public 

transportation topics will be explained giving references to Pojani and  

Stead’s (2015), “Sustainable Urban Transport in the Developing World: Beyond Megacities” article. 

Finally, a case study will be conducted in groups of two or three, and main findings of each group will 

be shared.  

 

2 – MAIN BODY 

PART 1 – USE OF FISCAL POLICIES TO PROMOTE GREEN PUBLIC TRANSPORTATION 

Fiscal policy is the changes in taxes and purchases that are intended to achieve macroeconomic policy 

objectives. Fiscal instruments are primarily price-based instruments that take advantage of market 

mechanisms and work through prices (Acutt & Dodgson, 1997). Some of these instruments can be listed as 

congestion charge or toll tax, emission and/or pollution tax or charge (e.g., carbon tax, sulfur tax), fuel tax 

(e.g., any excise tax on fuel or a BTU tax), vehicle tax (e.g., ownership, licensing or registration fee) and 

subsidies (e.g., subsidies for clean fuels, efficient vehicles, and public transportation) (Timilsina & Dulal, 

2008). Correct use of these instruments is expected to eliminate negative externalities by cutting travel 

demands, switching from private transportation to public transportation, encouraging use of clean fuels 

(e.g., ethanol, hydrogen, compressed natural gas). 
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Several common instruments can be applied to promote green public transportation. However, the severity 

of the problem, duration, cost of policy instruments, and flexibility of the suggested actions shape the 

success of the proposed policy.  

 

Vehicle Tax and Registration Charges 

A vehicle tax can be a non-recurrent payment in connection with vehicle purchase and registration (e.g., 

turnover tax, registration tax, registration fees) or it can be periodically charged to the vehicle as a tax on 

the ownership or tenure (e.g., vehicle tax, insurance tax) (Kunert & Kuhfeld, 2007). 

Governments can use vehicle taxes to discourage private vehicle ownership and can arrange tax rates 

according to how fuel efficient the vehicle is. Owners of cars with high fuel consumption would pay 

increased annual motor vehicle registration charges. Since this policy would substitute private vehicles with 

public transportation services, it can be interpreted as a policy instrument designed to reduce emissions 

and congestion (Timilsina & Dulal, 2008). In most European countries, vehicle ownership taxes depend on 

the engine model, the engine capacity, the fuel type, and the vehicle age or vehicle gross weight (Hirota et 

al., 2003). 

For this policy to be successful, it is important not to increase old, used cars’ popularity due to lower 

acquisition and registration charges, since older cars will be less fuel efficient and contribute more to the 

transportation externality.  

 

Congestion Tax 

The congestion tax policy aims to reduce traffic congestion by applying higher charges such as higher road 

and bridge tolls at peak hours. This policy encourages society to use public transportation, travel off-peak 

hours and use non-congested routes, thus minimizes external costs.  Social and environmental externality 

costs imposed by congestion are reduced by enhancing traffic flow, and decreasing travel demands and 

emissions resulting from the idling and slowing of vehicles (Timilsina & Dulal, 2008). It is considered an 

effective policy instrument in controlling vehicular emissions since it helps to reduce the number and 

duration of trips, alter routes, and offers decreases in speed variation (Daniel & Bekka, 2000).  

 

The success of this policy depends on the availability of alternative travel means such as adequate public 

transportation vehicles, alternative roads as well as traveller’s income levels.  The congestion tax system 

introduced in London led to a reduction in city center traffic by 12%; of which 50-60% shifted to public 

transport (Timilsina & Dulal, 2008). 

If the revenue generated from congestion tax is spent on green public transportation investment, the 

welfare of society would also increase since enhancing green public transportation would result in fewer 

emissions and better environmental quality.   
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Fuel Tax 

Fuel tax policy aims to increase fuel prices to discourage the overconsumption of fuel and the release of 

emissions. In the long-run, fuel taxes also alter consumers’ purchasing behavior causing them to switch to 

more fuel-efficient methods (Acutt & Dodgson, 1997). Also, fuel taxes may promote the use of green public 

transportation since it would be less costly for passengers to travel that the way. Like congestion tax, 

revenue generated from fuel tax can be used to enhance green public transportation infrastructure which 

would increase quality and speed thus number of passengers. To prevent a welfare loss caused by fuel tax 

policy, it is essential to spend revenue generated on public transportation means which is also used by 

citizens with lower income.  

 

In the graphic below, real fuel tax excluding value added tax per liter for European Union countries for the 

period 1995 – 2020 are given. As expected, diesel tax is lower than petrol tax. Diesel tax is almost the same 

today as 1995; however, petrol tax is less today. In addition, in the second graphic it can be seen that share 

of fuel tax revenues of total tax revenues has declined significantly compared to 1996, and diesel is the 

most demanded fuel type today. 

 

 
Figure 1. Real Fuel Tax Excluding Value Added Tax Per Liter for European Union Countries 

Source: Retrieved from https://www.transportenvironment.org/challenges/climate-tools/fuel-taxes/ 

https://www.transportenvironment.org/challenges/climate-tools/fuel-taxes/
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Figure 2. Fuel Consumption and Share of Fuel Tax Revenues 

Source: Retrieved from https://www.transportenvironment.org/challenges/climate-tools/fuel-taxes/ 

 

Emissions Tax 

According to European Environment Agency, emissions tax involves tax payments that are directly related 

to the measurement or estimation of the pollution caused. Among emission types, a carbon tax is the most 

used fiscal instrument. Finland, Norway, Sweden, Denmark, Germany, Netherlands, the UK, Australia, and 

Canada can be listed as some of the countries that use the carbon tax as an instrument to reduce 

externalities caused using fossil fuels. Similar to the fuel tax, revenue generated from emissions tax should 

be spent on ways to enhance society’s welfare. Promoting green public transportation with revenue 

generated from emissions tax is essential since green public transportation essentially aims to reduce 

environmental pollution and emissions in the first place. 

 

With the use of emissions tax, vehicle owners with high emission levels will be penalized and they will be 

forced to switch to either more environmentally friendly vehicles or green public transportation. 

https://www.transportenvironment.org/challenges/climate-tools/fuel-taxes/
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In general, all of these taxes were found to be efficient when it comes to provide environmental impact 

considering a high revenue generation. However, it should be noted that public acceptance from the society 

can be difficult (World Bank Group, 2016).  

  

PART 2 – USE OF SUBSIDIES TO PROMOTE GREEN PUBLIC TRANSPORTATION 

A subsidy can be seen as a government incentive to promote green transportation. It is a traditionally used, 

and probably the most common fiscal instrument in the transport sector, particularly in developing 

countries. A subsidy can be provided to public transportation (e.g., bus, railway, and water transportation), 

clean fuels (e.g., ethanol, biodiesel) and clean vehicles (e.g., fuel cell and hydrogen cars, CNG bus, etc.) 

(Timilsina & Dulal, 2008).  

 

A subsidy for public transportation is implemented mainly by lower fare prices. Lower fare prices enhance 

public transportation usage and in the long run will lead to reduced traffic congestion and emissions. 

Cropper and Bhattacharya (2007) find that removal of the bus subsidy (i.e., a 30% increase in fares) would 

reduce bus commuters by 10-11% in Mumbai, India. Thus, making green public transportation more 

affordable, people can switch from using automobiles and passenger number can be increased. However, 

as noted in the previous hours, only price reduction would not be adequate for this switch. Also, revenue 

generated from fiscal instruments should be spent on green public transportation infrastructure and quality 

improvements.  

 

With implementing the subsidy, supply curve will shift to the right, reducing the equilibrium price. This will 

lead to an extension of demand, as more people are encouraged to use this form of transport. The increased 

demand is the combined result of the income and substitution effect. At a lower price, alternatives to public 

transport appear more expensive (the substitution effect), and assuming money income remains constant, 

cheaper public transport results in an increase in real income (the income effect). 

 

To benefit from fare reductions without causing any operational inefficiency, it is important to identify 

target population accurately. Also, subsidy should only be transferred to the right parties to be spent on 

quality and infrastructure issues. Lastly, the amount of subsidy should be considered thoroughly based on 

price elasticities of target population. 

 

Literature (e.g., Molina & Molina, 2004) suggests that reducing transportation externalities requires a mix 

of policy measures that best suit each city’s specific circumstances. In a city where a public transportation 

system is weak, a fuel tax does not necessarily result in switching to public transportation from private 
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transportation. Hence, a fiscal policy instrument which works in one country may not necessarily work in 

others with a different socioeconomic and cultural context (Timilsina & Dulal, 2008). 

 

PART 3 – AWARENESS RAISING CAMPAIGNS AND R&D ACTIVITIES   

To enhance green public transportation governments and municipalities should also focus on awareness 

raising campaigns on how adversely environment is being affected currently with increased emission levels, 

what green means as well as funding R&D activities for green public transportation infrastructure and 

capacity.  

Pojani and Stead (2015) suggest that uses of individual cars are backed with social mechanisms and 

processes, such as status seeking (i.e., the automobile as a status symbol), freedom seeking, or lack of trust 

in others’ cooperativeness. To be able to create awareness governments and non-governmental voluntary 

organizations should underline individuals’ travel behavior’s adverse outcome on environment as well as 

proposing a feasible alternative especially for developing countries.  

 

Experience suggests that public awareness campaigns need to be targeted and “integrated” (presenting all 

the urgent urban transport concerns as interconnected and interdependent) as well as encouraging shifts 

in existing paradigms. For example, bicycles must be presented as the healthy vehicles of the future (i.e., a 

new status symbol rather than a vehicle for the poor); cars as imposers of high costs on the community 

(i.e., an antisocial mode); buses as modern and comfortable (i.e., a choice mode rather than a mode of last 

resort) (Pojani & Stead, 2015). 

 

R&D activities for green public transportation infrastructure and capacity should also be funded and 

encouraged both by government and through awareness raising campaigns by corporate firms. Ways to 

finance green public transportation models will be discussed in the last hour. 

 

3 – CONCLUSION 

In the third hour fiscal policies, subsidies and use of awareness raising campaigns to promote green public 

transportation systems are explained using discussion questions and power point slides.  

A case study will be given after topics listed above are completed. The case study will evaluate advantages 

and disadvantaged of using fare price subsidies to promote green public transportation. It may be 

conducted in groups of two or three learners. Main findings of each group will be shared and finally the 

instructor will summarize and conclude.  
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Public transport is highly subsidized in the urban area of Buenos Aires. Following the 2001 crisis and the 

peso depreciation which led to spiraling inflation in Argentina, public transport fares were frozen (or 

increases were restrained) to dampen the impact of rising prices and protect the incomes of the poor. In 

parallel, the costs of operating public transit systems increased strongly in part as oil imports were 

purchased using a devaluated currency. The government provided direct (supply-side) subsidies to 

operators in order to maintain public transport service in a postcrisis period.  

 

While buses (colectivos), which today account for 87% of the public transport ridership, were not subsidized 

prior to the 2001 crisis, subsidies now account for over two-thirds (71%) of their operating costs. The 

average commercial fare of AR$ 3.5 can be compared to the AR$ 12 average fare necessary to achieve cost 

recovery. On the regional railway and metro (SUBTE) systems subsidization rates today represent 

respectively 94% and 68% of operating costs. However, their passenger market shares are much lower than 

for buses at 7% and 6%. In total, the public transport subsidies in the Area Metropolitana de 7 Buenos Aires 

(AMBA) amount to AR$ 25 billion or around US$ 5.4 billion in 2012 which represents close to 0.7% of 

Argentina’s GDP.  

 

While public transport is subsidized in other metropolitan areas in Argentina, the subsidization rates are 

lower and the minimum bus fares are higher: AR$ 6 and AR$ 9.15 in Mendoza and Córdoba respectively for 

example compared to AR$ 3 in AMBA. The public transit subsidies in Argentina are currently financed by 

the Treasury (85%) and SISTAU (Sistema Integrado de Transporte Automotor) for the remaining 15%. The 

SISTAU funds are based on a 18.5% tax on gasoline while the Treasury funds are channeled through the RCC 

(Régimen de Compensatión Complementaria). Together the Treasury funds and SISTAU finance 72% of the 

operating costs of public transport systems in AMBA while earnings from travel fares account for the 

remaining 28%. 

 

The fares paid by the users only cover around a third of the cost of the trips with total transit subsidies 

amounting to more than US$ 5 billion for the urban area of Buenos Aires alone in 2012. This level of 

subsidization is in line with what is found in developed country cities, but it is high for a developing country. 

Commentators have focused on many potential weaknesses of the subsidy – including the impact of 

diverting resources originally earmarked for system maintenance and investment both of which have been 

inadequate in the last decade; issues of financial management; as well as the lack of transparency or 

incentives to foster efficiency in the allocation mechanism. 

There is also a debate on the impact of the low fare on the aggregate modal share of public transport in the 

metropolitan area. On one hand, all are equal, low fares make for more competitive public transport. But 

the evidence also suggests that for most riders of choice, quality trumps fare, so that when transit subsidies 
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come at the expense of quality of service (comfort, reliability, passenger information systems), as is the 

case in the Buenos Aires urban area, the public transport ridership balance is unclear. In particular, Gwilliam 

(2017) reports evidence from London that reductions in public transport fares are less likely to bring about 

mode share changes in favor of transit than service quality improvements.  

 

There are also several other dimensions along which the subsidies need to be assessed. First, there are 

concerns that these artificially low public transport prices have fueled urban sprawl and related negative 

externalities such as excessive loss of farmland, or the need for costly infrastructure (sewage systems, 

roads, etc.). Second, the transit subsidy has an impact on commuting-related energy expenditures and CO2 

emissions. This is closely linked to the impact of lower fares on both transit ridership – which is less carbon-

intensive than travel by private cars – and in parallel on location decisions of households in the Buenos 

Aires urban area. Whereas higher public transport mode shares would tend to decrease emissions, lower 

transport costs would enable households to settle further from job centers, thereby lengthening 

commuting distances and increasing CO2 emissions. The net effect is a priori ambiguous. 

 

In light of these figures, the transit subsidies have been challenged first on a financial and fiscal basis. Could 

alternative policy and interventions lead to better welfare outcomes? How can income generated from 

these subsidies be managed to promote new green ways of public transportation? Which policy or 

fundraising alternative would be the most appropriate to promote green public transportation? 

 

 

HOUR 4: Review of New and Alternative Ways to Finance Green Public Transport 

Technologies 
 

AUTHOR INFORMATION 

 

Author(s): İbrahim Ünalmış, Öykü Yücel  

E-mail: ibrahim.unalmis@tedu.edu.tr, oyku.yucel@tedu.edu.tr   

 

Teaching Objectives 

The aim is to introduce new and alternative ways of financing options for green public transport projects, 

green bond concept, crowdfunding, and social impact investment as well as demonstrating the role of 

international institutions, grants, and partnerships for project fund-raising. 
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Learning Outcomes  

Upon successful completion of this hour, learners will be able to;  

● Explain how green bond issuing, crowdfunding and social impact bonds can be used to finance 

green public transportation projects, 

● Discuss how new financing methods are different from conventional methods mainly 

international institution grants and partnerships.  

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required; however, learners are advised to read;  

● The teaching note which is available on the project website.  

● Supplementary materials given in the next section. 

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following study 

by World Bank is advised to gain knowledge about the concepts which will be introduced during the course.  

● World Bank Group (2016). Sustainable Urban Transport Financing from the Sidewalk to the 

Subway: Capital, Operations, and Maintenance Financing. 

