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ABSTRACT:

The primary purpose of this thesis is to examine the innovative smart mobility, and second
life battery solutions, represented in the City of Vaasa’s Horizon 2020 IRIS Smart Cities Rep-
lication plan. The objective is to find certitude of the Lighthouse cities’ demonstration valid-
ity and feasibility concerning the City of Vaasa’s replication plan. Additionally, the aim is to
study the solutions’ potential to be implemented in Vaasa, and the benefit concerning the
city’s general plans to reach carbon neutrality by 2030. The secondary object is to examine
the solutions’ compatibility with the IRIS Lighthouse cities’ demonstrations and gathered ex-
periences, and with the recent plans and projects executed in Vaasa related to smart and
sustainable mobility solutions. This thesis was commissioned by the City of Vaasa.

European Union launched 2014 the Horizon 2020 program, aiming to encourage EU nations
and their cities to take steps to reach carbon neutrality via projects promoting Smart City
development. Horizon 2020’s aim is to battle climate change by encouraging cities to be-
come more sustainable. By promoting innovative, efficient, far-reaching and replicable solu-
tions, from the fields of smart energy production and consumption, traffic and mobility, in-
formation communication technology, and citizen engagement, the objective can be
achieved. IRIS Smart City project (Integrated and Replicable solutions for co-creation in

Sustainable cities) was launched in 2017. The project consists of three Lighthouse cities and
four follower cities. Vaasa has been part of the project since 2017 as a follower city. The IRIS
project’s solutions are first to be studied and demonstrated by the Lighthouse cities and then
to be replicated by the follower cities. A replication plan is required to examine and present
the feasibility and validity of the integrated solutions, to secure their implementation pro-
cess.

The results of this thesis indicate that the innovative smart mobility solutions, including V2G
and 2nd |ife battery schemes presented in the City of Vaasa’s replication plan, are relevant to
the City of Vaasa, by being compatible with the city’s climate and decarbonization goals and
related sustainable mobility plans and projects executed in Vaasa in the past few years.
These solutions play significant role in the Lighthouse cities’ demonstrations, thus showing
great potential for utilization in the City of Vaasa’s infrastructure, mobility and smart grid
development plans. The solutions can advance Mobility as a Service concept, electric vehicle
utilization development, and aid in decarbonization, enhancing energy efficiency, creating
new businesses and services, and improving the attractiveness of the city.

Keywords: Horizon 2020, IRIS, Smart City, Innovative mobility solutions, sustainability
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Introduction

Climate change, global warming, rising emission levels, and increased energy consump-
tion have led nations across the world to initiate decisive measures to restrain, control
and turn the negative development concerning the climate, environment and ultimate-
ly the future of our planet. During the past three decades, several international climate
agreements have been ratified to stop the global warming, and decrease the carbon
dioxide (CO3) levels produced mainly by energy production and consumption, traffic
and agriculture. As governments have set goals for the next decades to reduce emis-
sions, and strive to better energy efficiency, they are also facing considerable chal-
lenges. Large cities are expanding in size and inhabitants, due to the Earth’s growing
population and the trend of urbanization. Thus, pollution levels and emissions from
energy production and consumption are increasing. Additionally, the urban traffic and
the emissions caused by it are increasing. Cities are one of the key factors in the fight
against climate change. Mitigating measures performed in the cities concerning energy
production, consumption, traffic, and related emission, have a direct impact on the fu-

ture of our planet.

European Union (EU) launched 2014, the Horizon 2020 program, aiming to encourage
the EU nations and their cities to take action to reach carbon neutrality through pro-
jects striving to Smart City development. Over the next 7 years, 17 different Smart City
project received funding and were launched. Each project was led by 2-3 Lighthouse
cities (LH) from various EU countries, which were joined by 4-6 follower cities (FC).
Every Horizon 2020 Smart City program’s project share similar goals, although their
solutions to achieve them may differ. The main objective of each project is to battle
climate change by innovative, efficient, far-reaching and replicable solutions, from the
fields of smart energy production and consumption, traffic and mobility, information
communication technology (ICT), and citizen engagement. Horizon 2020 funded IRIS
Smart City project (Integrated and Replicable solutions for co-creation in Sustainable
cities) was launched in 2017. The Lighthouse cities in the five-year project are Utrecht

(Netherlands), Gothenburg (Sweden) and Nice Cote d’Azur (France). The follower cities
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are Alexandroupolis (Creek), Santa Cruz de Tenerife (Spain), Focsani (Romania) and

Vaasa (Finland).

The City of Vaasa’s climate objective is to reach carbon neutrality by 2030. In order to
achieve this goal, the city has taken several measures during the past decade. It has
been involved with the EU’s The Covenant of Mayors climate program since 2016. In
addition, several projects and reports have been carried out concerning sustainable
mobility and urban development, smart grid advancement, and citizen engagement.
Furthermore, the City of Vaasa’s infrastructure and traffic planning, construction and
mobility design and activity, and energy consumption and production, are implement-

ed in a sustainable manner, thus promoting decarbonization.

The City of Vaasa was accepted to the IRIS Smart City project in 2017. IRIS is construct-
ed from five different Transition Tracks (T.T.), all including variety of integrated solutions
(IS), measures by which the objectives set by the Horizon 2020 program can be
achieved. IRIS consists of 16 solutions. First, they are to be researched and demon-
strated by the Lighthouse cities, and afterwards replicated by the follower cities. How-
ever, in order to reach actual replication and implementation of the solutions, a thor-
ough replication plan must be developed. In the starting stage of the IRIS project, the
City of Vaasa expressed its interest in replicating all 16 of the replication plan’s inte-
grated solutions. However, some of the solutions have proven to be more feasible for
the City of Vaasa to be replicated than others. Additionally, concerning some of these
solutions, considerable measures have already been taken, e.g. in the development of
the city’s heat network, energy production, smart grid solutions, and various construc-

tion projects.

The IRIS projects’ Transition Track #2 and #3 consist of solutions concerning innovative
mobility services for the citizens, vehicle-to-grid (V2G) technology, and utilizing second
life (2nd life) batteries in large-scale storage schemes. These solutions are also of inter-
est to the City of Vaasa. Smart e-mobility schemes and the development of Mobility as
a Service (MaaS) concept present high potential for replication and final implementa-

tion. V2G solutions and utilizing 2nd life batteries have also potential and significance,
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however, more in the future perspective. Yet, the replication plan examines them as

well.