Other resources: 

● Amundi Asset Management & International Finance Corporation (2021). Emerging Market Green 

Bonds Report 2020. 

● European Parliament's Committee on Employment and Social Affairs  (2020). Social Impact 

Investment: Best Practices and Recommendations for the Next Generation Report. 

● Hong, S., ? et.al, (2019). Crowdfunding Public Projects: Collaborative Governance for Achieving 

Citizen Co-funding of Public Goods. Government Information Quarterly, 36, 145–153. 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

In this hour of the module, firstly written report guidelines and instructions handout will be distributed, 

and learners will be informed that the instructor will go over this document at the end of the class when 

all topics are covered. 

Lecture will begin by explaining new ways of financing green projects using power point slides. Learners 

will be asked to give examples for both conventional and contemporary financing methods they are 

aware of. To facilitate discussion, the instructor will ask the discussion question, “Would you like to invest 
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in a project that aims to convert your city’s public transportation into a more environmentally friendly 

system? If yes, what could be the possible ways for investment?”  

Next, green bond concept, crowdfunding and social impact investing concepts will be explained using 

power point slides and examples from suggested readings. Difference of social impact bonds and green 

bonds in terms of stakeholders, payment structure and involved parties will be explained. To facilitate 

learning, an in-class exercise will be given to measure understanding of main differences, advantages 

and disadvantages of green bond and social impact bond financing options.  The in-class activity may 

be conducted in groups of two learners or individually. The question in the in-class activity would be: 

“To facilitate green public transport funding should government release a green bond or a social impact 

bond, what are the main differences?” In light of the learners’ answers, advantages and disadvantages 

will be given. Then, the role of international institutions, grants and partnerships for green project fund 

raising will be discussed by giving some examples from different countries retrieved from “

 World Bank Group, 2016, “Sustainable Urban Transport Financing from the Sidewalk to the 

Subway: Capital, Operations, and Maintenance Financing” report.   

Finally, the instructor will go over written report guidelines and instructions handout and answer any 

questions the learners may have. Written report’s topic will be “Please compare and contrast 

alternative ways of fiscal policies and fund-raising options for green public transport facilitating projects 

and discuss the most applicable option and policy for your country. Don’t forget to include advantages, 

disadvantages, opportunities, and risks in your analysis”. Written report will be conducted in groups of 

two or three. 

 

2 – MAIN BODY 

PART 1 – NEW ALTERNATIVE WAYS OF FINANCING GREEN PUBLIC TRANSPORTATION PROJECTS 

Converting already established public transportation systems into a greener version requires adequate 

financial funding. Especially in developing countries, where financial resources are scarce, it is necessary to 

come up with new ways of financing options to cover for the upfront investment needed for new 

transportation infrastructure. In such developing countries revenue from their small-scale systems and 

other sources may be insufficient to cover already existing maintenance and operation expenses, let alone 

new investment projects. These high expenses and limited revenue generation causes an “underfunding 

trap” (World Bank Group, 2016). Therefore, in addition to conventional methods, governments are seeking 

new alternative ways to finance their green projects.  

 

Main revenue sources in urban transportation can be classified into three subcategories: revenue from 

public sector, from users and from other stakeholders. Public sector represents loans and grants from 

international organizations. Users’ category represents revenue from direct users of the service such as 
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ticket fees and taxes. Other stakeholders’ category represents contributions by people who benefit from 

the improvements even though they are not users. 

 

 

Table 1. Revenue Sources in Urban Transportation 

 
Source: World Bank Group, 2016, “Sustainable Urban Transport Financing from the 

Sidewalk to the Subway: Capital, Operations, and Maintenance Financing”, p. 9. 
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When planning for an urban transport investment, the project’s benefits should be identified and 

measured. In this way, benefits can be paired with specific financial instruments to capture the added value 

with the investment (Zegras, 2006). With the new outlook these benefits should not only be limited to 

financial outputs but also should include sustainability and increased environmental concern. Even though 

any capital investment will require long term financing for preventive and routine maintenance and to cover 

operational costs, wise investments can increase the cost-effectiveness of projects in terms of their social 

and economic benefits and may attract more funds easier (World Bank Group, 2016). In other words, 

investors may be better off investing in a green public transportation project that brings not only financial 

return but also provides a benefit to the society by reducing future environmental and health expenses. 

 

When deciding which financing source is relevant for a project, it is necessary to keep in mind that the 

number of resources and type of financing instruments required are largely related with the level of 

development of the transport network. In developing countries, less developed transport networks would 

require large capital investments in the short term and recurrent funding sources in the long term. In 

developed countries, highly developed transport networks would have mainly recurrent operational and 

maintenance expenditures (Sakamoto & Belka, 2010).  

 

Apart from green bonds and impact investing which will be explained in the following sections, mostly new 

transportation infrastructure investments are financed through public transportation subsidies (see 

Module 3), property taxes (see Module 3), national and international loans and grants, through carbon 

market, use of funds provided from institutions like Global Environment Facility and Clean Technology Fund, 

as well as PPPs for public transportation (World Bank Group, 2016).  
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Table 2 . Financing Instruments and Their Measure of Benefit 

 
Source: World Bank Group, 2016, “Sustainable Urban Transport Financing from the 

Sidewalk to the Subway: Capital, Operations, and Maintenance Financing”, p. 21. 

 

As can be seen from Table 2, each method has its own measure of benefits and timing. Governments should 

pay attention to which method meets the project’s requirement best when deciding between financing 

alternatives. When revenue generation levels are compared generally PPPs for public transport generates 

the most revenue to the government followed by property taxes, and then loans and grants. However, 

when it comes to environmental impact and sustainability, property taxes have low impact. PPPs and loans 

& grants still have high environmental impact while generating higher revenue (Zhao et al., 2012). 

Specific investment project outcomes, the local context, stakeholders, and the required funding periodicity 

determine the best financing option. Due to the different characteristics of the financing instruments, the 

large amounts of funding required, and the periodicity of expenditures, combining instruments will work 
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best to provide comprehensive financing for all parts of a transport investment project, including capital, 

maintenance, and operations (World Bank Group, 2016). 

 

PART 2 – GREEN BOND INVESTMENTS 

Green bonds are recently being used by governments to finance green projects. Just like conventional 

bonds, investors lend their money to the government and in return green bonds provide investors fixed 

income of interest and return. The only difference is green bond proceedings can only be used in financing 

green projects or projects that have a positive impact on the environment. The Green Bond Principles (GBP) 

developed under the auspices of the International Capital Markets Association (ICMA) has four 

components: use of proceeds, process for project evaluation and selection, management of proceeds, and 

reporting. A number of countries and jurisdictions have developed their own set of guidelines for green 

bond issuance, many of which align with the GBP (Emerging Market Green Bonds Report, 2021). 

 

The largest green bond issuers can be listed as China, Chile, the Czech Republic, Hungary, Brazil and 

Indonesia.  

 

Table 3. Green Bond Issuance Volume 

 
Source: Amundi Asset Management & International Finance Corporation, 2021, “Emerging 

Market Green Bonds Report 2020”, p. 11. 

 

In developing markets financial institutions make up 50% of cumulative green bond issuance by volume, in 

developed countries this percentage reduces to 19%.  Nearly half of nonfinancial corporate green bond 
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issuance in developing counties is in the power and utilities sector, construction and real estate sectors 

have also steadily increased. Proceeds of green bonds are mostly used in renewable energy (35%) and green 

transportation (29%) projects followed by water, green building, waste, land and unallocated adaptation 

and resilience projects. 

 
Figure 1. Green Bond Funding by Industries 

Source: Amundi Asset Management & International Finance Corporation, 2021, “Emerging 

Market Green Bonds Report 2020”, p. 17. 

 

In order to scale up the green bond issuance countries are advised to promote transparency, availability of 

information and know-how, increased use of green assets, providing political and financial stability as well 

as increased liquidity and decreased transaction costs (Emerging Market Green Bonds Report, 2021). 

 

PART 3 – CROWDFUNDING AND SOCIAL IMPACT INVESTING 

Crowdfunding is raising funds from stakeholders to finance a project. In the literature there are three main 

types of crowdfunding: donation-based crowdfunding, passive investment crowdfunding and active 

investment crowdfunding. In donation-based version investors donate to the project and don’t expect any 

kind of a return. In the passive investment version investors receive a reward as a result of their 

contribution. This reward can be in form of a discount, honorary recognition, or a free sample. In active 

investment version investors get to have a chance in participating about the prototype, design etc. of the 

project like a shareholder (Hörisch, 2015).  
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Usually, private companies or startups chose this kind of financing using online platforms like Kickstarter. 

However, a study by Hong, et.al (2019) shows that crowdfunding can also be an effective fund-raising 

alternative for governments especially if the project is about sustainability and welfare of the society. In 

Korea Crowdfunding Law was accepted in 2015, and government started to raise money for public projects 

using Wadiz online platform. In this case, government primarily determines and announces areas for 

improvement. Then, they request solutions from private sector organizations like NPOs. Next, the 

government conducts reviews of crowdfunding proposals submitted by NPOs and individuals and selects 

those projects that are feasible. Finally, feasible projects are published in the crowdfunding platform to 

attract investors (Hong et al., 2019). In their study, Hong et al. (2019) finds that the existence of government 

support approximately increases the crowdfunding success rate by 64%. 

Social impact investing is the use of funds to generate both social and financial returns, offering a way to 

help social organizations access suitable financing and improve their ability to deliver impact (Maduro et 

al., 2018). Social impact investment usually differs from more traditional types of investment because it 

provides greater flexibility in repayment terms, lower interest rates, and the acceptance of a greater risk 

than commercial lenders would normally consider (European Parliament, 2014). Social change (impact) 

aims that the project must be reliably measurable and monitored. With their limited financial budgets, 

governments may find social issues harder to address. Combining both financial and social outcomes, 

impact investing helps governments to raise investment for many projects.  

Mostly, social impact investments are financed through social impact bonds. Bond-issuing organization or 

government raises funds from private-sector investors, charities, or foundations. These funds are 

distributed to service providers to cover their operating costs. If the measurable outcomes agreed upfront 

are achieved, the government or the commissioner proceeds with payments to the bond-issuing 

organization or the investors (OECD, 2016). If the desired social impact or outcome is not received investors 

won’t get any return. Therefore, unlike green bonds, default risk is higher. Also, unlike green bonds, there 

is a service provider intermediary. 

There are two main types of investors willing to participate in social impact investments: financial first 

investors and impact first investors. Financial first investors are generally institutional investors that expect 

appropriate risk adjusted financial returns for social impact projects comparable to mainstream 

investments. In contrast, impact first investors usually from the philanthropic sector and charitable 

foundations are willing to accept below market financial rates of return or greater risk to achieve social 

goals (Australian Government Discussion Paper, 2017). 
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Table 4. Benefits of Social Impact Investing 

 
Source: Australian Government, 2017, “Social Impact Investing Discussion Paper” p. 11. 

 

Even though it has many benefits there are some obstacles in implementing social impact investing for 

governments. For supply side higher risks and transaction costs associated with the investment may cause 

low attractiveness for private investors. For demand side lack of social enterprises or their unwillingness to 

pay social service providers create an obstacle. However, the most important problem is the lack of 

coherent standardized approach towards impact measurement and lack of guidance (EMPL, 2020). 

In-Class Activity: To facilitate green public transport should the government issue a green bond or a social 

impact bond, please explain. 
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Answer: Green bonds finance projects with positive impact on environment. Social impact bonds are 

related with positive social outcomes and repayment of investment is contingent upon achievement of the 

desired social outcome which makes them riskier for investors. In this case green bond issuing is more 

suitable. 

 

 

PART 4 – THE ROLE OF INTERNATIONAL INSTITUTIONS, GRANTS AND PARTNERSHIPS 

National and international loans and grants are used extensively for financing green public transportation 

projects among countries. Agencies providing this funding typically also support institutional and technical 

capacity development along with the delivery of funds. United Kingdom, United States and Mexico widely 

use grants and loans for project financing. United Kingdom has eight types of funds for different types of 

projects; funds are awarded via competitive bidding. In the United States, the federal government provides 

grants for capital investments for busways or trams that will be planned, implemented, and operated at the 

local level. In Mexico, the federal government’s Transportation Federal Support Program (PROTRAM) gives 

study grants and loans for the complete funding of capital costs of public transport projects (World Bank 

Group, 2016).  

Loans and grants can be awarded from national and international organizations, private organizations (such 

as commercial banks), or foreign sources (such as governments of industrialized countries, either bilaterally 

or through multilateral institutions such as the World Bank.). Clean technology fund and global environment 

facility funds are also available internationally. Grants often do not require future repayment but requires 

a fulfillment of certain conditions, such as specific levels of contributions by the local government or private 

sector. Financial aid from funding agencies gives credibility to a project and can help attract other sources 

of financing (World Bank Group, 2016). 

Public private partnerships are also considered as a financing alternative for green projects.  Public private 

partnerships (PPPs) allow the government to obtain resources from the private sector through a contractual 

agreement. With this way a project’s funding is secure for the overall life cycle (including construction, 

modernization, maintenance, operation, and service provision). Different kinds of contracts can be seen in 

the diagram below. Private partners get to use their expertise in a large-scale project guaranteed by 

government, and in some contracts operate the new facility. Government on the other hand gets the 

funding needed without harming taxpayers. In the long term the public, through fares and tolls, funds the 

project, but in the short term the private sector provides capital to develop the project (World Bank Group, 

2016). 
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Figure 2. Contract Types with Private Sector Involvement 

Source: World Bank Group, 2016, “Sustainable Urban Transport Financing from the Sidewalk to the 

Subway: Capital, Operations, and Maintenance Financing”, p. 80. 

 

3 - CONCLUSION 

In the last hour, new and alternative ways of financing options for green public transport projects, green 

bond concept, crowdfunding, and social impact investment as well as role of international institutions, 

grants and partnerships for project fund-raising are explained using the discussion question, the in-class 

activity, and the PowerPoint slides.  

 

At the end of the hour, the instructor will go over the written report guidelines and instructions, 

handouts and answer any questions if the learners have. The written report’s topic will be “Please 

compare and contrast alternative ways of fiscal policies and fund-raising options for green public 

transport facilitating projects and discuss the most applicable option and policy for your country. Don’t 

forget to include advantages, disadvantages, opportunities, and risks in your analysis”. The written 

report will be conducted in groups of two or three. 

Then the instructor will briefly summarize the learning outcomes achieved by completing this module 

and end the class. 
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MODULE #8: ENTREPRENEURSHIP OPPORTUNITIES CONSIDERING SMART 

CITY PUBLIC TRANSPORTATION 

HOUR 1: Introduction of Intellectual Property Rights (IPR) 
 

AUTHOR INFORMATION 

 

Author(s): Seda Damla Yucel  

E-mail: seda.yucel@tedu.edu.tr    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● increase their awareness of intellectual property rights (IPR) and its types. 

● understand the IPR terminology in the context of the programme topic. 

 

Learning Outcomes  

This will be a discussion-based course and by the end of the lesson, learners will be able to:  

● compare all forms of IPR. 

● distinguish patents from other types of IPR. 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required; however, learners are advised to read: 

● the teaching notes which are available on the project website. 

● the supplementary materials given in the next section.  

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are recommended to gain knowledge about the concepts which will be introduced during the 

course.  

● https://www.wipo.int/about-ip/en/  

● WIPO; Intellectual Property Handbook: Policy, Law and Use 

● WIPO; What is Intellectual Property? 

 

 

mailto:seda.yucel@tedu.edu.tr
https://www.wipo.int/about-ip/en/
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LECTURE NOTES 

 

1 – INTRODUCTION 

Intellectual Property (IP) is all outputs of creative endeavors in any field by humans like technical 

information, designs, trade secrets, know-how, information, literary works, plant varieties and related 

information, dramatic, musical, or artistic works etc. Intellectual Property Rights (IPRs) provide legal rights 

to protect creations and/or inventions resulting from intellectual activity in the industrial, scientific, literary, 

artistic fields or other types of IP. 

This module is based on intellectual property rights and its effect on the entrepreneurship ecosystem. 

During this module, you will have the opportunity to develop new ideas by harmonizing the technical 

knowledge you have learned in other modules with what you will learn in this module. 

This module will provide a broad perspective and knowledge for students regarding intellectual property 

rights. The learners will be able to practice intellectual property rights especially patent to develop their 

new idea.  

 

INTELLECTUAL PROPERTY RIGHTS (IPR) 

PART-1: What is intellectual property? 

The level of welfare develops as technology progresses and has increased the interest in science, art, and 

research. While this has created opportunities for research in different fields, it has opened doors to 

innovation thanks to creativity. The concept of "Intellectual Property" has been formed based on the 

protection of these created, produced and/or discovered assets, and it aims to protect the "outputs" 

obtained by creative human nature. 

The Convention Establishing the World Intellectual Property Organization (WIPO) concluded in Stockholm 

on July 14, 1967 (Article 2(viii)) provides that “intellectual property” include rights related to:  

▪ literary, artistic, and scientific works,  

▪ performances of performing artists, phonograms, and broadcasts,  

▪ inventions in all fields of human endeavor,  

▪ scientific discoveries,  

▪ industrial designs,  

▪ trademarks, service marks and commercial names and designations,  

▪ protection against unfair competition and all other rights resulting from intellectual activity in the 

industrial, scientific, literary, or artistic fields8. 

                                                           
8 Intellectual Property Handbook, WIPO, Y. 2008, s. 13, http://www.wipo.int/edocs/pubdocs/en/intproperty/489/wipo_pub_489.pdf  
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The knowledge economy of countries has great importance for both industry, government and higher 

education institutions in global competition. The increasing competition in the global market orients 

countries to R&D activities, innovation studies and strategic collaborations. These developments in the 

global market increase interdisciplinary R&D studies by gathering different structures and reveal the 

importance of intellectual property rights in the execution of the outputs achieved from scientific research. 

Intellectual Property, which is an output of intellectual capability and labour, is another class of property, 

and it is based on the activities of human intellect.  

Intellectual Property refers to information which can be incorporated in tangible objects and reproduced 

in different locations, such as patents, designs, trademarks, and copyright. The rights accrue on the owner 

of such property (Intellectual Property) are termed as Intellectual Property Rights (IPR)9. 

Intellectual property rights play an effective role in the process of developing the outputs as a result of the 

scientific research and R&D studies at the phase of putting them into practice. 

Protection and commercialization of intellectual property rights has a strategic position and importance in 

protecting the rights of the person who creates the new idea and protecting the rights of the institutions 

that contribute to the creation of this new idea, creating new funding sources for financing the 

development of this new idea and producing theoretical knowledge with an industrial partnership10.   

 

Intellectual Property Rights 

"Property" has a very broad meaning, which includes not only tangible elements with a certain value in 

financial terms, but also intangible rights that are regarded as a source or element of income or wealth. 

Tangible property, which relates to any forms of property could be touched and moved, includes items such 

as furniture, transports, clothes, goods, etc.  

Intangible property, which relates to personal property that cannot be moved and touched, includes 

something such as negotiable instruments, knowledge, securities, etc. Intangible rights have been 

protected and granted in the scope of the Intellectual Property Law, and thus, Intellectual Property Law 

protects and guarantees the intangible rights which provide exclusive rights to the owners over their 

intangible assets like books, discoveries, inventions, musical, designs, etc. 

As stated above, Intellectual Property (IP), which is an output of intellectual capability and labour, is another 

class of property, and it is based on the human mind, like inventions, books, designs, etc. IP provides to 

filter the developed hypotheses about what ought to be considered as ‘new’, ‘original’ or ‘unique’, and 

                                                           
9 The Institute of Company Secretaries of India, Professional Programme, Intellectual Property Rights-Laws And Practice 
10 Kılıçaslan İbrahim, Bilgi Ekonomisi – Sınai Mülkiyet Hakları ve Kamu-Üniversite-Sanayi İşbirliği (İnovatif Üniversite 

Modeli), 3. Sanayi Şurası, Y. 2013, s. 3, http://www.sanayisurasi.gov.tr/?p=sunumlar Son Erişim Tarihi: 29.12.2017 
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distinguish them from the ‘prior art’, or, to put it differently, to test developed ideas, and verify whether 

they are original11. 

IP provides protection for the creations of the human mind and gives them property rights over their 

creations, such as producing, using, selling, reproducing, advertising, etc. For this protection it must be the 

result of the intellectual creativity which is higher than an average person. It provides: 

▪ limited duration 

▪ intangible rights which can be sold (assignment-transfer), license (renting), etc.  

IP refers to information which can be incorporated in tangible objects and reproduced in different locations. 

IP is divided into three categories: 

▪ Industrial property, which includes patents/utility models, trademarks, industrial designs, 

geographical signs, and layout designs (topographies) of integrated circuits. 

▪ Copyright, which is about literary and artistic works such as novels, poems, films, etc. includes 

author’s rights and related rights.  

▪ Other rights include trade names, unfair competition, domain names, etc.  

This module will be focus on industrial property especially patents.  

 

Lessons Learned (Summing Up): 

▪ "Property" has a very broad meaning, which includes not only tangible elements with a certain value in 

financial terms, but also intangible rights that are regarded as a source or element of income or wealth. 

                                                           
11 Ignacio De Leon, Jose Fernandez Donoso, Innovation, Startups and Intellectual Property, 2017, S. 31 
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▪ IP is an intangible form of property which provides limited duration and intangible rights sold such as 

assignment-transfer) and license (renting), etc.  

▪ IP, which is an output of intellectual capability and labour, is another class of property, and it is based 

on the activities of human intellect such as inventions, literary and artistic works, symbols, names, 

images and designs.  

▪ The main difference between IP and other types of property is that IP is intangible and cannot be 

touched and moved. 

PART 2: TYPES OF IPR 

Patents protect the inventor’s rights; trademarks create opportunities for companies, products, services, 

etc. to build commercial reputation; copyrights protect the written words, sounds, signs, etc; industrial 

designs protect the external shape of the products; trade secrets protect the know-how through 

confidentiality. As can be seen, all types of IPR have different protection properties and scope. 

 

 
Figure 1. Types of IPR12 
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Figure 2. IPR on a product 

 

Table 1. IP Comparison12 

IP RIGHTS PATENT TRADEMARK INDUSTRIAL DESIGN 

Subject Matter Inventions 

Distinctive signs to identify the goods 

and services of a particular enterprise 

and distinguish them from others 

Original ornamental and non-

functional elements of a 

product or its parts 

Requirements 

for Protection 

Absolute Novelty 

Inventive Step 

Industrial Applicability 

Distinctive  
Novelty (new)  

Originality criteria 

Conferred 

Rights 

Exclusive rights to 

produce, use and sell 

the patented inventions 

Exclusive rights to use trade mark in 

trade 

Exclusive rights to use the 

design and prevent the third 

parties from using without 

permission 

Duration 20 years from filling  
Usually 10 years, can be renewed 

indefinitely on payment of fees. 

At least 10 years., can be 

renewed every few years in 

many countries 

                                                           
12 http://www.innovationpolicyplatform.org/www.innovationpolicyplatform.org/content/types-ipr/index.html  

http://www.innovationpolicyplatform.org/www.innovationpolicyplatform.org/content/types-ipr/index.html
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2.1. Patent/Utility Model 

Patent is granted for the invention of any new and useful process, machine, manufacture or composition 

of matter, or any new useful improvement thereof. A patent is a property right that grants the inventor or 

owner the right to exclude others from making, using, selling, or offering to sell the invention as defined by 

the patent’s claims in the related country for a limited period of time13. 

Utility Model is similar to a patent. Utility models are much cheaper to obtain and the requirements for the 

grantee are usually less stringent, and the term is shorter than patents. Utility models are available for a 

small but a significant number of countries and regions such as Austria, China, Germany, Japan, Spain, 

Taiwan, etc. Utility model systems require compliance with less stringent requirements (for example, lower 

level of inventive step), have simpler procedures and offer shorter terms of protection14. 

Utility model generally can be applied for the shape or structure of products in certain fields of technology, 

such as mechanical devices and apparatus, not for chemical and biological processes15. Eligibilities to apply 

for utility models significantly differ from one country to another. 

The main differences between utility models and patents are as follows:16 

▪ The requirements for acquiring utility models are less stringent than for patents. While the 

requirement of “novelty” must always be met, albeit in some countries only at a local level, that of 

“inventive step” or “non-obviousness” may be lower or absent altogether. In practice, protection 

for utility models is often sought for innovations of a rather incremental character which may not 

meet the patentability criteria. 

▪ The term of protection for utility models is shorter than for patents and varies from country to 

country (usually between 7 and 10 years). 

▪ In most countries, patent offices do not examine utility model applications as to substance prior to 

registration. This means that the registration process is often simpler and faster, sometimes taking 

six months or less. 

▪ Fees for obtaining and maintaining utility models are cheaper. 

▪ In some countries, utility model protection can only be obtained for certain fields of technology, 

and only for products but not for processes. 

The patent provides a limited monopoly for the inventor to exclude others from making, using, selling, 

offering for sale, or importing a patented invention in the protected country during the term of the patent. 

                                                           
13 Gerald B. Halt, Jr., John C. Donch, Jr., Robert Fesnak, Amber R. Stiles, Intellectual Property in Consumer Electronics, 

Software and Technology Startups, 2014 
14 WIPO 
15 WIPO 
16 WIPO 
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Thus, the patent creates barriers for competitors to enter the market by excluding them from making, using, 

selling, offering for sale, or importing the related invention. 

In other respects, in exchange for these exclusive rights, the inventor is required to disclose the full and 

complete details of the invention to the public. The general perspective of the patent is that if the public 

has access to complete inventive disclosures, it will develop new and better ways of solving the related 

and/or same problems17.  

Patents provides territorial protections, which means that an invention is protected only in the countries 

or regions where the inventor applied to protect its invention. In other words, if a patent has not been 

granted in each country, the invention will not be protected in that country. 

A patent application should be made in the preferred country for the protection of the invention. Before 

filing a patent application, a patent search should be done as an important step. The patent search provides 

to check whether any invention/product/written instrument like related invention already exists. There are 

many free online sources provided by many national and regional patent offices. And also, there are many 

patent information databases online provided by commercial and non-profit service providers.  

 

Patentability Requirements 

The TRIPS Agreement requires Member countries to make patents available for any inventions, whether 

products or processes, in all fields of technology without discrimination, subject to the normal tests of 

novelty, inventiveness and industrial applicability. It is also required that patents be available and patent 

rights enjoyable without discrimination as to the place of invention and whether products are imported or 

locally produced (Article 27.1)18. 

▪ Novelty: For an invention to be patentable, it must be “new” or ‘‘novel’’ if an invention was known, 

used, on sale or was disclosed in a printed publication anywhere in the world before the effective 

filing date of invention, it is not patentable19. 

▪ Inventive step (Non-Obviousness): The non-obviousness requirement requires that an examiner 

step into the shoes of a person of ordinary skill at the time the invention was made and determine 

whether the claimed invention would have been obvious without using hindsight obtained by 

reviewing the patent application20. 

                                                           
17 Gerald B. Halt, Jr., John C. Donch, Jr., Robert Fesnak, Amber R. Stiles, Intellectual Property in Consumer Electronics, 

Software and Technology Startups, 2014 
18 https://www.wto.org/english/tratop_e/trips_e/intel2_e.htm#patents  
19 The AIA Prior Invention—35 U.S.C. § 102(a)(1) 
20 Gerald B. Halt, Jr., John C. Donch, Jr., Robert Fesnak, Amber R. Stiles, Intellectual Property in Consumer Electronics, 

Software and Technology Startups, 2014 

https://www.wto.org/english/tratop_e/trips_e/intel2_e.htm#patents
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▪ Industrial Applicability: “industrial applicability” means reflecting the possibility of making, 

manufacturing, and using in practice. 

 

Lessons Learned (Summing Up): 

▪ Patents grant proprietary rights the patent holder on an invention of any new and useful process, 

machine, manufacture or composition of matter, or any new useful improvement thereof to 

exclude others from making, selling, or using the invention. 

▪ Patents give monopoly rights to the inventor on the invention to commercialize and exploit that 

invention for a certain period. 

▪ Patents provide territorial protections, which means that an invention is protected only in the 

countries or regions where the inventor applied to protect its invention.  

▪ Utility model is generally can be applied for the shape or structure of products in certain fields of 

technology, such as mechanical devices and apparatus, not for chemical and biological processes 

▪ Utility models are much cheaper to obtain, the requirements for grantee are usually less 

stringent, and the term is shorter than patents.  

▪ Utility models are available for a small but significant number of countries and regions like 

Austria, China, Germany, Japan, Spain, Taiwan, etc.  

▪ Utility model systems require compliance with less stringent requirements (for example, lower 

level of inventive step), have simpler procedures and offer shorter term of protection. 

 

2.2. Trademark 

Trademark is a word, phrase, symbol, or design, or combination of words, phrases, symbols, or designs 

which provides that it is capable of distinguishing the goods and services of one undertaking from the goods 

and services of other undertakings. 

According to TRIPS Agreement Article 15; “Such signs, in particular words including personal names, letters, 

numerals, figurative elements and combinations of colors as well as any combination of such signs, must be 

eligible for registration as trademarks.” 

TRIPS Agreement makes allowance to the members to determine whether to allow the registration of signs 

that are not visually perceptible (e.g., sound or smell marks). 

The period of protection varies but is usually ten years. A trademark can be renewed indefinitely beyond 

the time limit on payment of additional fees.  

Functions of Trademarks: 

▪ Distinctiveness 

▪ Quality 

▪ Source 
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▪ Advertisement 

Trademark protection is also territorial, but it is possible to obtain trademark protection in as many of the 

countries in the scope of the Madrid System by filing a single application. 

Trademark provides the owners protection for their products and services from unfair competitors, such as 

counterfeiters. On the other hand, trademarks create opportunities to become visible and increase 

recognition not only in national markets but also in global markets. 

The registration of a trademark gives the exclusive right to the owner to use the trademark in relation to 

the goods or services in respect of which the trademark is registered. While registration of a trademark is 

not compulsory, it offers better legal protection and advantages for any infringement. 

A “strong” mark as a trademark can identify the source of the covered products or services. But a scarcely 

distinctive mark can be considered “weak” for a trademark. In general, the stronger a trademark is, the 

more easily it will be accepted for registration and protection from unauthorized use and registration by 

others will be obtained. 

The distinctiveness for a trademark can generally be categorized into five categories. These are listed from 

most distinctive to least distinctive: 

▪ Fanciful Mark is a mark, which is an invented word, consists of a combination of letters, and it has 

no meaning such as Google, KODAK, etc. 

▪ Arbitrary Mark is a word and/or a group of words which has a common meaning in the language 

that has no relation to the goods or services for which the mark is used such as Apple, Lotus, Dove, 

etc. 