Currently, traffic represents approximately 30% of Vaasa’s CO; emissions. This share is
estimated to increase in the future. The IRIS project’s measures targeted at innovative
mobility solutions, and the Lighthouse cities’ mobility, V2G and 2nd life battery solu-
tions have to comply with the City of Vaasa’s general decarbonization plans, and the
designed infrastructure and traffic projects, in order to have significance and validity
for the replication plan. In addition, the replication plan needs not only to find support
and example from the Lighthouse cities’ demonstrations and experiences. Additionally,
it needs to find cohesion with the other mobility related plans and projects done in
Vaasa in recent years. The findings and collective voice of these projects, and informa-
tion about the importance of sustainable e-mobility, faster adoption of electric vehi-
cles, and development charging infrastructure and mobility services, can aid the City of

Vaasa’s decision-making processes and carbon free development.
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1. Horizon 2020

The 2008 financial crisis, and the necessity to cope with its impacts on the European
economy, initiated several incentive programs and projects in the European Union. The
most significant challenges were to find measures to stabilize the financial and eco-
nomic system in short-term, as well as to protect and create new economic growth and
opportunities for the future. The EU’s economy, and competitiveness in global scale,
needed thorough structural reformation and fiscal consolidation. Thus, research and
innovation became top priorities in the new Europe 2020 strategy, receiving significant
funding and investments. Based on the strategy, the European Union would strive to
generate substantial amount of new smart technological and scientific breakthroughs,
hence creating new business opportunities and jobs via innovative products and ser-
vices. Fighting climate change and adapting to its impacts, reducing emission levels,
reforming energy production and efficiency, and advancing sustainable and compre-
hensive economic growth, became the basis of the Europe 2020 strategy (European

Commission, 2011 & 2017).

The EU ushers its member states to turn away from non-renewable, fossil-fuel based
energy production, to sustainable and renewable energy, e.g. wind, solar, hydro, wave,
geothermal energy and waste incinerated heat. The endeavors to achieve carbon neut-
ral societies require various assertive actions, including developing cities to become
more environmentally friendly, i.e. smart. Smart cities utilize innovatively both central-
ized and decentralized energy production with strong renewable energy sources (RES)
involvement, and emphasizing energy efficiency and sustainability. Smart cities exploit
smart grid and micro grid concepts, electrified transport, i.e. e-mobility, and robust in-
formation communication technology, to reduce their carbon footprint. Furthermore,
new technologies and innovations provide tools for more efficient and encompassing
energy services for these cities’ citizens and businesses. In 2011, the EU’s Head of State
and Government, urged the European Commission to combine all of the existing EU’s
funding for research and innovation under one joint strategic framework. The extensive
cooperation and consultation between the European Parliament and multiple key

stakeholders lead to the design of the Horizon 2020 program, which was eventually
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launched in 2014 (European Commission, 2011 & 2016; Garrido-Marijuan et al., 2017;
The IRIS Smart Cities Consortium, 2019).

The EU is committed to an ambitious decarbonization of its economy and environment.
Diminishing harmful emissions, while constantly adapting to the growing climate and
environmental pressure and urbanization, are vitally important measures in achieving
this objective. Once initiated, the Horizon 2020 program became the Europe 2020
strategy’s flagship initiative. The Horizon 2020 is the biggest research and innovation
program in the history of the EU, being the main instrument and framework to enable
the implementation of the EU’s research and innovation undertaking. The program’s
architecture was deliberately designed to be simple, in order to avoid unnecessary bu-
reaucracy, and to facilitate most effectively the access and launch of the participating
projects. The Horizon 2020 incites market driven innovations and research projects,

thus aiming at direct economic incentives (European Commission, 2011, 2017 & 2020).

By combining all existing EU research and innovation funding, the Horizon 2020’s ac-
cumulated available funding when launched was €77 billion. This amount was to be
addressed to various EU smart city projects to be initiated over the next seven years,
2014-2020, each to have a duration of five years. Thus, although the Horizon 2020
came to its end in 2020, its funded projects carry on their smart city development and
the Horizon 2020’s legacy to the next decade and beyond. It is also the highest aspira-
tion of Horizon 2020, that each of its funded smart city project and each city involved,
continue their work to evolve towards ever smarter and more sustainable city envi-
ronments in the future, and to inspire other cities to follow their example of sustain-

ability and low-carbon development (European Commission, 2011, 2017 & 2020).

The Horizon 2020’s foundation and main objective is to promote sustainable develop-
ment, which received nearly 60% of the program’s preliminary budget. The rest of the
35% of the budget was designated to consolidated climate and environmental objec-

tives. Principally, the Horizon 2020’s main-focus areas receiving funding were:
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e To build a low-carbon and climate resilient future.

* Encourage circular economy and connectivity in environmental and economic fields.

¢ Promote robust digitalization of European industry and services.

* Develop the adoption of electric vehicles and their penetration to automotive mar-
kets, next generation battery technologies, and schemes to advance the progress of

carbon-free society.

The Horizon 2020 had several mutually reinforcing thematic sections to support its en-
deavors, including excellent science, industrial leadership, societal challenges, innova-
tion in small and medium sized enterprises, access to venture capital, and spreading
participation with excellence and knowhow. Thus the Horizon 2020, through funding
for potential smart and sustainable projects, it aimed to ensure the EU’s long-term
competitiveness via state-of-the-art research and innovation activity. Moreover, the
program strived to make the EU more profitable for investments and businesses relat-

ed to smart technologies and innovations (European Commission, 2011, 2017 & 2020)

By securing sufficient financing, the Horizon 2020 was able to maximize the growth po-
tential of the European smart energy technology, research and innovation work, and
sustainable development of businesses. In addition, the Horizon 2020 approached so-

cietal challenges by distributing funds to following focus points:

¢ All-embracing, innovative, digital, secure and well-being societies
¢ Climate action, resource efficiency and raw materials

* Smart, secure, clean and efficient energy

e Smart, green, electrified and integrated transport

(European Commission, 2011 & 2020)
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2. Smart Cities

Currently, more than 50% of the world’s population is concentrated in cities, or in their
close proximity. It has been estimated, that by 2050 that share has risen by additional
20%. In 2016, there were 28 megacities in the world, with population more than 453
million combined. According to many estimations, the number of these megacities will
be over 40 by 2030. Urbanization is a global megatrend, which has direct effects on
climate change, rising emission and pollution levels, and the requirements of energy
production, distribution and consumption. Additionally, urbanization’s impacts on in-
frastructure requirements and land use, residential and transport requirements, and
sustainability on all of its levels: environmental, economic, social and cultural (Sloman,

2017; Cassandras, 2016).

The accelerated urbanization and growing environmental awareness have risen con-
cerns and demands to develop cities smarter, with the ability to be constantly evolving.
There is a need for ambitious sustainability strategies, which aid cities intelligently and
comprehensively by integrated technological solutions, and which can be demonstrat-
ed on a larger scale, to reach their smart city objectives. Smart city development pro-
motes innovative energy solutions, smart grid and RES development, and strives to ad-
vance sustainable transport modes, thus affecting on economic and social levels, and
enhancing quality of life (QoL). A smart city utilizes ICT to reach more efficient and in-
telligent standards in achieving carbon neutrality. It preserves natural resources, and
reduces land use by mature and jointly executed coordination, planning of in-
frastructure and transport design. A smart city strives for implementation of green and
innovative technical solutions, leading to savings in cost and energy, and promoting
better service delivery (Cassandras C.G., 2016; IEC, 2014; Ferrer et al., 2017; The IRIS
Smart Cities Consortium, 2019).

A city can evolve smarter by transforming the existing urban infrastructure gradually to
meet the requirements of a smart city. In addition, a city can design and construct new
city districts, infrastructure and environment by utilizing the smart city procedures and

solutions. These districts will act as example areas, i.e. living labs, and consequently
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cause changes in adjacent city districts towards smart city development. The smart city
advancement should have a holistic approach on sustainability. Measures to reduce a
city’s impact on environment and to expedite the integration of intelligent and efficient
use of technologies with the urban infrastructure outright form the backbone of envi-
ronmental sustainability. Economic sustainability signifies attempts to develop a city’s
economic potential, new financial and business models and innovations, and advance
more efficient and annexed service and infrastructural solutions. A smart city’s attrac-
tiveness for people, businesses and capital, improves the overall employment, business
and service possibilities, when social sustainability is functioning properly. Thus, cost
reductions, higher stability and security, and enhancement of quality of life can be

achieved (IEC, 2014; Ferrer et al., 2017).

In order to plan, capitalize and implement the best operating smart city solutions, new
methods, technologies and innovations are required. These include efficient and af-
fordable energy production based on RES, and investing in the development of e-mo-
bility solutions, smart charging and energy storage schemes, and advanced ICT solu-
tions. Additionally, key stakeholder engagement is relevant, including political leaders,
government and city officials, organizations, service operators and solution providers,
investors and consumers. Furthermore, local level citizen engagement has a paramount
role in smart city development. By these means, the continuance of the smart city de-
velopment can be secured, including the optimal end-result of citizen-awareness and

attractive city environment (IEC, 2014; Ferrer et al., 2017).
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Figure 1. Smart city concept (Singh, 2014).

Smart city development can face challenges. They can be financial, technical, social or
administrative. Collaboration between different stakeholders may prove to be prob-
lematic. Lasting and successful partnerships might be difficult to establish. Disagree-
ments about planning, means, priorities and objectives might emerge. Capital may be
insufficient, or the procurement rules are not appropriate or clear to everyone in-
volved. There may be issues with insufficient standards, regulations, even laws. The
required infrastructure may not be mature enough to hold the integration of a planned
smart solution. Lack of required competence or deficiency of necessary local adminis-
trative capacity may hinder the development. Resistance to change might occur from
any of the key stakeholder groups. Moreover, the successful development of a smart
city solutions and technology, which are easily adoptable by the society, user-friendly

and reliable, is not self-evident (Ferrer et al., 2017; Van Steen, 2019, IEC, 2014).

Designing the different sectors of a smart city, indicated in the Figure 1, and predicting
the requirements, consequences and benefits of the smart transformation, can be

challenging. In order to evade unnecessary hindering factors and challenges, well-de-
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signed and thoroughly carried out interoperability is vital, alongside with resorting to
internationally agreed standards and technical specifications. Successful coalescence of
smart infrastructure, technology and existing environment is imperative for value cre-
ation and in order to reach the objectives of a smart city’s predesigned framework. By
joining horizontal and vertical integration methods, better value, robust quality stan-
dards and interoperability can be obtained. Thus, the stakeholder involvement can be
strengthen, necessary supply chains enhanced and bottlenecks avoided. This is also
beneficial in order to keep the related costs under control, advance the efficiency of
the measures required, and ultimately support and improve the smart energy tech-
nologies’ business environment. By utilizing both bottom-up and top down strategies
for knowledge, information and intelligence processing, a smart city’s measures for
sustainability, service development, data centricity and successful citizen engagement
can be achieved more efficiently. Thereby, the smart city development benefits from
immediate feedback from its environment and key stakeholders, all joining and being in
contact with the smart city progress and inducements (IEC, 2014; Ferrer et al., 2017;

Van Steen, 2019).

2.1. Smart Grid

The infrastructures of power systems, from electricity generation to utilization industri-
ally, commercially and residentially, are currently in the state of significant change. The
power systems, i.e. grids, are required to evolve, to become smarter. Today’s power
grid needs to be reliable and efficient, resilient and flexible, secure and technically ad-
vanced, controllable and customer friendly. The main drivers for these requirements
are the rising global population, urbanization, and environmental issues, e.g. the cli-
mate change, global warming and increased emission levels. They all have an influence
on international and national energy and environmental policies, laws and regulations
around the world. Additionally, advances in technology, and increased utilization of re-
newable energy sources steer the development of the power systems towards a new

age (Malik, 2013; Rodriquez-Molina et al., 2014; Varaiya et al., 2011).
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The start of power systems dates back nearly 140 years. The first power station in the
world, Edison Pearl Street Generation Station, located in lower Manhattan, New York,
USA, and started its operation in 1882. Since then, power systems have developed into
large central power generating stations, supplying electricity through high-voltage net-
works to local distribution systems, serving all levels of consumption: industrial, com-

mercial and residential.