▪ Suggestive Mark implies or suggests the nature of a product/service or one of its characteristics 

without describing the product or service. Imagination, thought, or perception are required to 

reach a conclusion about the product/service such as Microsoft (suggestive of software for 

microcomputers), Airbus (for airplanes), etc. 

▪ Descriptive Mark consists of a word and/or words that describe(s) the ingredient, quality, 

characteristic, function, feature, purpose, or use of the product/service such as Turkish Airlines, 

Hilton Hotels, etc. 

▪ Generic Marks means the everyday descriptions of a product or its seller such as “restaurant,” 

“watch,” or “door”, which belong to the public. These words cannot be granted as trademark. 

However, they can only be protectable as trademark by adding a signifier to describe a significant 

quality of the product/services such as Smart Phone, etc.  

There are some examples used as a trademark: 

▪ Symbol → Apple 

▪ Shape → Coca-Cola 

▪ Slogan → Just do It (Nike) 
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▪ Sound → Nokia – Connecting People 

▪ Color → Benetton 

 

Lessons Learned (Summing Up): 

 

▪ Trademark is a word, phrase, symbol, or design, or a combination of words, phrases, symbols, or 

designs which provides that it can distinguish the goods and services of one undertaking from the 

goods and services of other undertakings. 

▪ Distinctiveness is required to register for trademark. 

▪ The stronger a mark is, the more it is acceptable for registration, and it is easier to obtain protection 

from unauthorized use and registration by others. 

 

2.3. Industrial Design 

Industrial design provides protection rights for ‘any new, original, and ornamental design for the 

appearance of a product. Industrial design is preferred to protect a wide variety of industrial products and 

handmade goods such as watches, cars, clothes, machines, etc. Industrial design just protects the 

appearance of a product. Its technical and functional properties are protected by patent if they meet the 

requirements for patent protection. 

Although it depends on each national law, novelty and originality criteria are required for the registration 

of industrial design. In general, an industrial design is new or novel if it has not previously been disclosed 

to the public, and it may be considered as original if it significantly differs from known designs or 

combinations of known design features21. 

Industrial design rights are granted for a limited period. The duration of the protection of industrial designs 

varies from country to country, but it amounts at least to 10 years. In many countries, the total duration of 

protection is divided into successive renewable periods22. Industrial design protection is also territorial, but 

it is possible to obtain industrial design protection in as many of the countries in the scope of the Hague 

System by filing a single international application. 

In most countries, an industrial design needs to be registered in order to be protected under industrial 

design law as a “registered design”. In some countries, industrial designs are protected under patent law as 

“design patents23” 

 

                                                           
21 https://www.wipo.int/designs/en/faq_industrialdesigns.html  
22 https://www.wipo.int/designs/en/faq_industrialdesigns.html#accordion__collapse__05  
23 https://www.wipo.int/designs/en/  

https://www.wipo.int/designs/en/faq_industrialdesigns.html
https://www.wipo.int/designs/en/faq_industrialdesigns.html#accordion__collapse__05
https://www.wipo.int/designs/en/
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Lessons Learned (Summing Up): 

▪ Industrial design provides protection rights for ‘any new, original, and ornamental design for the 

appearance of a product. 

▪ Industrial design just protects the appearance of a product; its technical and functional properties 

are protected by patent if they meet the requirements for patent protection. 

▪ In general, an industrial design is considered to be new or novel if it has not previously been 

disclosed to the public. 

▪ In general, an industrial design may be considered as original if it significantly differs from known 

designs or combinations of known design features. 

▪ The period of protection varies among countries, but it is at least ten years. 

▪ Industrial design protection is also territorial, but it is possible to obtain industrial design protection 

in as many of the countries in the scope of the Hague System by filing a single international 

application. 

 

2.4 Geographical Signs  

A geographical indication (GI) is a sign used on products that have a specific geographical origin and possess 

qualities or a reputation that are due to that origin. A sign must identify a product as originating in each 

place. In addition, the qualities, characteristics, or reputation of the product should be essentially due to 

the place of origin. Generally, a geographical indication includes the name of the place of origin of the 

goods. 

 

2.5 Layout - Designs of Integrated Circuits 

A layout design of an integrated circuit can be protected if it is original in the sense that it is the result of 

the creators’ own intellectual effort and not commonplace among creators of layout-designs and 

manufacturers of integrated circuits at the time of the creation24. 

 

2.6. Trade secret 

A trade secret is generally, any formula, manufacturing process, method of business, technical know-how, 

etc., that gives its holder a competitive advantage and is not generally known. The legal definition of a 

trade secret and the protection afforded to a trade secret owner varies from state to state.  Trade secret 

provides an unlimited period for protection. It means that the monopoly on the know-how never ends 

until the information is leaked and shared with the public.  

                                                           
24 https://www.wipo.int/patents/en/topics/integrated_circuits.html 

https://www.wipo.int/patents/en/topics/integrated_circuits.html


 

315 
 

The main differences between patent and trade secret are as the following. 

 

Table 2. Main differences between patent and trade secret 

Patent Trade Secret 

Inventions are protected. Business information is protected. 

Maximum protection duration is 20 years. 
Until shared and/or went into the public 

domain. 

Filing a patent application form. Does not require any application. 

Patentability: Requirements are novelty, 

inventive step and industrial  

Applicability 

There are no requirements. 

Application filling fees: patent issues fee, 

attorney fees, etc. 
No specific costs. 

 

 

2.7 Copyrights 

Copyrights protect original works of authorship fixed in a tangible medium of expression. Copyrighted 

works include literary, dramatic, and musical compositions, movies, pictures, paintings, sculptures, 

computer programs, etc. Copyright protects the expression of an idea, but not the idea itself25. Copyright 

protection provides the exclusive rights to the owner (writers, artists, designers, dramatists, musicians, 

architects, and producers) to modify, distribute, perform, create, display, and copy the related work. 

 

3 - CONCLUSION 

As previously stated, Intellectual Property Rights provides a person/legal entity monopoly rights to 

protect their intellectual outputs. Without a legal protection, one entity can lose the power of its solution 

if it is replicated and used for profit by other parties for their own financial gain.  Precautions can also 

assist entities in protecting their know-hows. Utilizing some of the techniques will stop a company's 

intellectual property from falling into the wrong hands. 

 

 

                                                           
25 Gerald B. Halt, Jr., John C. Donch, Jr., Robert Fesnak, Amber R. Stiles, Intellectual Property in Consumer Electronics, 

Software and Technology Startups, 2014 
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E-mail: seda.yucel@tedu.edu.tr    

 

Teaching Objectives 

 

This lesson will provide learners with the opportunity to: 

● gain knowledge about the different forms of entrepreneurs.  

● discuss the common reasons for entrepreneurial failure. 

● explain the advantages and disadvantages of IP for entrepreneurs. 

Learning Outcomes  

http://www.innovationpolicyplatform.org/www.innovationpolicyplatform.org/content/types-ipr/index.html
http://www.innovationpolicyplatform.org/www.innovationpolicyplatform.org/content/types-ipr/index.html
https://www.wipo.int/designs/en/
https://www.wipo.int/designs/en/faq_industrialdesigns.html
https://www.wipo.int/designs/en/faq_industrialdesigns.html#accordion__collapse__05
https://www.wipo.int/patents/en/topics/integrated_circuits.html
https://www.wto.org/english/tratop_e/trips_e/intel2_e.htm#patents
mailto:seda.yucel@tedu.edu.tr
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At the end of the lesson, learners will be able to:  

● compare different forms of entrepreneurship. 

● evaluate their own potential to become entrepreneurs. 

● analyze the position of the IPR in the entrepreneurial ecosystem.s 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required; however, learners are advised to read; 

● the teaching notes which are available on the project website. 

● the supplementary materials given in the next section.  

 

Reading Materials 

The teaching notes are available on the project website. In addition to the teaching notes, the following 

reading materials are recommended to gain knowledge about the concepts which will be introduced during 

the course.  

● Ignacio De Leon, Jose Fernandez Donoso (2017); Innovation, Startups and Intellectual Property 

Management 

● Gerald B. Halt Jr., John C. Donch, Jr., Amber R. Stiles, Robert Fesnak (2017); Intellectual Property 

and Financing Strategies for Technology Startup 

● Gerald B. Halt Jr., John C. Donch, Jr., Amber R. Stiles, Robert Fesnak (2014); Intellectual Property in 

Consumer Electronics, Software and Technology Startups 

 

LECTURE NOTES 

 

1 – INTRODUCTION 

This module is based on intellectual property rights, and its role and effects on the entrepreneurial 

ecosystem.  

During this module,  learners will have the opportunity to gain knowledge about who entrepreneur is, their 

roles and contribution to the economy and the relationship between intellectual property rights and 

entrepreneurial ecosystem. 

This module will provide a wide perspective and knowledge for the learners about entrepreneurial 

ecosystem and the role of intellectual property rights in the entrepreneurship. The learners will be able to 

evaluate themselves on whether or not to become an entrepreneur.  

 

ENTREPRENEURSHIP ECOSYSTEM AND THE RELATIONSHIP BETWEEN IPR AND ENTREPRENEURSHIP 

A. Definitions 
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There is some common terminology which are used entrepreneurial:  

The word entrepreneur, which originated from the French word ‘entreprendre’, means “to undertake”. 

Different definitions for “Entrepreneur” have been developed by different people until today. For instance, 

Richard Contillon (1620 – 1734) emphasizes the “risk” and defines the entrepreneur as a person who bears 

the risks by paying a certain price. Joseph Schumpeter (1883-1950) emphasizes “innovation” and defines 

entrepreneur as an “innovator”. We can define an “entrepreneur” as a dynamic individual who establishes 

their own business for creating economic value through growth by seeing a new opportunity and taking the 

potential risks. 

Entrepreneurship can be defined as an act or process of including skills in starting new businesses, 

identifying business opportunities, determining the existing and/or potential problems/necessaries, 

assembling the necessary resources, taking calculated risks to initiate a business activity. 

A business plan is written document describing in detail how a business will assume to achieve its 

objectives and direct itself, both operationally and financially.  

Canvas Business Model is a template used for documenting new and existing business models through a 

visual chart which allows to communicate a business idea clearly 

Intrapreneur is the employee who is an inside entrepreneur within an existing company. 

Founder is the first person who starts a company. 

 

B. Entrepreneurial Ecosystem  

Entrepreneurship provides an important input to economic development and plays a significant role in 

forming opportunities, as well as finding a better outcome of new start-ups.26 The contribution of 

entrepreneurship varies from economy to economy, country to country; depending on its outputs, 

industrial and technological capacities of countries, and the legal structure of the country for the growth of 

entrepreneurs. Generally, entrepreneurship is accepted as a key driver of global markets.  

The world population is growing day by day, but the existing resources like financial resources, job 

opportunities, natural resources, etc. are decreasing. While considering from the financial resources point 

of view, creation of too many job alternatives is expected for global peace and prosperity in the very near 

future. At this point, entrepreneurship plays a critical and significant role not only in national but also 

international economies around the world to create jobs and generate economic growth-the underpinning 

a stable and civil society. 

Building an Ecosystem for Entrepreneurship   

                                                           
26 M. Yahya, A. Abdul Rahim N. H. Hussain; Entrepreneurial Ecosystem: An Exploration of the Entrepreneurship Model for SMEs in 

Sultanate of Oman 
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As mentioned before; entrepreneurship plays a critical and significant role not only in national but also in 

international economies around the world to create jobs and generate economic growth-the underpinning 

of a stable and civil society. Thus, many countries are working to promote entrepreneurship by developing 

various forms of support mechanisms and instruments. 

There are many differences among the existing entrepreneurial ecosystems from one district to another. 

Each entrepreneurial ecosystem has the pillars in different parts of the globe: the roles, availability and 

impacts of these pillars can differ according to the expectation of the entrepreneurs, systems, and 

governmenst. 

The most known model, the Isenberg 

framework suggests that the 

entrepreneurship ecosystem includes six 

key pillars with twelve elements 

incorporated together. These are:   

● policy (leadership, government); 

● finance (financial capital);  

● culture (success stories, societal 

norms);  

● supports (infrastructure, support 

professions);  

● human capital (labour, educational 

institutions); and  

● markets (early customers, 

networks)27. 

 

 

 

                                                           
27 Colin Mason, Ross Brown; Entrepreneurial Ecosystems and Growth Oriented Entrepreneurship, prepared for the workshop 

organised by the OECD LEED Programme and theDutch Ministry of Economic Affairs 

 

Figure 1: Isenberg Framework 
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Unlike the Isenberg framework, the report of World 

Economic Forum “Entrepreneurial Ecosystems 

around the Globe and Early-Stage Company Growth 

Dynamics – the Entrepreneur’s Perspective” presents 

eight pillars for the entrepreneurial ecosystem in the 

adjacent table28. 

The same report mentioned that each pillar has its 

own components.  

 

 

 

 

However, the domains shown at the Isenberg 

framework overlap with the World Economic 

Forum pillars of successful entrepreneurship 

ecosystems. 

 

 

 

Erik Stam developed another model for 

entrepreneurship ecosystem which provides 

more causal depth with four ontological layers 

(framework conditions, systemic conditions, 

outputs and outcomes), including the upward 

and downward causation, and intra-layer causal 

relations29. 

  

                                                           
28 World Economic Forum, Entrepreneurial Ecosystems Around the Globe and Early-Stage Company Growth Dynamics – the 

Entrepreneur’s Perspective 
29 Stam, E. (2015); Entrepreneurial ecosystems and regional policy: a sympathetic critique 

 

Figure 2: The Eight Pillars of an Entrepreneurial Ecosystem 

 

Figure 3: Components of Entrepreneurial Ecosystem Pillars 

 

Figure 4: Key Elements, Outputs and Outcomes of the Entrepreneurial 
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The Figure 5 is updated by Stam and Van de 

Ven, 201930. The main aim of this model is to 

provide an academically  grounded  set  of  

elements,  and  use  empirical  indicators  

more  closely  reflecting  productive 

entrepreneurship. 

Entrepreneurs identify three pillars of the 

entrepreneurial ecosystem as main 

contributors to their companies’ achieving 

high-scaling status: accessible markets, 

human capital/workforce, and funding & 

finance. These three major pillars are not restricted to a geographically defined ecosystem, such as a 

country, state, province, or city31. This means that these models show not only the pillars of the ecosystem 

but also critical barriers which are at the same time required factors in the Entrepreneurship Ecosystem for 

establishment of a successful and sustainable entrepreneurship ecosystem in different geographical areas 

around the world.  

There is no unique or one to one adaptable entrepreneurship ecosystems model which has universal 

benchmarks to become successful for every structure. Each entrepreneurial ecosystem around the world 

differs in their culture, politics and depth which can be characterized by these pillars. Achieving success in 

establishment of an entrepreneurial ecosystem is a unique process based on the structure, expectations, 

necessaries, and core competencies of the region. 

An ecosystem is a network of many different types of actors who interact in a dynamic, self-regulating 

fashion. These types of actors may include “entrepreneurs (both potential and existing), entrepreneurial 

organizations (e.g. firms, venture capitalists, business angels, banks), institutions (universities, public sector 

agencies, financial bodies) and entrepreneurial processes (e.g. the business birth rate, numbers of high 

growth firms, levels of entrepreneurial ambition etc.) which formally and informally coalesce to connect, 

mediate  and  govern  the  performance  within  the  local  entrepreneurial  environment” listed as below32.  