A traditional power grid uses large power plants to produce raw electricity. The power
plants are directly connected to the high voltage (HV) networks through centralized
synchronous generators with high inertia. The HV networks distribute power to medi-
um voltage (MV) networks and industrial customers through HV/MV substations. MV/
LV distribution substations conduct power to low voltage networks with commercial
and domestic customers. Transmission system operators (TSO) provide the power grid
infrastructure, covering long distances. TSOs are also in charge of the offer and demand
balance of the grids. Distribution system operators (DSO) are responsible for the fea-
tures related to end-user connectivity concerning the power network (Rodriquez-Mo-

lina et al., 2014; Malik, 2013; Varaiya et al., 2011; Ye, 2018).

A modern power system’s ideal requirements are high reliability, quality, flexibility and
efficiency in energy supply. Active monitoring and fast reaction to any changes in the
power delivery system are also unconditional qualifications. Reliability is needed in
balanced electricity supply, improved energy efficiency, and constant voltage and fre-
guency control. Moreover, increased integration of renewable power generation, elec-
tricity storage systems, e.g. battery-energy storage solutions (BESS), and the rising
number of EVs, set their own demands for power grids. Furthermore, digitalization and
increased impact of new technology, wireless communication, and new generation se-
curity threats, raise the level of requirements for the functionality of current power
systems even higher. Modern power grid is required to be self-healing in case of power
disturbances, and resilient to stand all attacks, physical and cyber. Efficiency in provid-
ing local and system-wide technical services and endeavour to minimize network losses

are essentials as well.
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Unfortunately, the traditional electric power system infrastructure is not designed to
meet these vast requirements. It is designed on the operating model, where electricity
flows primary in one direction, from HV generation sources to MV and LV level con-
sumption. It has limited cross-border interconnections, relying on centralized control.
The traditional power systems are dependent on non-renewable energy sources (coal,
gas, petroleum), which cause approximately 40% of the global carbon dioxide (CO3)
emissions, thus having severe negative impacts on the environment. Furthermore, tra-
ditional power systems are technically optimized for regional power adequacy, and are
able only for limited automation and situation awareness. They lack customer-size data
to manage and reduce energy use sufficiently for today’s standards (Malik, 2013;
Rodriquez-Molina et al., 2014; Isaacs, 2004; European Commission, 2006; Varaiya et al.,

2011).

European Commission’s defines a Smart grid as an electricity network that can cost ef-
ficiently integrate the behaviour and actions of all the users connected to it - generators,
consumers and those that do both - in order to ensure an economically efficient, sus-
tainable power system with low losses and high levels of quality and security of supply

and safety (European Commission 2011).

Smart grids - provide enhancements and expansion to the traditional power grids, their
maintenance and operations, by being flexible, optimal and bidirectional. As illustrated
in the Figure 2, Smart power generation is coordinated, and locally managed, having
full integration of distributed energy generation (DG) with RES (wind, solar (PV), hydro,
wave, geothermal, bio and waste-energy), alongside with large-scale centralized power
generation. Smart grids provide enhanced sensory and control capacity, designed to
deliver and perform at high-speed, in near- or real-time, in order to adjust to integ-
rated DG, RES, energy storage units, EVs, direct consumer participation in energy man-
agement (consumption and production), and efficient communication appliances.
Smart systems aim to provide user specified secure, quality and reliable power supply
for the digital age. The customers are provided with better tools to manage their en-
ergy consumption, not only to act as consumers but having the ability to perform as

energy producers as well. With improved economic productivity, high-class demand
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side management (DMS) and customer-driven value-added services, consumers can

benefit from cost savings and increment in quality of life.
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Figure 2. Smart grid components (Lohrmann, 2017).

Minimized environmental impact can be achieved by maximizing safety and sustainab-
ility. Smart grid’s operation and technology are designed to meet the demands of mod-
ern cyber security, and to assure long-term operation of the whole power system.
Latest advances in wireless communication technology and intelligent information
management systems are utilized, in order to secure the most robust and dependable
operation, control and monitoring (Malik, 2013; Rodriquez-Molina et.al, 2014; Isaacs,

2004; European Commission, 2006 & 2011).

Smart grid operating model includes also the concept and activity of microgrids and
virtual power plants (VPP). Both have become more common by the development and

decentralization of the power systems. A microgrid is a local cluster of electricity loads
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and sources, operating connected and synchronously with the actual wide area power
system. A microgrid can be disconnect to "island mode” if necessary, thus functioning
autonomously apart from the actual grid. Microgrids’ features include heavy integra-
tion of DG sources and RES. Prevalence of microgrids has dramatically increased during
the past 12 years when various communities, commercial buildings, public institutions,
universities and military installations have started to utilize the opportunities of de-

centralization of power systems.

A virtual power plant is a coalition or system of suppliers, which generates power for
independent consumption, and takes actively part in energy sales by utilizing RES, en-
ergy storage systems (ESS) and cloud-based technology. VPP acts as one large, virtual
and controllable power plant, ensuring its suppliers an opportunity to operate as a uni-
fied and flexible resource in the energy market, simultaneously achieving energy self-

sufficiency.

Microgrids and VPPs have in common their compilations and optimization of distrib-
uted energy resources. The biggest difference is that microgrids have a confined net-
work boundary and ability to operate in island mode. Whereas, VPPs can stretch over
much wider geography, being able to alter size depending upon real-time market con-
ditions. The increasing number of microgrids and virtual power plants bring more flex-
ibility to the power systems. The most relevant drivers for this development have been
the evolution of the smart grid concept and its supporting technological innovations,
including DER, reduction in costs of consumer sized solar energy and energy storage
technology. In addition, efforts to cut down energy costs in general, and global policy
efforts to reduce greenhouse gas emissions have contributed to the increment of mi-
crogrids (Hanna et al., 2017; Rodriquez-Molina et al., 2014; Ye, 2018; Bavrani et al.,
2017).

The smart power systems allow the electricity markets to develop into platforms oper-
ated by large number of different market actors. The trend is moving away from the
traditional wholesale market structure towards retail markets, including active con-

sumers with energy production capabilities to act as producers. The level of competi-



23

tion increases, thus enabling better incentives for cost efficiency and enhance innova-
tions. The consequences are extensive and require capability for greater flexibility in
the interaction between demand and supply. A smart grid does not focus solely on the
wholesale market, instead it includes all market segments, including trading. A smart
power system takes into account the end-user behaviour, hence affecting the energy
market as a whole. The positive outcomes include requirements for market operations’
increased efficiency, reduction in energy costs, and the development of the future’s de-
carbonized grid. Additionally, consumers gain the possibility by smart meters and two-
way communication, to enhance their energy consumption management, cut costs and
act as energy producers for the grid, with measures such as PV energy, separate energy
storages and/or with EVs through their batteries (Greve, 2016; Green & Webb, 2016;
Ye, 2018).

In smart grids both producers and consumers are making decisions concerning con-
sumption, based on prices signalling timely the true marginal cost of changing energy
demand, instead of having traditional flat-rate tariffs with no or little possibility to con-
tribute to the energy costs. This dynamic and real-time pricing allows the energy mar-
kets to fully exploit and reward its generating capability, thus giving way for flexible and

smart “energy-only” market, promoting new business models.

One possible model, which delivers more control and cost effectiveness to network
providers and transparency of prices for consumers, connects these two operators in
an evolved market infrastructure, focusing on the potential of trade of energy service
rather than just simply trading energy. The network operators are able to trade more
efficiently on multiple platforms, and with multiple operators: industrial, commercial,
domestic, microgrids, VPPs, EVs etc. Additionally, technology companies can sell power
alongside the meters and/or other devices controlling the consumption (Greve, 2016;

Green, 2016; Ye, 2018).



24

2.2. Smart Transport

Some of the biggest transport related challenges in today’s growing cities are conges-
tion, pollution, accidents, noise and scarceness of public space. Enhancing the devel-
opment of diverse transport systems and technology, require deployment of Mobility
as a Service concept (MaaS), urban mobility governance, and real-time data collection
and management. Thus, better traffic and infrastructural planning and management
can be achieved. Additionally, there are matters of social nature to be considered, such
as better ability to improve traffic safety, enhance environmental performance and at-
tractiveness, and advance information management and decision-making. Ultimately,
the goal is more sustainable and well-functioning urban surroundings, with the ability
to provide better quality of life to the citizens by efficient, secure and sustainable mo-

bility, energy technology and ICT solutions (Van Oers et al., 2020; Surdonja et al., 2020).

Through state-of-the-art energy technology, sustainable transport and ICT solutions, a
smart city benefits from improved and precise quality and quantity measurements,
aided by real-time big data management, analytics and modelling. Consequently,
gained development in knowledge capacity building, transfer and lessons learned, en-
able and amplify the city’s smart aspirations. Smart transport, both individual mobility
and public transport, seek to support and exploit ways of e-mobility systems, continu-
ous mobility chains and new mobility services, which are not only efficient and user-
friendly, but cost-effective as well (Van Oers et al., 2020; Porru et al., 2020; Dudyck &
Piatkowski, 2018).

Private and public transport’s transition from internal combustion engine (IC) vehicles
to electric, gas and bio fuel vehicles helps to decrease fossil fuel consumption, hence
helping to achieve carbon neutrality in smart cities. Transmission from private car
ownership towards car sharing, i.e. car-pooling, and enhanced smart public transport
services and increased connectivity, result in more sustainable transport in general,
with decreased volume and emission levels, optimized to meet the demands and re-
quirements of inter-modality. Smart public transport systems is highly flexible, provid-

ing consumers more versatility in transport modes, routes, schedules, service providers
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and payment systems (Van Oens. et al., 2020; Porru et al., 2020; Dudyck & Piatkowski,
2018).

Utilization of advanced EV technology and related solutions, e.g. smart charging and
V2G schemes, with option of combining RES and/or remote energy storage systems,
are all part of a smart mobility’s structure and integrative solutions. Functioning Maa$S
concept provides attractive and sustainable alternative for private transport and vehi-
cle ownership. It avails of intelligent mobility systems, e.g. data management, ICT and
real-time information access. Costs concerning traffic and travel can decreased, con-
gestions be mitigated, and time used in travelling reduced. Additionally, the safety fac-
tors of traffic can be enhanced, and pollution and noise levels reduced. Furthermore,
smart mobility contributes to the overall design of smart cities by transport network’s
efficiency, better management of parking spaces, and advancing public transport’s us-
age rate and its supporting policies (Van Oers et al., 2020; Surdonja et al., 2020; Dudyck
& Piatkowski, 2018; Barone et al., 2014).

2.3. Electric vehicles and e-mobility

Electric vehicle (EV) was invented already in the early 1830’s, decades before the first
IC engine vehicle invention, taking place later that same century. Electric vehicles were
common until the 1930’s, when their share out of the automotives started to diminish,
due to their insufficient driving power, overall slowness, short driving range and high
price. The IC vehicles had reached much higher popularity during the 1920’s, because
of better performance factors, affordability, and invention of mass-production. It was
not before the early 1990’s, after sufficient advancements in power electronics and mi-
croelectronics technologies, when the hybrid EV production could start in the United

States (Sharma et al., 2020; Pavic et al., 2020; Mullan et al., 2012; Matulka, 2014).

During the first two decades of the 21st century, the demand for EVs has increased
steadily. The main reasons for this development have been general increment in envir-
onmental awareness, EVs’” much lower carbon emission and air pollution levels, con-

siderably lower oil use, reductions in model prices, and improvements concerning
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power performance, driving range, charging and safety. Additionally, external factors
such as fuel prices, availability of charging stations and development in consumer char-
acteristics have improved the advancement of EVs adoption and penetration into
automotive markets around the world. Moreover, the political, economic and environ-
mental accord over the risks of transport systems’ dependency on petroleum-based
fuels has contributed to firming the foundation for EVs’ ascent (Sharma et al., 2020;

Pavic et al., 2020; Mullan et al. 2012; Matulka, 2014).

There are three types of electric vehicles.

2.3.1 Hybrid electric vehicles (HEVs)

HEVs represent the most proven and market established EV type. A HEV is powered by
an IC engine, which receives additional power from an electric motor. The utilized elec-
tricity is produced either by the IC motor running an electric generator, or from kinetic
energy, which is harnessed via regenerative breaking, and consequently transformed

into electricity. HEVs are further divided into three subtypes.

* Series HEV: a combustion engine drives an electric generator, which charges a
battery, providing power to the electric motor. Only the electric motor supplies
power to the wheels. No mechanical connection between the IC engine and the
transmission exists, thus making it possible for the IC engine to operate at max-
imum efficiency.

* Parallel HEV: an IC engine and an electric motor are connected parallel for me-
chanic connection. The IC engine is the primary power source and the electric

motor operates as a backup power source or for extra torque.