 

 

                                                           
30 Jip Leendertse, Mirella T. Schrijvers, Erik Stam (2020); Measure Twice, Cut Once.  Entrepreneurial Ecosystem Metrics 
31 World Economic Forum, Entrepreneurial Ecosystems Around the Globe and Early-Stage Company Growth Dynamics – the 

Entrepreneur’s Perspective 
32 The project ‘Fostering collaboration  through  mapping,  analysing  and  interlinking  of  European  Entrepreneurial Regions 

(EER)’, funded by the European Agency for Small and Medium-sizedEnterprises (EASME)  and  supported  by  the  European  
Commission  Directorate-General  for  Internal Market, Industry, Entrepreneurship and SME 

 

Figure 5: Elements, outputs and outcomes of an entrepreneurial ecosystem 

(adapted from Stam, 2015; Stam and Van de Ven, 2021) 
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Table 1: Actors involved in the Entrepreneurial Ecosystem (EE) 

Actors Actors Role in the Entrepreneurial Ecosystem 

Entrepreneurs  Entrepreneurs are the key actor in the EE from the very first stage, especially if 

they are ambitious and have growth aspirations.  A successful ecosystem needs 

leadership in the form of visible and accessible entrepreneurs committed to the 

region (Stam & Spigel, 2016). Entrepreneurs not only create companies and jobs, 

but the more mature ones can be a resource for start-ups, as they can invest their 

time, money, and expertise in supporting new entrepreneurial activity. 

Large corporations While large companies might sometimes act as competitors to start-ups, they can 

also be engaged in a support function for entrepreneurs. Case studies point even 

to large companies as being the trigger for ecosystems.  When explicitly trying to 

help the EE, large companies can provide a convening space and resources for 

local start-ups. They can also be a source of customers, new market channels or 

of talented executives.  Large companies benefit from engaging with start-ups by 

gaining insights into new innovative products and services, access to new 

markets, new talent and fresh perspectives on their business and the ecosystem. 

Universities and public 

research centres 

Universities are a big source of talent and should be well connected to the 

community (Stam & Spigel, 2016). Universities who take a pro-active role in the 

ecosystem can support and provide strong entrepreneurial role models (Feld, 

2012), although not all universities are capable of nurturing an EE.  The three 

characteristics of a leading entrepreneurial research university are:  1) A 

community catalyst where the start-up community gathers, and information is 

shared. 2) A magnet, teacher, and pipeline for the next generation of 

entrepreneurial talent in the region. 3) A source of insight, covering innovative 

ideas with the potential of being commercialized, but also of knowledge on what 

makes start-ups and start-up communities work.  However, barriers in academia 

present challenges to this vision. In the best entrepreneurial universities, 

entrepreneurial engagement is rewarded as part of the faculty incentive 

structure; resources are offered, and cross-campus collaboration is encouraged 

(Feld, 2012). 

Market services Entrepreneurs need mentors and advisors, and professional services (legal, 

consulting, accounting, etc.), specialized in the needs of start-ups and scale-ups. 

By offering free services at the early stages, these providers develop long-term 

business relationships with fast-growing companies.   

In the nascent stage, market services and entrepreneurs might not evolve 

together. However, the lack of market services will prompt start-ups to leave the 

region. Market services should be available at an attractive price and locally, 

otherwise they should be available in a neighbouring region or in other areas 

accessible to companies.   
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The presence of international services for global entrepreneurship can be a sign 

of a promising region. 

Publicly supported 

services/intermedi 

aries 

The public sector can intervene in case the market does not offer the necessary 

services to start-ups in the form of publicly run incubators, co-working spaces, 

public accelerators, science and technology parks among others.  However, for 

publicly run services, there is a lack of evidence that supports their contribution 

to the success of an EE (Tsipouri, 2017) 

Non-profit local or 

transborder support 

organisations 

There are some international organisations that support local systems globally. 

Likewise, some public organisations4 also offer support outside their native 

country. 

 

Entrepreneurs in the Entrepreneurial Ecosystem  

As mentioned before, the word “Entrepreneur” which originated from the French word ‘entreprendre’, 

means “to undertake”. Different definitions for “Entrepreneur” have been developed by different people 

until today. For instance, Richard Contillon (1620 – 1734) emphasizes the “risk” and defines the 

entrepreneur as a person who bears the risks by paying a certain price. Joseph Schumpeter (1883-1950) 

emphasizes the “Innovation” and defines entrepreneur as an “Innovator”. We can define an “entrepreneur” 

as a dynamic individual who establishes its own business to create a new business for creating economic 

value through growth by seeing a new opportunity and taking the potential risks. 

Entrepreneurs do not only create solutions for the existing problems but also, they predict future 

problems/needs/expectations of the market and aim to develop favorable future outcomes in the present. 

An entrepreneur wears multiple hats such as a manager, coordinator, team player, opportunity seeker, 

organizer, etc. when s/he starts the business. Each entrepreneur should utilize these hats according to the 

functions of these in keeping with the time and conditions. A successful entrepreneur can be defined as an 

entrepreneur who foresees the potential need of the market and/or create a market with the 

product/service developed; calculates the potential risk; develops operational activities and structure; 

carries out the whole activities of the business by playing as a good team player with his 

partners/colleagues/stakeholders. 

There are many various classification categories for entrepreneurs. Some of different categorization of 

entrepreneurs are: 

● On the Basis of Economic Development: Innovating Entrepreneurs, Imitating Entrepreneurs, Fabian 

Entrepreneurs and Drone Entrepreneurs 

● On the Basis of Sectors: Primary, Secondary, Tertiary and Quaternary  

● On the Basis of Type of Business: Business Entrepreneurs, Trading Entrepreneurs, Industrial 

Entrepreneurs, Corporate Entrepreneurs Agricultural Entrepreneurs 
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● On the Basis of Type of Using Technology: Technical Entrepreneurs, Non-technical Entrepreneurs 

and Professional Entrepreneurs 

As a general, it could be classified into 3 categories: 

● Entrepreneur: a dynamic individual who establishes its own business to create a new business for 

creating economic value through growth by seeing a new opportunity and taking the potential risks. 

● Intrapreneur: a person who plays an entrepreneurial role in an existing organization. An 

intrapreneur is the employee who is an inside entrepreneur within an existing company. 

● Social-Entrepreneur: an entrepreneur who creates social value by focusing the social problem being 

addressed most effectively and mobilize the resources needed to address that problem.  

There is no universally accepted qualities and characteristics defined for an entrepreneur. The following 

characteristics of an entrepreneur can be listed as the following: 

Innovator  

Risk Taker 

Motivator 

Planner 

Creative Problem Solver  

Making Things Happen 

Flexible and Able to Adapt 

Foresighted  

Utilizing the opportunities 

Ambitious 

Team Player  

Result-oriented 

Able to take calculated risk 

Hardworking  

Dynamic leader  

Versatile  

Visionary 

Responsive to criticism  

Inquisitive  

Considering the hats owned by the entrepreneur, general functions of an entrepreneur can be listed as 

follows: 

Development Plan Management 

Developing new 

products/services  

Developing new market channels 

and customers 

Developing potential 

opportunities 

Developing possible competitive 

advantages 

Developing a strong and effective 

business plan 

Developing growth strategies 

Planning organizational vision 

and mission  

Planning alternative financial 

options 

Planning potential human, 

equipment, etc. resources  

Managing operational and 

administrative activities 

Managing financial issues/funds 

Managing production/service 

portfolio 

Managing team relationships  

Managing relationship of investors 

and customers 

Managing conflicts 

Managing potential risks 
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Entrepreneurs play a significant role in economic development of each country. Entrepreneurs are located 

as dynamic forces in the economies by creating employment opportunities, fostering the other segments 

of the economies, and developing technologies and innovation and establishing growth capacity. The 

contribution of the entrepreneurs in the economic development in brief: 

● Creating of employment opportunities  

● Developing activities that generate income that is taxable by the government   

● Creation of an environment for people to reach new knowledge, educate themselves by using new 

technologies and gain experience in many areas of life   

● Decentralizing economic activities by reaching different parts of the country.  

● Supporting to conserve and utilize local resources by actualizing related activities.   

● Gaining foreign exchange earnings  

● Reinventing Entrepreneurial Venture 

There are many barriers and problems which cause entrepreneurs to fail. Some entrepreneurs unwittingly 

start their entrepreneurial journey with a lack of foundation. This makes the failure inevitable in a short 

time. The main reasons for failure of entrepreneurs are: 

● Business Barriers: Lack of necessary knowledge (competitors, market knowledge, market demand, 

etc.), lack of networks, strong business relationship, customers and/or suppliers 

● Financial Barriers: Lack of financial knowledge (access to finance, alternative financial sources, etc.); 

limited productive resources; lack of financial support 

● Human Capital Barriers: Lack of work skills; delegation; soft skills; motivation; confidence 

● Managerial Barriers: Lack of vision and planning; lack of necessary knowledge (planning, 

accounting, administrative, financial, legal, etc.); lack of social insurance policy, administrative 

boundaries; lack of crisis management.  

 

C. The Role of IPR in Entrepreneurial Ecosystem  

Intellectual Property Rights (IPR) and IP Management 

“Knowledge” is power not only in today’s technology-led economy, but also in every period of the economy. 

But power can be had when used at the right time, place, and way to generate favourable. Knowledge is 

the building block to develop innovation and help institutions develop opportunities to outperform and 

differentiate from the competitors and create lasting value in the market. 

As mentioned at the previous lesson; “Intellectual Property (IP)”, which is an output of intellectual capability 

and labour, is another class of property and it is based on the activities of human intellect by using 

knowledge. IP provides to protection of the creations of the human mind and giving them property rights 

over their creations, such as producing, using, selling, reproducing, advertising, etc. In addition to protecting 

intellectual outputs, IPRs also assists to set boundaries in the development process of new product/services 
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about what is considered as "new", "original" or "unique" and not infringing on products/services 

developed by others.  

"Property" has a very broad meaning, which includes not only tangible elements with a certain value in 

financial terms, but also intangible rights that are regarded as a source or element of income or wealth. 

Tangible property which relates to any forms of property that is be touched and moved, includes items such 

as furniture, transports, clothes, goods, etc. Intangible property which relates to personal property that is 

not moved and touched, includes something such as negotiable instruments, knowledge, securities, etc. 

Intangible rights have been protected and granted in the scope of the Intellectual Property Law and thus, 

Intellectual Property Law protects and guarantees the intangible rights which provides exclusive rights to 

the owners over their intangible assets like books, discoveries, inventions, musical, designs, etc. Thus, 

effectiveness of intellectual property management is so important in the generation of innovations.  

Considering that IP is an intangible asset, IP management is one of the most helpful and essential process 

for all organizations from entrepreneurs to large companies not only to protect and/or increase the value 

of the organization, but also to create competitive advantage over competitors and attract investment 

opportunities. IP management concerns about the type of IP that maximize the strategies of the 

institutions. According to the nature of the technology involved and the necessaries of the organizations; 

patents cannot be the most preferable protection type all the time. For example, while patent provides a 

legal monopoly right to the owners, on the other hand this legal protection is resulted in disclose these 

assets (as patent application requires to do) in full and publicly known. However, entrepreneurs may prefer 

not to reveal their knowledge (in the case of patent application) to the society. In this case, alternative 

protection ways should be chosen given the nature of the technology involved for managed of the assets 

effectively. Each IP type is unique and all of them provide protection and advantages in different cases. For 

this reason, IP management should be suited for customized strategy. Setting up a right IP protection model 

includes selecting the right types of IP according to the necessaries of the entrepreneur and the nature of 

the technology involved.  

Setting up a right IP protection model includes selecting the right types of IP according to the necessaries 

of the entrepreneur and the nature of the technology involved. Development of a strategic IP management 

by building an IP portfolio plays a critical role for entrepreneurs and the effects could be summarized as 

follows;  

● having wield a legal monopoly  

● barricading for putting out of competitors in the market 

● allowing owners to control target sectors by establishing an exclusive market (market power) 

● excluding competitors 

● adding value through new products and services associated with related technologies 

● preventing competitors from developing parallel technologies.  
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● preventing people who aims to duplicate the products/services without IP owner consent. 

However, in this study, we will focus especially on patents. 

Entrepreneurs and IP Management 

Knowledge is the main resource for innovation to develop new products/services in order to solve the 

existing and/or potential problems of the society. As innovation is a process which bridges among society’s' 

expectations, existing and/or potential problems and innovators. 

As mentioned before; entrepreneurs do not only create solution for the existing problems but also they 

predict future problems/needs/expectations of the market/society and aim to develop favorable future 

outcomes in the present. A successful entrepreneur can be defined as an entrepreneur who foresees the 

potential need of the market and/or create a market with the new product/service developed; calculates 

the potential risk; develops operational activities and structure; carries out the whole activities of the 

business by playing as a good team player with his partners/colleagues/stakeholders. 

Entrepreneurs who have limited financial resources, generally prefer to devote their scarce resources to 

other activities like development of product/services, human resources, etc. instead of IPR. They generally 

miss out the importance and effect of IP assets to entrance in the market, monetize their ideas and take a 

share from the market with more value. 

IP aims to support entrepreneurs by providing legal monopoly protection as rewarding their efforts and 

contributions to the society. When the function of IP is thought, it could be critical especially for 

entrepreneurs and small businesses to protect their any unique products/services. 

As mentioned in the previous sections, there are different types of IP, and while developing an IP 

management strategy, the right types of IP according to the necessaries of the entrepreneur and the nature 

of the technology involved should be selected. While structuring the IP management strategy, it is expected 

to be awareness of IP rules, have knowledge about IP law (legal system) and evaluate plus and minuses of 

IP protection. 

Entrepreneurs utilize IP to structure their commercialization strategies not only including entering to the 

target market but also licensing and/or selling (patent sale) their intellectual assets. While defining their 

strategies, they should apply different types of IP to reach the optimal combination of portfolio. For 

example, according to the nature of the developed technology and the costs for protection; entrepreneur 

could prefer to apply patent for protection or protect the know-how about the technology as a trade secret 

by taking into consideration the possible problems about the trade secret protection.  

Sum up, some entrepreneurs prefer to protect apply patent their know-how through a patent application 

while some of them prefer to keep the information as a trade secret to avoid patent costs and/or lack of 

information about the patent.   

The answer of "in which cases the patent or trade secret protection will be preferred" can be explained with 

a few items: 



 

328 
 

● according to the cost -balance (patent application cost-commercialization income) . 

● according to the nature of the technology (know-how based or technology based). 

● according to the strategies of market positioning, commercialization and/or investment. 

Trade secret is generally preferred to protect know-how. Because it is harder to reach the know-how, so 

imitation could be difficult. However, due to the lack of a strong legal protection; taking the necessary 

additional precautions belong to the entrepreneur such as not sharing with 3rd parties; preventing the 

disseminating, etc.  

By contrast, if know-how embed in certain intellectual assets can be easily dissected and/or detected. This 

also causes to be imitated and to be commercialized. Patent could be preferred for effective control of 

these kinds of assets 

Sum up briefly, each IP type has different role and create different opportunities to the entrepreneurs to 

protect themselves and their know-how. It is believed that it is necessary to apply IP protection in order to 

benefit from the laws in cases of imitation, infringement, etc., and also to determine the commercial value 

of the IP assets effectively. 