* Series-parallel aka combined hybrid HEV: has features from series and parallel
HEV types. Series-parallel is the most complex and expensive system of the

three HEV types (Pavic et al., 2020; Quinn et al., 2010; Habib et al., 2015).
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2.3.2 Plug-in hybrid electric vehicles (PHEVs)

PHEVs have the capability to run on gasoline or electricity. The ability to use batteries
to power an electric motor, which can operate as an alternative power source and in-
dependently from IC engine for the vehicle, result in petroleum usage reduction and
decreases in CO; emissions. A PHEV has to be plugged into the power grid for charging.
Thus, it possesses the ability to operate in V2G mode, after required modifications

have been done for the vehicle.

2.3.3 Battery electric vehicles (BEVs)

The most advanced electric vehicle type is the battery electric vehicle (BEV), i.e. pure
electric vehicle. BEVs use solely batteries and electric motor to run and have no IC mo-
tor. BEVs have to be charged as PHEVs. Some of the newest BEV models have the ability
to operate in V2G mode, and the others can be modified for the ability. BEVs have
more limited driving range than PHEVs (Pavic et al., 2020; Quinn et al., 2010).

PHEVs’ and BEVs’ technologies are designed to enable unidirectional charging from the
grid, i.e. grid-to-vehicle (G2V). However, both of these EV types can be designed to en-
able bidirectional charging, i.e. vehicle-to-grid (V2G) mode, thus been able to supply
power from the batteries to the grid. Thus, EVs with V2G capability can be utilized to
support the power grid as distributed power storage and supply, and in various ancil-
lary services, e.g. voltage and frequency control, and load following (Drude et al., 2014;

Sharma et al., 2020).

Batteries are the most significant and expensive components of PHEVs and BEVs, con-
cerning their competitiveness. Issues such as cost and climate conditions are of con-
cern with batteries, as well as energy density and power density, since they affect the
allowed driving range. BEVs’ driving range can vary from 100 km to 500 km, depending
on the battery capacity. Additionally, the utilized battery technology affects a battery’s
cycle life. Lithium-ion based batteries are best suitable for EVs purposes (Lithium-ion

aka Li-ion or LIB), particularly Lithium Nickel Manganese Cobalt Oxide (LiNiMnCoO,)
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and Lithium Titanate aka LTO (Li,TiO3) batteries. Other lithium based battery technolo-
gies include Lithium-iron phosphate aka LFP (LiFePO4), Lithium-Sulfur (Li-S) and Lithi-
um-air (Li-O2) batteries. Although these lithium battery models are also suitable for EV
use, they are more advanced and expensive than common Li-ion batteries, and still in

the research stage (Sharma et al., 2020; Pavic et al., 2020; Battery University, 2021).

Since there are various different sizes and model types of EVs, various different battery
models exist as well. The most notable feature of a battery is the power it can provide.
Demanding operating temperatures, i.e. extreme hot or cold, have the effect to de-
grade a battery, thus accelerating the loss of its capacity and reducing its cycle life.
Heat has an impact on the battery by reducing its life, and cold decreases its perfor-
mance temporarily. The most important EV battery qualities are trip-length capability,
amount of peak power delivered during acceleration, and energy harnessed during
breaking. EV’s battery management system (BMS) has multiple tasks to manage. BMS
estimates the battery’s state of charge (SOC) and state of health (SOH) conditions, and
monitors and balances the battery’s cell activity. In addition, the BMS manages the bat-
tery’s thermal condition, safety and protection. Moreover, the BMS is the interacting
component to the charging station, implementing an optimal charging profile for the

battery (Battery University, 2021; Baronti et al., 2016; Sharma et al., 2020).

A small electric vehicle is usually equipped with a 12-18kWh battery. A mid-sized fami-
ly sedan battery has 22—-32kWh of power. The most powerful EV models are equipped
with large-size battery, capable of producing 60—100kWh, providing extended driving
range and higher performance. Most EV batteries are guaranteed to have a life span of

8-10 years or approximately 160 000 km.

Development in batteries’ cost, lifespan, reliability, sustainability, safety, usability and
capacity, are all factors determining EVs’ overall success and advancement in automo-
tive markets globally. Additionally, improvements and design of new battery material
and chemistry solutions play a crucial role. For example, designs of battery packs, ad-
vancements in lithium-ion and nickel metal hydride (NiMH) technologies and manufac-

turing processes, and batteries’ recyclability and end-of-life solutions (e.g. second-life



29

battery schemes), will have significant impact on EVs’ future evolvement and success

trajectory (Pavic et al., 2020; Baronti et al., 2016; Battery University, 2021).

2.4. Smart charging

The fast rising number of EVs require wider, reliable and more comprehensive charging
infrastructure. As the number of EVs increases, their potential impacts on power grids
ascends as well. Hence, efficient smart charging schemes and management become
essential. In smart charging, an EV and a charging device are in data connection. This
connection is further connected with a charging operator via the charging device. The
charging operator/the owner of the charging device is able to monitor, control and re-
strict the charging remotely, thus optimizing the energy consumption effect to the grid.
If charging is not managed controllably, a large number of EVs can cause severe peak
loads to the power grid by increased power and energy demand, hence having signifi-
cant impact on the power quality. Other potential effects to the power grid are possible
negative impacts on the various system components, e.g. transformers. Without regu-
lation and control, charging simultaneously a large number of EVs, i.e. fleets, can cause
disruption to the stability of the whole power system. The rising demand of electricity
requires enhanced control of DMS, having the capability and tools to utilize the capaci-
ty harnessed from EVs, their ability of acting as distributed energy storages and power
generation units for the grid (Baronti et al., 2016; Mullan et al., 2012; Habib et al.,
2015; Sharma et al., 2020).

Different EV charging technologies are:

* Unidirectional vs. bidirectional:
The charging of EVs can either be unidirectional or bidirectional. In the first model, aka
grid-to-vehicle (G2V) solution, an EV uses the power grid to charge its battery. In the
later model, the EV battery can also be used to supply power to the grid, i.e. V2G solu-

tion.
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®* On-board vs. off-board chargers:
When an EV is equipped with an on-board charger, it can be charged anywhere, where
a power outlet (plug-in) exists. On-board charger adds more weight to an EV. Whereas,
an off-board charger requires a charging point or a station with power rating of approx-

imately 50kW to charge the battery of an EV.

* Integrated chargers:
An EV’s electric drive system components take part in charging, which reduces the size
of an on-board charger, or it is not required at all. Thus, reductions in cost, weight and

space usage can be achieved.

* Wireless aka dynamic charging:
Electric power is transferred wirelessly to an EV through a power field. The system re-
quires a large size antenna array, which can be supported by inductive or magnetic res-
onance coupling, microwaves, or laser radiation. However, wireless charging is still in
the research stage, and its expenditures are high. Yet, once operational and widely
available, it has the potential to revolutionize the whole transportation system (Baronti

et al., 2016; Sharma et al., 2020).

In charging, the current and voltage needs to be constantly controlled. This can be best
achieved by either keeping the current or voltage constant. Additionally, different lev-
els of charging exist. Level 1 charging or slow charging is designed for residential out-
lets, for on-board charger models with 120V AC outtake. Level 2 aka semi-fast charging
is suitable for charging stations, and are capable for five times faster charging than the
level 1, thus being able to fully charge an EV in 5-7 hours. Level 3 aka fast charging uses
DC power with constant current and voltage. Its charging power exceeds 100kW, re-
quiring charging technology of considerable size, thus being suitable only for off-board
charging. Fast charging is optimal, e.g. in public transport and commercial logistics us-
age, where battery charging should not last more than 30-60 minutes (Sharma et al.,

2020).
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However, smart charging solutions require new kind of charging schemes:

* Uncontrolled, time-of-use smart charging:
Smart charging based on optimization of time-of-use is the simplest form of smart
charging. It incites the end-users to utilize off-peak periods for charging from peak
times. Additionally, it is relatively straightforward to implement time-of-use charging,
since its external stakeholder control does not exist. Time-of-use charging has proven
its effectiveness in delaying EV charging until off-peak periods at low EV penetration

levels (Paulraj, 2019; Virta, 2021).

* Unidirectional controlled charging (V1G):
Either EVs or the charging infrastructure can adjust their charging rate in unidirectional
controlled charging. The grid operator oversees the charging process via controlling
signals. Daily estimation of the local available charging capacity is provided by Open
Smart Charging Protocol (OSCP), and Open Charging Point Protocol (OCPP) to the
Charge Point/Spot Operator (CPO), which adjusts EVs’ charging profiles to the available
charging capacity.

* Bidirectional V2H / V2B / V2X smart charging:
Smart charging scheme, which provides an EV battery’s power supply to be connected
to its close surroundings, performing as a back-up power source increasing self-con-
sumption. Hence, it does not stress the actual power grid but functions as an alternat-
ive power source. This scheme can add flexibility and reliability to, e.g. homes (V2H),

buildings (V2B) or some other objects’, e.g. facility, appliances, lighting etc., electricity

consumption (Paulraj, 2019; Virta, 2021).

® Bidirectional Vehicle-to-grid (V2G):
With V2G solution, an EVs can be utilized as a distributed power source and storage for
the grid. Thus, it is more evolved smart charging method than controlled V1G or bidi-
rectional charging for self-consumption. Furthermore, in V2G smart charging/discharg-

ing, EVs’ batteries can be utilized in ancillary services, including voltage support and
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frequency control, load following and functioning as secondary reserve for grid flexibili-
ty and reliability. In V2G smart charging, the TSO is capable of purchasing energy from
EV owners if the peak demand requires it. Hence, V2G has higher commercial value,
which can encourage consumers to acquire an EV (Paulraj, 2019; Virta, 2021; Habib et

al., 2015).

2.5. Vehicle-to-grid solutions

Through V2G, EVs can be utilized as an additional power source to the grid. With great
number of EVs, i.e. fleets, V2G operating model reduces the dependency on oil, and
lowers CO; emissions. Additionally, V2G has the capability to enhance stability, reliabili-
ty, efficiency, and generation dispatch of a distributed network, thus increasing the en-
tire power grids’ performance. Majority of the EVs are not utilized in traffic all the time.
Instead, they spend vast amounts of time parked, where they could be connected to
the grid. Once stationary, the batteries of EVs are not utilized for driving, thus forming
an enormous source of distributed energy storage, which could be used as an exten-
sion and support to the electricity supply system, in smaller or larger scale. The batter-
ies represent zero-cost energy storage for the grid use, since they already have been

purchased for the EVs’ use (Mullan et al., 2012; Habib et al., 2015; Quinn et al., 2010).

V2G concept has major benefits. Large amount of EV batteries have the capacity to
store excess electricity during low-demand hours, and release it back to the grid when
the energy demand is at its highest, as illustrated in the Figure 3. EV batteries have
rapid response time for storing energy, and they are capable of providing low-cost aid
through various ancillary services, e.g. voltage support, frequency regulation, load fol-
lowing and aiding in black starts. In addition, EV batteries are able to increase and en-
hance renewable energy generation to the grid, e.g. by interconnection with smart
homes’ photovoltaic (PV) panels in urban areas, thus balancing and adding stability to
the power system. By and large, V2G solution can also generate revenue for the all par-
ties involved: the electricity system operator (SO), aggregators, electricity retailers and

the EV owners (Mullan et al., 2012; Habib et al., 2015; Quinn et al., 2010).
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Figure 3. Vehicle-to-grid (V2G) operating model (EVConsult, 2021).

2.6. Second life batteries

EV batteries’ end-of-life purpose raises many questions and concerns. Should the bat-
teries be disposed or recycled, or could their purpose be prolonged? Is a battery still
usable and does it have any value, after its capacity and performance levels have de-
clined, i.e. the battery has reached the end of its “first life”, its original purpose?
Nowadays, when circular economy’s procedures and values are common concepts, the
matter of EV batteries’ end-of-life has become more important as well. Finding a “sec-
ond life” (2nd life) for the used EV batteries is receiving wide attention globally. EV bat-
teries’ second life could benefit the batteries’” manufacturers, user and potentially cre-
ate new businesses and revenue streams. Thus, granting a battery a second life would
have positive environmental and economic effects. As transportation steadily trans-
forms from IC powered vehicles to electric vehicles, the number of lithium-ion batter-

ies in and out of use rises considerably (IEA 2019; Engel et al., 2019).