There are always some risks for patent protection. As known, after patent application, the application form 

which includes the technical details of the technology is published. If the related technology is suitable for 

reverse engineering and/or copied out easily; the owner faces to the patent infringement risks. This 

situation causes high litigation costs and lengthy court processes. When patent application costs and other 

potential costs depends on the potential risks are taken together, entrepreneurs are doubtful about 

preferring patent protection. 

There is not any standard IP model for all entrepreneurs. While developing the most appropriate IP 

management strategy for entrepreneur, all factors which affect the strategies like the advantages of the 

patent, the rights arising from the law, the state of the technology applied for patent protection, and the 

commercialization strategy of the entrepreneur should be evaluated together. 

 

3 - CONCLUSION 

Patents and other forms of intellectual property (IP) can provide numerous benefits to institutions, 

particularly entrepreneurs, in order to gain a competitive advantage in the target market. Each type of IP 

serves a different purpose and provides different opportunities for entrepreneurs to protect themselves 

and their know-how, such as in cases of imitation, infringement, and so on. 

 

Particularly when applying for patent protection, entrepreneurs should consider all of the factors that 

influence their strategies, such as the benefits of the patent, legal rights, the state of the technology used 

for patent protection, and the entrepreneur's commercialization strategy. 
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HOUR 3: IP & Technology Commercialization Instruments 
 

AUTHOR INFORMATION 

 

Author(s): Seda Damla Yucel   

E-mail: seda.yucel@tedu.edu.tr    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● have an understanding of different forms of corporations in entrepreneurial ecosystem.   

● conceive the commercialization instruments of IPR.  

● gain knowledge of different valuation methods of IPR.  

 

Learning Outcomes  

At the end of the lesson, learners will be able to:  

● compare different types of new businesses.  

mailto:seda.yucel@tedu.edu.tr
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● evaluate the alternative commercialization models of IPR. 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however learners are advised to read; 

● The teaching notes which are available on the project website. 

● Supplementary materials given in the next section.  

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Ignacio De Leon, Jose Fernandez Donoso (2017); Innovation, Startups and Intellectual Property 

Management 

● Gerald B. Halt Jr., John C. Donch, Jr., Amber R. Stiles, Robert Fesnak (2014); Intellectual Property in 

Consumer Electronics, Software and Technology Startups 

● The European IPR Helpdesk; Your Guide to IP Commercialisation 

● The European IPR Helpdesk; Your Guide to IP and Contracts 

● World Intellectual Property Organization, Module 11: IP Valuation 

● International Chamber of Commerce (ICC); Handbook on Valuation of Intellectual Property Assets  

 

LECTURE NOTES 

 

1 – INTRODUCTION 

This module is based on commercialization instruments of intellectual property rights. During this module, 

learners will have the opportunity to evaluate different instruments which are used for commercialization 

of IPR by entrepreneurs to earn through existing IP assets. This module will provide a wide perspective and 

knowledge for the learners about different commercialization strategies.  

 

IP & TECHNOLOGY COMMERCIALIZATION INSTRUMENTS 

D. Definitions 

Licensee: A licensee is a person or entity that has been granted permission to use, produce, and/or sell the 

intellectual output of the licensor. 

Licensor: A licensor is the person or entity that owns the intellectual property and give permission to the 

third parties in order to use, produce and/or sell the intellectual output. 
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Exclusive License: An exclusive license gives licensee authorization to use the IP by the licensor. The licensor 

cannot license it to another third parties or use. In other words, an exclusive license prevents anyone else, 

including the licensor, from using the IP. 

Non-Exclusive License: A non-exclusive license indicates that, in addition to the licensee, other parties may 

be given the rights that the licensor has granted to the licensee. This means that a non-exclusive license 

allows the licensor to license the same rights to more than one party rather than limiting the licensor's 

ability to use or license the licensed IP rights to third parties at the same time. 

 

E. The Main Definitions of Start-ups, Spin-Off and Spin-Outs 

There are many various classification categories for new companies but in general; they could be classified 

into 3 categories: 

Start-ups: As mentioned before; different definitions for “entrepreneur” have been developed by different 

people until today. we can define an “entrepreneur” as a dynamic individual who establishes their own 

business to create a new business for creating economic value through growth by seeing a new opportunity 

and taking the potential risks. An enterprise established by the entrepreneur can be defined as a “start-up” 

which aims to develop a currently unavailable solution as a product/services to;  

● solve an existing problem of the society and/or the potential need of the market and/or  

● create a newer outlook in the market. 

● provide social benefit, technological development, cost advantage, user friendly functionality. 

Spin-out: It can be defined as a start-up which is separated from an existing corporation and does not have 

a direct link with existing corporation to pursue their own commercial activities and generate income. While 

the existing company can act as an anchor to support and/or invest in the spin-out, sometimes, spin-outs 

can be a competitor to the existing company. 

Spin-off: It can be defined as a start-up which develops products or services by utilizing technology-based 

ideas or scientific technical know-how generated in a university setting by a member of faculty, staff or 

student founded33. 

As known, universities play a key role not only in development of education and research activities, but also 

in transferring knowledge and technology into society to contribute regional innovation ecosystems by 

supporting students and academicians as an entrepreneur. They have very important potential through 

their existing laboratories, technical infrastructure, academic knowledge, and experience to educate 

qualified human resources and develop new technologies. In recent years, universities design innovative 

curricula to support entrepreneurship and present in practice-based content as well as theoretical content. 

                                                           
33 Teresa Hogan, Quan Zhou, (2010- Sy.4); Defining University Spin-Offs  
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In this way, thanks to the curriculum and even extra-curriculum programs developed at the university, both 

students, academicians and administrative staff are mentored while developing a business idea, maturing 

the idea, designing products and/or services, developing commercialization models, etc. These programs in 

the process of transforming the presented theoretical knowledge into practice, present opportunities to 

the target groups to implement their goals, reorganize their expectations and find channels for transferring 

of developed knowledge and technology onto the market by allowing them to minimize the potential risks 

of failure.  

F. Commercialization Instruments for IPR  

Each start-up should develop its own IP management strategy according to the life-cycle of technology, the 

position of technology in the market, the needs and expectations of society, and competitors’ portfolio in 

the market. While they are developing their own IP management strategy; they could position their IP 

assets in 4 main steps: 

a) determination of the IP type to protect anchor knowledge/product/service of the company. 

b) selection of defensive patents to protect this core technology34.  

c) development of commercialization instruments for the existing IPs which have no direct 

relationship with the core technology to generate alternative income.      

d) Identification of IP assets for technologies that will prevent competitors from gaining an advantage 

over the company in the market. 

On the other hand, entrepreneurs may not always establish their start-ups/spin-out by transforming their 

ideas into products or services. At this point, they could achieve especially early-stage technologies 

developed by other institutions and organizations such as universities with different commercialization 

methods and turn them into products or services. 

IP management strategy is so critical for all types of companies not only to protect and develop their 

product/service portfolio in the market but also to maintain a competitive advantage in the market. As 

mentioned before; each IP types is different according to subject matter, duration, protection such as 

patents prohibiting others to use and/or generate the products/services developed by you without 

permission. While trademarks protect the name, logos, etc. of start-ups, copyrights provide a protection of 

the start-ups' ideas such as drawings, websites, marketing materials, software, etc. If at the critical 

situations, trade secrets could be handled appropriately, it could be used to protect confidential ‘know-

how’ such as customer lists, formulas, strategic plans, etc. 

Monetization of IP means that generation of income through implementation of different methods by 

benefiting from IP assets. The main methods of monetizing IP can be categorized as follows: 

                                                           
34 Teresa Hogan, Quan Zhou, (2010- Sy.4); Defining University Spin-Offs 
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● Developing and selling products/services protected by related IP: Generating income from selling 

products/services that are protected/developed by IP. 

● Assigning (Selling) IP: Assignment of IP is selling IP assets to the third parties to develop, produce 

and sell as a product/services.   

● Licensing IP: One of the most preferred methods to earn money from IP assets. It provides 

permission to another party for the use of all or a part of IP assets in exchange for a fee within the 

limits determined in the scope of the contract. 

● Creating a separate legal entity (start-up/spin-out/spin-off): Creation of a start-up/spin-off/spin-

out to bring IP assets into the market by turning into product/services. 

● Litigation: Using legal actions against infringers as a source of income generation.  

In the scope of “Your Guide to IP Commercialization” prepared by the European IPR Helpdesk, IP 

commercialization is divided into 3 categorizations35. Within this lesson, we will focus on licensing IP as a 

commercialization method of IP. 

 

G. Licensing IP as a Commercialization Method 

As mentioned before, IPR provides the rights to the owner for making, using, selling, or offering for sale a 

patented product/services. An IP license is an agreement between the IP owner and third party which 

allows the third party to use IP in exchange for some consideration under the determined conditions. There 

are three primary types of licensing, each one conveys different rights to the third party as a licensee: 

                                                           
35 The European IPR Helpdesk; Your Guide to IP Commercialisation (2016, Sy.3)  
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● An exclusive license: Giving the licensee the exclusive right to use the IP rights and until the 

agreement ends it provides to prevent not only the IP owner but also other people to develop, 

produce and sell any product/services by using IPR. 

● A sole license: The difference between sole license and exclusive license is that the IP owner has 

the rights to use IP is reserved. 

● A non-exclusive license: This license provides IP owners to use IPR not only for developing, 

producing, and selling products/services by using IP but also licensing it to other third parties to 

use. 

A variety of factors exist to determine the value of IP assets such as market potential, life-cycle of 

technology, claims of IP, scope of protection, etc. for both the buyer (licensee) and seller (licensor).  

In general, the following terms are expected to be included in a traditional license agreement and these 

items can vary depending on the IP asset. 

● Identification of Rights: Identification of which IP will be licensed clearly.  

● The Scope of Grant: It should be dictated according to if there are restrictions such as any 

geographical or sectoral limitation, field of use, the degree of exclusivity of the grant (exclusive or 

non-exclusive rights), duration of usage, the right to sublicense and its conditions, etc. 

● Term & Termination: It should be specified the duration of the license, the circumstances on which 

the parties can terminate the agreement including rights and obligations of parties on termination 

or expiration of the agreement. 

● Maintenance & Improvements: The new rights conditions of parties should be addressed due to the 

future improvements on IP by actualizing research activities and/or developing know-how related 

to the licensed technology. 

● Payments: The amount, types (royalty, lump-sum, upfront fee, etc.) and terms of payment and 

consider if existing deductions should be defined clearly. 

● Warranties: Some contractual assurances for both parties should be stated such as there is not any 

infringement of IP, etc. 

● Infringement acts: The alternative approaches should be identified according to any possible 

infringement acts against the licensed IP. 

● Other Terms: If there will be special issues, it should de detailed such as obtaining regulatory 

approval, cross-licensing, etc.  

Considering different conditions, the existence of different valuation methods used to determine the value 

of IP is inevitable. The main aim of valuation is to estimate the future economic value of IP according to the 
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benefit period, market conditions, 

potential risks, etc. There are many 

valuations methods to be used for business 

and IP valuation. The main valuation 

methods of IP which will be focused on 

are36: 

a. Cost-Based Approach: In this 

approach, all costs expended for 

the development of IP asset are 

analyzed and valued. These costs 

consist of direct costs such as 

consumable expenditures, 

infrastructure costs, capital costs, 

labour costs, patent application 

costs, etc. which affects the IP 

asset directly. Also, in this 

approach, indirect costs such as 

investment opportunities loss, 

possible profit loss, and development of similar IP asset could be considered. It is important for this 

approach to consider the lifecycle period of IP asset to be valued. 

Table 1. Advantages and Disadvantages of Cost-Based Approach37,38 

Advantages  Disadvantages 

Cost-based approach is a useful method when: 

● Subject IP assets can be easily 

reproduced, for example, software.  

● The income stream or other economic 

benefits associated with the asset being 

valued cannot be reasonably and/or 

accurately quantified.  

● Cost-based approach does not account for 

wasted costs often vast amounts sums 

spent on pharmaceutical research projects 

result in no benefit.  

● It does not consider the unique and novel 

characteristics of IP. Therefore, it usually 

does not incorporate the expected 

                                                           
36 The Association of Southeast Asian Nations (ASEAN) Handbook on IP Commercialisation; Strategies for 

Managing IPRs and Maximising Value (2019, Sy. 15) 
37 World Intellectual Property Organization, Module 11: IP Valuation, Sy. 18 
38 https://www.epo.org/service-support/faq/searching-patents/valuation.html  

https://www.epo.org/service-support/faq/searching-patents/valuation.html
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● There is no economic activity to review, 

such as early-stage technology that is not 

yet producing revenue.  

● There is no direct cash flow being 

generated from use of the subject IP 

assets.  

● The IP forms part of a larger group of 

assets when other valuation methods are 

not appropriate;  

● Calculating a floor or minimum 

value/price for an IP asset, however, the 

floor so calculated may be inaccurate, 

due to the limitation of including non-

value adding assets.  

● Establishing a maximum price for buying 

an IP asset when many candidates for 

substitution are available. 

economic benefits or the income 

generating potential of the IP asset. 

● It does not take into account the factors of 

risk and uncertainty associated with 

realizing the economic benefits associated 

with the IP asset.  

● It does not directly incorporate the trend 

in benefits associated with the IP.  An IP 

asset that provides economic benefits 

with an increasing growth rate can be far 

more valuable that which displays a 

downward trend.  

● The duration over which the economic 

benefits will be enjoyed is yet another 

element not considered in this method, as 

the Remaining Economic or Useful Life 

(RUL) of the IP is a vital component in 

valuation 

● It may not provide an indication of the 

"highest price obtainable" in the open 

market, in the context of the "fair market 

value" standard.  

● This is because potential purchasers, may 

be willing to pay a premium over the cost 

they would incur in attempting to 

replicate the property, to become the 

proprietor of a novel product in a timely 

basis. 

● No direct correlation between cost of 

development and the future revenue of 

patents. 

● Future revenue from patents is not 

considered. 
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b. Income-Based Approach: The income-based approach is based on assessment the ability of IP 

assets to generate an expected cash flow and future income adjusted to its present day value39,40. 

The expected economic income can be expressed in terms of41:  

● Gross or net revenues;  

● Gross profit;  

● Net operating income;  

● Pre-tax income;  

● Net income (after tax); 

● Operating cash flow;  

● Net cash flow;  

● Cost savings. 

Table 2. Advantages and Disadvantages of Income-Based Approach42,43 

Advantages  Disadvantages 

● The Discounted cash flow (DCF) method is 

one of the method within this approach to 

use for IP assets whose         

o cash flows are currently positive, 

and       

o can be estimated with some 

reliability for future periods, and         

o where a proxy for risk that can be 

used to obtain discount rates is 

available. 

● It best captures the value of IP assets that 

generate relatively stable or predictable 

cash flows.  

● It forces you to think about the underlying 

characteristics of the firm and understand 

its business. If nothing else, it brings you 

● The DCF method does not explicitly 

account for the total riskiness of these cash 

flows but only for the systematic 

component of that risk in the form of 

market determined discount rate.  

● It assumes that the investment in the IP 

asset is irreversible, irrespective of the 

circumstances in the future. In brief, the 

DCF method does not accommodate the 

option like nature of certain corporate 

investments and ignores managerial 

flexibility.  

● It does not capture the unique 

independent risks associated with an IP 

asset such as patent. All risks are lumped 

together and are assumed to be 

                                                           
39 International Chamber of Commerce (ICC); Handbook on Valuation of Intellectual Property Assets; 2019, Sy.18 
40 World Intellectual Property Organization, Module 11: IP Valuation, Sy. 22 
41 International Chamber of Commerce (ICC); Handbook on Valuation of Intellectual Property Assets; 2019, Sy.18 
42 https://www.epo.org/service-support/faq/searching-patents/valuation.html  
43 World Intellectual Property Organization, Module 11: IP Valuation, Sy. 24 

https://www.epo.org/service-support/faq/searching-patents/valuation.html
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face-to-face with the assumptions you are 

making when you pay a given price for an 

asset 

appropriately adjusted for in the discount 

rate and the probability of success, rather 

than being broken out and dealt with 

individually (i.e., such as legal risk, 

technological risk, infringement, etc.)  

● It fails to consider dependencies on 

patents owned by others. 

● It can be an uncertain method and subject 

to subjective assumptions 

● Both uncertain and distant cash flows and 

the discount rate have to be estimated. 

 

c. Market-Based Approach: This approach is based on the analysis and comparison of a similar 

commercialized IP. The following subjects should be existing to use this approach44: 

● An active market (price information, arm’s length)   

● An exchange of an identical IP asset, or a group of comparable or similar IP assets 

● If the IP assets are not perfectly comparable, variables to control for the differences 

Table 3. Advantages and Disadvantages of Market-Based Approach45,46 

Advantages  Disadvantages 

● Simplicity 

● Use of market-based information 

● Can be very useful if exact comparables 

are available (e.g., license agreements 

related to the same technology)   

● Often used to establish “ballpark” values, 

especially for royalty rates 

● Favored by tax authorities for deals with 

affiliates 

● Best for deriving inputs for the income 

method 

● By definition, an IP asset is unique. It is not 

possible to find a likeness or even a similar 

or comparable IP asset. Even if that were 

possible, it is generally not possible to have 

readily available information, which could 

be used for valuing the subject IP asset.  

● Market method ends up comparing the 

general information available in the  

Due to the depth of the required information to 

ensure comparability, often the only good 

transactional data is from a transaction where 

there is complete access to the legal agreement. 

                                                           
44 World Intellectual Property Organization, Module 11: IP Valuation, Sy. 19 
45 World Intellectual Property Organization, Module 11: IP Valuation, Sy. 21 
46 https://www.epo.org/service-support/faq/searching-patents/valuation.html  

https://www.epo.org/service-support/faq/searching-patents/valuation.html
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Generally, however, such IP transactional data 

is highly confidential. 

market; it is unable to consider specific factors 

leading to a specific transaction.  

● The time factor may affect the usefulness 

of historical databases.  

● It is a difficult method to use for comparing 

deals with multiple forms of compensation 

(e.g., equity, milestone payments, and 

running royalties).  

● Relevant pricing information is not usually 

public 

● Outside influences that affect royalty rates 

of IP assets, (e.g., fame, when celebrities 

use their images/names as trademarks), 

cannot be considered. 

Selection of the most suitable valuation approach is difficult. However, the most appropriate approach 

could be determined by considering the following factors: 

● The type of IPR 

● Technology Readiness Level (TRL) of IPR 

● IP development duration 

● Target market knowledge 

● Existing technologies/products/services in the target market 

● Possible risks for IPR and target market 

● The development of competitors’ IPR portfolio 

● Legal issues 

 

3 - CONCLUSION 

Each IP type differs in terms of subject matter, duration, and protection. This IP portfolio management 

strategy, which includes various types of intellectual property, is critical for all types of businesses not only 

to protect and develop their product/service portfolio in the market, but also to maintain a competitive 

advantage in the market. As a result, each start-up should develop its own IP management strategy based 

on the life cycle of technology, the market position of technology, societal needs and expectations, and 

competitors' portfolio in the market. 
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IP can be monetized by using various strategies to generate cash while taking advantage of its assets. 

There are many ways to make money off of intellectual property. 

 

Finding the value of IP using the appropriate methodology is just as crucial as monetizing IP in the correct 

way. Different valuation techniques used to estimate the value of IP are unavoidable given various 

circumstances. Estimating the future economic value of IP considering factors like the benefit period, 

market conditions, potential dangers, etc. is the major goal of valuation. There are numerous approaches 

for valuing businesses and intellectual property. 
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HOUR 4: Patent Search Using Free Tools 
 

AUTHOR INFORMATION 

 

Author(s): Seda Damla Yucel   

E-mail: seda.yucel@tedu.edu.tr    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● gain knowledge of different free patent search tools   

 

Learning Outcomes  

At the end of the lesson, learners will be able to:  

● use different free tools to search patents.  

● compare different patent applications with their idea.  

https://www.epo.org/service-support/faq/searching-patents/valuation.html
mailto:seda.yucel@tedu.edu.tr
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● evaluate the alternative inventors/start-ups/SMEs/companies that are interested in green 

transportation, smart cities, etc.   

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however learners are advised to read; 

● The teaching notes which are available on the project website. 

● Supplementary materials given in the next section.  

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● European Patent Office https://worldwide.espacenet.com/?locale=en_EP  

● Google Patent https://patents.google.com/  

● WIPO - Search International and National Patent Collections  

https://patentscope.wipo.int/search/en/search.jsf  

 

LECTURE NOTES 

 

1 – INTRODUCTION 

This module is based on using free patent search tools to find certified patents and/or patent applications. 

During this module learners will have the opportunity to evaluate different tools which are used for patent 

searches by inventors before starting to develop their idea to avoid any infringement. This module will 

provide a wide perspective and knowledge for the learners, how they can develop a new idea by benefiting 

from the patent search tools.  

 

PATENT SEARCH USING FREE TOOLS 

The Main Free Tools for Patent Search  

As mentioned before, IPR provides the rights to the owner for making, using, selling, or offering for sale a 

patented product/service. So, if someone aims to develop an invention; which defines as a new product or 

process that solves a technical problem by WIPO47; not only it can reach a lot of technical information but 

also protect itself from any infringement by using patent application forms. There are many reasons for a 

patent search and the main reasons can be classified as: 

● Being inspired during the idea development stage,  

                                                           
47 WIPO; Learn From the Past, Create the Future: Inventions and Patents; 2007; Sy.5 

https://worldwide.espacenet.com/?locale=en_EP
https://patents.google.com/
https://patentscope.wipo.int/search/en/search.jsf
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● detecting whether the developed idea causes any infringement, 

● gain knowledge about what competitors are developing, 

● reaching alternative strategic partners. 

 

Patent application forms which are official documents, include a lot of scientific and technical information 

as well as images, practical details, etc. In this way, it not only takes the lead in the development of new 

ideas, but also ensures that the boundaries of the IP rights are drawn clearly and determines when, where 

and by whom an invention was invented. Each tool has different strengths, so, to reach the best results, it 

is advised to use at least two different search tools together, each of them has different work principles. 

I. European Patent Office:  

As the patent office for Europe, we support innovation, competitiveness and economic growth across 

Europe. 

● Legal foundations and member states 

● Our governance 

● Our principles and strategy 

● Our leadership and management 

● Our services and activities48 

 

Espacenet is accessible to beginners and experts 

and is updated daily. It contains data on more than 

130 million patent documents from around the 

world. Supporting information can help you 

understand whether a patent has been granted and 

if it is still in force. 

You can use Espacenet to: 

● search and find patent publications 

● machine-translate patent documents 

● track the progress of emerging technologies 

● find solutions to technical problems 

● see what your competitors are 

developing49 

                                                           
48 https://www.epo.org/about-us.html 
49 https://www.epo.org/searching-for-patents/technical/espacenet.html  

https://www.epo.org/searching-for-patents/technical/espacenet.html
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There are three search options on the page: Smart search, Advanced search and Classification search.  

  
Smart Research Advanced Research 

Classification Research 
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Search Result View: 

 

 

 

 

 

 

 

 

 

 

Patent Document View: 
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II. Google Patent 

Google Patents (https://patents.google.com/) is the global patent search engine which includes over 120 

million patent publications from 100+ patent offices around the world, as well as many more technical 

documents and books indexed in Google Scholar and Google Books, and documents from the Prior Art 

Archive50. Full-text documents from the following patent offices are currently indexed: 

● The United States 

● Europe 

● Japan 

● China 

● South Korea 

● WIPO 

● Russia 

● Germany 

● The United Kingdom 

● Canada 

● France 

● Spain 

● Belgium 

● Denmark 

● Finland 

● Luxembourg 

● The Netherlands 

● Austria 

● Australia 

● Brazil 

● Switzerland 

● Taiwan 

 

 

  

  

                                                           
50 https://support.google.com/faqs/answer/7049585?hl=en  

According to the usage of key words, the results will change. 

https://patents.google.com/
https://support.google.com/faqs/answer/7049585?hl=en
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Search Result View: 

 

Patent Document View: 
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III. WIPO - Search International and National Patent Collections 

As established, WIPO is the global forum for intellectual property (IP) services, policy, information, and 

cooperation. It is a self-funding agency of the United Nations, with 193 member states. Its mission is to lead 

the development of a balanced and effective international IP system that enables innovation and creativity 

for the benefit of all51. 

They provide; 

● a policy forum to shape balanced international IP rules for a changing world; 

● global services to protect IP across borders and to resolve disputes; 

● technical infrastructure to connect IP systems and share knowledge; 

● cooperation and capacity-building programs to enable all countries to use IP for economic, social 

and cultural development; 

● a world reference source for IP information52 

Search Result View: 

  

                                                           
51 https://www.wipo.int/about-wipo/en/  
52 https://www.wipo.int/about-wipo/en/ 

https://patentscope.wipo.int/search/en/search.jsf  

 

https://www.wipo.int/about-wipo/en/
https://www.wipo.int/about-wipo/en/
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Patent Document View: 

 

 

 

 

 

Other alternative free tools for patent search are; 

● Turkish Patent and Trademark Office - https://www.turkpatent.gov.tr/TURKPATENT/?lang=en  

● United States Patent and Trademark Office - https://patft.uspto.gov/  

● Lens - https://www.lens.org/  

 

3 – CONCLUSION 

Particularly in the patent application forms, a significant portion of the information created worldwide is 

incorporated. It is critical to use IP search tools to both inspire and prevent infringement during the 

development of new ideas. 

 

4 - REFERENCES 

● WIPO; Learn From the Past, Create the Future: Inventions and Patents; 2007 

● https://www.epo.org/about-us.html 

● https://www.epo.org/searching-for-patents/technical/espacenet.html 

● https://support.google.com/faqs/answer/7049585?hl=en 

● https://www.wipo.int/about-wipo/en/  

● https://www.wipo.int/about-wipo/en/ 

 

https://www.turkpatent.gov.tr/TURKPATENT/?lang=en
https://patft.uspto.gov/
https://www.lens.org/
https://www.epo.org/about-us.html
https://www.epo.org/searching-for-patents/technical/espacenet.html
https://support.google.com/faqs/answer/7049585?hl=en
https://www.wipo.int/about-wipo/en/
https://www.wipo.int/about-wipo/en/
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HOUR 5: Introduction to Canvas Models and Preparing a Business Canvas Model for 

New Ideas 
 

AUTHOR INFORMATION 

 

Author(s): Seda Damla Yucel   

E-mail: seda.yucel@tedu.edu.tr    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● gain knowledge of different Business Models forms. 

 

Learning Outcomes  

At the end of the lesson, learners will be able to:  

● compare a Business Canvas Model with a Lean Canvas Model.  

● prepare a Business Canvas Model for their new idea from the smart/green mobility domain. 

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however, learners are advised to read; 

● The teaching notes which are available on the project website. 

● Supplementary materials given in the next section.  

 

Reading Materials 

The teaching notes are available on the project website. In addition to teaching notes, the following reading 

materials are advised to gain knowledge about the concepts which will be introduced during the course.  

● Isaac Jeffries; Building A Strong Business Model; A guide for startups, social enterprises and 

boards who want to change the World 

 

 

 

 

 

 

 

mailto:seda.yucel@tedu.edu.tr
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LECTURE NOTES 

 

1 – INTRODUCTION 

This module is based on introducing Business Canvas Model and Lean Canvas Model. During this module, 

learners will have the opportunity to evaluate different types of business models what they are used for or 

the different purposes they serve. This module will provide a wide perspective and knowledge for the 

learners on how they can utilize from the business Canvas model to develop a new idea by providing a 

simple and effective tool. 

 

INTRODUCTION to CANVAS MODELS and PREPARING A BUSINESS CANVAS MODEL for NEW IDEAS 

A. What is Business Model? 

The business culture in the global market is changing not only with the expectations and needs of the 

customers/societies but also with technological developments. This leads to the emergence of customized 

business models according to the activities of each different structure, institutions such as entrepreneurs, 

companies, public institutions, NGOs, etc. 

There are existing many different definitions for "business" and "business models". Business can be defined 

as a corporation making money by engaging in financial, commercial, industrial, and/or professional 

activities (by producing or buying and selling products) to meet the needs/expectations of 

customers/societies. Up to now, many definitions have been developed for "business models". In the scope 

of "Business Model Innovation with Customer Value Co-Creation" master thesis prepared by Daniel 

Schaubmair, BSc; some definitions are categorized53. 

 

 

                                                           
53 Daniel Schaubmair; Business Model Innovation with Customer Value Co-Creation;2022, sy.25  
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A business model can be accepted as a plan which describes the instruments and strategies oriented in 

managing activities of the corporation to generate income. A business model canvas is a visualization tool 

that defines and clarifies different components to assess business ideas or concepts. The business model 

canvas, which was developed by Alexander Osterwalder in 2005 based on his earlier work on business 

model ontology, contains nine blocks such as, a firm's or product's value proposition, infrastructure, 

customers, finances, etc. that represent different elements of a business. Since it was released in 2008, 

many different canvases have been developed according to the specific niches for the different types of 

sectors and/or corporations. Some of them are listed below: 
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B. Different Types of Business Models 

i.  Business Model Canvas (by Alex Osterwalder):  

 

Customer Segments: Firstly, it could be more understandable to define customers, end users and 

beneficiaries. 

● A Customer is a person who makes the purchase decision and also bears the cost. 

● An End User is a person who gains benefits from the product/service 

● A Beneficiary is a person or group who is better off because of the product/service54 

 

Depending on the situation, sometimes all of these could be customers. So, the first step is to answer 

the question who are the customers and what is the target customer segment such as mass, niche, 

etc.? It means determining, who are the customers that the company is interested in. 

 

                                                           
54 Isaac Jeffries; Building A Strong Business Model; A guide for startups, social enterprises and boards who want to 

change the Worldsy. 10 
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The following questions should be answered in detail: 

● Who are the customers? 

● How old are they? 

● What are their jobs, responsibilities, etc.? 

● Where do they live (geographical location)? 

● How much is their income? 

● What are their expectations, needs, hopes, etc.? 

● Which ways/methods do they use/prefer to get their wants, needs, etc.? 

 

Value Proposition:  It is important to define the main reason for the existence of the company to leave a 

mark on the lives of customers. And also, the motivations of the company such as providing functionality, 

causing emotionality, etc. should be determined according to the customers’ profiles and expectations. 

 

Key Partners: Key partners are the external companies or suppliers, who are experts in that field and will 

support the company to carry out the non-key activities which could be outsourced and/or key activities. 

 

Key Activities: There will be many activities waiting to be completed for each company, however, the 

important thing is to determine which activity/task is a priority to fulfill the value proposition. In this block, 

a list of key activities/tasks should be prepared to reach target customers, maintain customer relationships, 

and generate revenue. Then, some activities, which could be easily substituted, should be outsourced to 

the selected Key Partners. 

 

Key Resources: What kind of key resources/assets will be required such as financial, human, infrastructure, 

etc. to actualize the key activities in order to accomplish the value proposition?  

 

Customer Relationships: It should be determined what types of relationships will be established with each 

customer segments and how the customers will interact with the company. 

 

Channels: Channels play a critical role to increase the awareness of the customers about the company 

profile, products/services, etc. Channels do not mean only ones directly from company to the customer. 

Channels are the bridge between the customers and company, to communicate with each other that let 

them reach out to each other. 

 

Cost Structure: It is necessary to identify all the factors affecting the cost and the values of these factors in 

creating value proposition. This will also provide an input to form a clever pricing strategy. 
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Revenue Streams: In the scope of this block, it should be clearly defined that how the company will 

generate money from the value proposition. It means; 

● identifying the triggers that push customers to buy the company's product/service, 

● a thorough understanding of price sensitivities, and 

● determining the factors that drive their preferences and mindset. 

This knowledge will form a clever pricing strategy for the product/service which makes customers 

happy to pay. 

ii.  Lean Canvas Model (by Ash Maurya) 

iii. Others 

As mentioned before, there are many different types of canvas models proposed according to different 

purposes. Some of them are as follows: 

● Value Proposition Canvas  

● Product Canvas  

● SWOT Canvas 

● Team Canvas 

● Social Business Model Canvas 

4 – REFERENCES 

 Daniel Schaubmair; Business Model Innovation with Customer Value Co-Creation;2022 

 Isaac Jeffries; Building a Strong Business Model; A guide for startups, social enterprises and 

boards who want to change the Worldsy 
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HOUR 6: Preparing a Simple Business Plan by Using the Prepared Canvas Model 
 

AUTHOR INFORMATION 

 

Author(s): Seda Damla Yucel  

E-mail: seda.yucel@tedu.edu.tr    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to: 

● analyze a prepared Business Plan to be informed about the business idea.  

 

Learning Outcomes  

At the end of the lesson, learners will be able to prepare a Business Plan by utilizing Business Canvas 

Model for their idea.   

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required; however, learners are advised to read the teaching notes which are available 

on the project website. 

 

Reading Materials 

The teaching notes are available on the project website.  

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:seda.yucel@tedu.edu.tr
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LECTURE NOTES 

 

1 – INTRODUCTION 

This module is based on Business Plan. During this module learners will have the opportunity to understand 

the structure and goal of the business plans and analyze a prepared Business Plan to be informed about the 

related business idea. This module will provide a wide perspective and knowledge for the learners, on how 

they can prepare a Business Plan before realizing the business idea by providing a simple and effective tool. 

 

PREPARING a SIMPLE BUSINESS PLAN by USING the PREPARED CANVAS MODEL 

C. What is Business Plan? 

As mentioned before, entrepreneurship provides an important input to economic development and plays 

a significant role in forming opportunities, as well as finding a better outcome of new start-ups.55 The 

contribution of entrepreneurship varies from economy to economy, country to country; depending on its 

outputs, industrial and technological capacities of countries, and the legal structure of the country for the 

growth of entrepreneurs. Generally, entrepreneurship is accepted as a key driver of global markets.  

The world population is growing day by day, but the existing resources like financial resources, job 

opportunities, natural resources, etc. are decreasing. While considering the financial resources point of 

view, creation of too many job alternatives is expected for global peace and prosperity very shortly. At this 

point, entrepreneurship plays a critical and significant role not only in national but also international 

economies around the world to create jobs and generate economic growth-the underpinning a stable and 

civil society. 

 

Starting up a new business needs the transfer of an idea into reality with a clear goal. Business plan gets 

involved at this point. A Business Plan is a written document which serves as a blueprint of the 

potential/existing idea for starting, running, and growing a business. This document comprises detailed and 

identified goals, business opportunities, financial mechanisms, resources, strategies, and policies, etc. to 

convert the potential opportunity into a realizable business project by summarizing the operational and 

financial objectives for the near future. A Business Plan provides some knowledge about the technical, 

economic and financial feasibility of the idea. 

Some entrepreneurs prefer to prepare the business canvas model instead of the business plan, whereas 

some of them choose to prepare a detailed business plan or a shorter version with/without business canvas 

model in the earlier and/or in the ongoing entrepreneurial process. 

                                                           
55 M. Yahya, A. Abdul Rahim N. H. Hussain; Entrepreneurial Ecosystem: An Exploration of the Entrepreneurship Model for SMEs in 

Sultanate of Oman 
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According to the traditional approach, it is accepted that creating a business plan which is a static document 

that exhibit the existing position and future potential of the idea and demonstrates the midterm forecast 

for financial issues such as income, profits, cash flow, etc., is an important step before realizing the business 

idea. While some people accept that the business plan is a guideline for entrepreneurs to keep them on 

track and focused; some are also saying that a business plan in the classic sense is history. This group 

believes that a rigid over many pages document only hinders entrepreneurs. 

The business plan can be recognized as a written guide designed by the imagination of the entrepreneur 

which defines the potential itineraries from one point to another point by delineating all the dynamics such 

as financial issues, customers, competitors, market size, risks, etc.  

 

The main functions of a business plan can be listed as the following: 

● providing a wide perspective from the outside to the inside by examining and analyzing the 

technical, economic, and financial feasibilities of the idea. 

● creating an opportunity to determine any weaknesses, at the same time help to address them 

before realizing the business idea  

● identifying not considered and planned opportunities, challenges, etc.  

● analyzing the advantages and disadvantages of the market including the competition, 

opportunities, risks, etc.   

● defining the potential stakeholders, partners, customers, target groups, other key factors, etc. and 

the alternative channels to reach them  

● drawing the framework of financial issues such as expenditures, costs, break-even point, etc. 

● pretending as a guideline for the management of resources such as human, financial, infrastructure, 

etc. 

 

 

There are some important keys to an effective Business Plan: 

● Keeping simple, short, and understandable by everybody 

● Avoiding misunderstanding because of using complex language  

● Focusing on what would like to detail about the business idea 

● Providing detail about the business idea such as which problem will be solved, how the idea will 

work, the strategy of market entrance, target groups, marketing channels, etc.  

● Ensuring that the projections of financial data are realistic, achievable, and robust. 

● Indicating that the business plan is flexible and adaptable in the face of any changes 
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There is the different structure of business plans although a business plan generally comprises the following 

topics: 

● Executive Summary 

● Company Description 

● Products/Services 

● Market Analysis 

● Operations and Management  

● Financial Analysis  

● Appendices 

 

Executive Summary: The executive summary, which is the first and one of the most critical parts of a 

business plan, should be an overview of the business plan by encapsulating and highlighting the mission of 

the entrepreneur/company, business idea, the target market, managerial issues such as finance, human 

resources, etc., and other key points like financial projections. It is advised that writing this part last will 

provide an effective summarization of understandable business ideas and the strategy. 

 

Company Description: While providing detail about the company, it should be said which sector it is fell 

into, the partnership structure of the company, the main aim, vision and perspective of the company, 

general info about the target customers, the size of target market and also mentioned that what the 

product/service is and the main impact of the company aimed to be generated. 

 

Products/Services: Explanation of product/services should be expressed to be put across clearly. It should 

be explained that which purpose the product/service serves, what makes the product/service different 

from the existing others available in the target market, and why target groups/customers choose you 

instead of your competitors. 

 

Market Analysis: In a depth market analysis, which also includes competitive analysis, is one of the key 

factors for entrepreneurs to define their especially growth prospects by determining potential customers, 

their needs/expectations, distribution channels, marketing and pricing strategies, position in face of 

competitors, etc. Researching the market in terms of size, demographics, structure, growth prospects, 

trends, and sales potential is so critical to the position of the product/service in the target market. 

 

Operations and Management: This part should involve a description of the management structure and 

functions of the company. The distribution of the operational responsibilities among the team members, 

http://library.austintexas.libguides.com/businessplans/writing/executivesummary
http://library.austintexas.libguides.com/businessplans/writing/market
http://library.austintexas.libguides.com/businessplans/writing/financial
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the tasks assigned to each team member within the company, and the structure of human resources should 

be detailed deeply. 

 

Financial Analysis: The income statement, cash flow statement, and balance sheet which should be 

prepared within the scope of this part are the cornerstones of the business plan.  

 

Appendices: Any other documents, which can be concerning with business ideas, should be appended such 

as contracts with suppliers, support letters, other legal documents, etc. 

 

3 – CONCLUSION 

A business plan is a crucial and strategic document addressed to the internal and external audiences of a 

company. A business plan can be used to: 

● attract investment  

● secure financial institution loans  

● maintain alignment of the core team of the company on key actions and on track for achieving set 

goals. 

Periodically, the business plan should be criticized and revised to reflect changed or achieved goals. 

In addition to helping entrepreneurs concentrate on the actions required for their business ideas to 

succeed, a strong business plan also enables them to meet both short- and long-term goals. 

 

4 – REFERENCES 

● M. Yahya, A. Abdul Rahim N. H. Hussain; Entrepreneurial Ecosystem: An Exploration of the 

Entrepreneurship Model for SMEs in Sultanate of Oman 
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HOURS 7 & 8: Providing Practical Guide about Project Management and Preparing a 

Simple Project Proposal for Developed Idea 
 

AUTHOR INFORMATION 

 

Author(s): Seda Damla YUCEL   

E-mail: seda.yucel@tedu.edu.tr    

 

Teaching Objectives 

This lesson will provide learners with the opportunity to analyze the project lifecycle. 

 

Learning Outcomes  

At the end of the lesson, learners will be able to create a simple Project proposal in written form which 

will be based on the new idea.   

 

Prerequisite Knowledge, Skills, Attitudes 

No prerequisite is required, however, learners are advised to read; 

● The teaching notes which are available on the project website. 

 

Reading Materials 

The teaching notes are available on the project website.  

 

LECTURE NOTES 

 

1 – INTRODUCTION 

This module is based on the lifecycle of Project Management and preparing a simple project proposal. 

During this module, learners will gain the main principle of the project development and management and 

also gain experience to prepare a project proposal which will be managed by the learners. This module will 

provide a range perspective and knowledge for the learners, how they can prepare especially a research-

based project proposal for applying to the funding programs. At the same time, this simple project proposal 

document will be an alternative supporting document for the learners to present their new business idea 

more clearly. 

 

mailto:seda.yucel@tedu.edu.tr
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PROVIDING PRACTICAL GUIDE ABOUT PROJECT MANAGEMENT and PREPARING a SIMPLE PROJECT 

PROPOSAL FOR DEVELOPED IDEA 

 

What is Project? 

A project is an activity that:  

● is unique   

● is temporary having a start and end date   

● brings about change   

● undertakes to achieve an objective including specific requirements 

● includes constraints of cost and resources 

● has unknown elements, which therefore creates risk.  

 

Which of the following is an example of a project? 

● Planning an organization   ✔ 

● Developing a technological product ✔ 

● Preparing a teaching program  ✔ 

● Building a structure   ✔ 

 

What is Project Proposal? 

A project proposal is a document which includes what you want to accomplish, an explanation of 

problem, solutions, risks, resources, and plans for achieving objectives.  

 

Some Definitions: 

● Deliverables: Tangible ‘things’ produced in the scope of project  

● Milestones: Significant date, stage, event or output by which major activities are performed 

● Tasks/Actions: Activities undertaken during the project to achieve the aim. 

● Risks: Potential problems that may arise during the Project. The potential risks should be 

predictted and also should be taken precautions to be prevented these risks at the beginning of 

the Project. And also it will be useful to prepare a risk management plan it means what are the 

potential risks and precautions, before initiaiting the project activities.   

● Target Groups: Any person or group of people who will be influenced by your project  

● Resources: Can be classified under humanpower, money, methods, material, machines and time.  

 

 

Preparing a Project Proposal 
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There are many different types of projects for example research projects, software projects, construction 

projects, social projects, and innovative projects. And also, all of these projects can be funded by different 

entities such as customers, national or international funding bodies, governmental bodies, equity 

instruments, etc.  

The structure of the proposal can vary depending on the type of the Project. In the scope of this hour, 

general information about how a proposal can be written, and a Project managed will be given. 

1. Step: Define the problem  

● Is it local, national or international? 

● Who is affected by this problem? 

 

2. Step: Present the solution (goals and objectives)  

● What is your solution?  

● Why do you purpose this?  

● What is the difference from existing solutions? 

 

3. Step: Define the deliverables and success criteria 

● What will be your result/output? 

● How can you measure your success? 

 

4. Step: State the plan or approach (activities and methodologies)  

● How will you achieve your aim? 

● Which steps will you actualize? 

● Which methods will you prefer? 

● What potential risks can you encounter? 

 

5. Step: Outline the project schedule  

● When will you start and finish your activities? 

● Which activities will be carried out? 

 

6. Step: Resources 

● How much money will you need? 

● Which resources will you reach? 

● Who will participate in the Project? 

7. Step: Edit/proofread your proposal 
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What is Project Management? 

Project Management can be defined as it is a process for;  

● planning,  

● organizing and  

● managing the effort to accomplish a successful project. 

 

A successful Project Manager, who is the main responsible for the management of the project, must 

simultaneously manage the basic elements of a project:  

1. Resources (financial, human power),  

2. Time,  

3. Quality  

4. Risk  

5. Scope 

 

During the project management, the following questions should be answered: 

● Will the project be reached in time? 

● Will the project be reached within the limits of the resources (financial, human power, 

equipment, etc.)? 

● Will the project have an expected quality level within the predefined scope?  

 

There are many different project management methodologies such as Agile Methodology, Scrum 

Methodology, Waterfall Methodology, etc. According to the project type, one of them should be selected. 

 

According to the traditional Project life cycle, there are 5 phases and these are; 1. Initiating, 2. Planning, 3. 

Executing, 4. Monitoring and Controlling, and  5. Closing. 

 

We can define all steps as; 

1. Initiation: Launching the project.  

2. Planning: Designing all of the activities, resources, etc. of the project.  

3. Execution: Actualizing the all tasks of the Project 

4. Managing and Controlling: Monitoring and checking all of the activities you do during the project.  

5. Closing: Completing and delivering the Project results  
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It is seen that that preparing a Project proposal includes the first two steps   of the Project management 

which are Initiating and Planning.  Hence, the phases of project management can be summarized as the 

following 

Initiating and Planning                Preparation of Project Proposal 

Executing   Actualizing the all tasks of the Project 

Monitoring and Controlling      Monitoring and checking all of the activities you do during the project 

Closing   Completing and delivering the Project results  

 

Funding Programmes: 

In the scope of national and international funding programs calls are published regularly or time to time. 

Call includes the objectives, schedule, indicative amount, expected results, and the essential criteria to be 

used to select the proposals. These calls can be thematic or general to the funding program. 

● Horizon Europe 

● Erasmus+ 

● EIT Urban Mobility 

● The EIC Accelerator  

● Marie Curie Individual Fellowships 

● National Funding Programs  

 

 

3 - CONCLUSION 

The realization of expected benefits and the accomplishment of business objectives are driven by the 

capacity to execute projects successfully, regardless of the nature, scope, and structure of the project. 

Considering the strategic impact of projects on intellectual outcomes, organizations need to implement 

effective project management procedures that take advantage of innovation, assess progress, value, and 

risks, and ensure that the right projects can be carried out in accordance with organizational strategy. 
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