Normally, an EV lithium-ion battery’s first life lasts approximately 8-10 years, after

which it is no longer suitable to function as a battery in regular EV usage. However, the
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battery still has 70-80% of its capacity left. Then, three end-of-life options exist: dispos-
al, recycling or continuance of utilization in a less demanding battery application, e.g.
having a 2nd life. Disposal of an EV battery possesses environmental concerns to be
taken into account, the reason why it is a best option only for damaged batteries.
Moreover, disposal without recycling is not economically sensible. Recycling, i.e. col-
lecting the battery’s valuable metals is an expensive procedure. With lithium-ion bat-
teries, it is more expensive to recycle a battery than it is to mine new lithium. The cost
of recycling a battery is approximately €/kg (10€/kWh), which is three times higher
than can be expected from selling the used battery on the market. Because reclaiming
lithium is so costly, less than 10% of all used EV batteries’ lithium are recycled, and vast
numbers are been disposed, resulting great losses in the batteries’ still existing value.
By reusing the battery and harnessing its 2nd life potential, its lifespan’s total use and

value can be captured (Jiao, 2016 & 2020; Desarnaud, 2019).

In 2019, the global amount of sold electric vehicles (PHEV & BEV) was over 2 million
units, raising the total global number of EVs in use to 7.2 million. According to estima-
tions, in the year 2025 the total number of EVs in the world will reach 100 million, with
25% market share of all cars sold globally in each year. In 2030, over 250 million EVs are
expected to exist in use, and approximately 45 million new ones to be sold every year.
The ascending development of EV industry will increase the number of out-of-use lithi-
um-ion batteries drastically (IEA 2020; Hossain, at al., 2019, Desarnaud, 2019; Engel et
al., 2019; Jiao, 2020; Van Troeye, 2019).

According to estimations, in 2030 the accumulated amount of energy generated by the
EVs’ lithium-ion batteries in global scale, counting both new batteries and those taken
out of use, will be 3.6-17.6GWh. Some estimate this amount to be even as high as
200GMh. In 2063, the amount will be anything between 32.3-1010GWh, according to
the lowest and most optimistic evaluations. This development has a descending reflec-
tion on new lithium-ion battery prices, which are dropping already regardless this fac-
tor, due to their own market development. Currently the price of a new lithium-ion

battery is around $200-300/kWh, whereas in 2025 the price is estimated to be
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$90-100/kWh. The decrease in prices is due to the increase of number of EVs sold in

the markets.

A great potential exist for 2nd |ife batteries in stationary energy-storage applications,
which require less frequent battery cycling (100-300 cycles/year). If a new EV battery
has 22kWh energy, after its first life it still holds 15-17kWh, which can enable a second
life of 10 more years, if utilized shrewdly (IEA 2020; Hossain, at al., 2019, Desarnaud,
2019; Engel et al., 2019; Jiao, 2020; Van Troeye, 2019).

By fully utilizing the growing number of 2nd |ife batteries, the need for new batteries
would be lesser, resulting in reduction of natural resources’ exploitation. Second life
batteries present no added burden on the environment. Instead, they enable an af-
fordable energy storage solution, able to operate in various stationary energy-storage
applications, and enhance smart grid and renewable energy development. Utilizing 2nd
life batteries is scalable, affordable and sustainable. However, for safety reasons, 2nd life
batteries require testing before they can be utilized. However, thereafter they are a vi-
tal mean tackling the growing energy consumption issues (Colthorpe, 2019; Jiao, 2016

& 2020).

Second life batteries can perform as stationary primary energy storages in smaller
scale, or as back-up storages in more demanding usage. In peak demand, 2nd life bat-
teries can aid in ancillary services such as voltage support, frequency regulation, black
start and load following, as indicated in the Table 1. They can also be exploited to oper-
ate with PV as storage use in microgrid purposes for various premises, municipalities
and neighborhoods, or even in small town scale, functioning for the local smart grid. In
transmission-deferral application, 2nd life batteries can provide power support to a
neighborhood grid transformer, when the energy demand is higher than the trans-
former’s capacity. 2nd life batteries charge during off-peak periods and are ready to in-
ject the power back to the grid when needed. Second life batteries can also function as
electrical appliances for water and living-space heating, and as a reserve storage in the
case of localized blackouts (Table 1). 2nd life batteries participation in electricity supply

in residential applications is best utilized for private usage, e.g. for common electricity
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management, to share locally produced green energy, or to reduce energy bills and en-
vironmental energy production and consumption impacts (Hossain et al., 2013; Van

Troeye, 2019; Bobba et al., 2018; Casals et al., 2019).

In commercial applications electricity demand is higher, thus the need for higher num-
ber of batteries is necessary. Second life batteries can be used in load following, i.e.
aiding in balancing the generation of electricity and the load. Additional commercial
applications for 2nd life batteries include acting as reserve for localized blackouts and
emergencies. Second life batteries can also replace, at least partially, the much more

expensive first life batteries in the applications.

The power demand is the highest in industrial applications, where 2nd life batteries can
function as storage and backup for RES, and in ancillary services, such as voltage sup-
port, frequency regulation and load following. 2nd life batteries can also have a signific-
ant part in maintaining utilities power reliability at lower cost, than what would be pos-
sible with new battery storage units. (Hossain et al., 2013; Engel, H. et al., 2019; Pal-
izban & Kauhaniemi, 2016).
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Table 1. The suitable applications for Lithium-ion batteries (Palizban & Kauhaniemi,
2016).
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In transport applications, 2nd life batteries can be utilized in EV charging stations, for
fast charging without overloading the local energy supply. They can even serve as dis-
tributed storage units for citywide tram networks. Although 2nd life batteries are not
able to function as well and reliably as a new batteries for everyday EV usage, the
70-80% capacity they possess can power a vehicle for short range mobility needs, e.g.
for local traveling and commuting, and powering city shuttles, school buses, fork lifts,
e-scooters and bikes, and even ferries. Additionally, second life batteries can be used to
form a basis of vehicle leasing businesses, such as tax services, delivery firms etc. They
can be utilized for V2G applications, and telecom base stations and data centers as
backup power sources (Hossain et al., 2013; Melin, 2018; Bobba et al., 2018; Casals et
al., 2019).
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2.7. Mobility as a Service (Maa$)

Concerns over urbanization and climate change, increased environmental awareness,
and latest advancements in digitalization, vehicle, internet, and information commu-
nication technologies, have affected strongly to transport and mobility markets. Mobil-
ity as a Service (MaaS) concept aims to transform the purely operational transport
model to comprehensive, sustainable and user focused mobility service assortment,
resorting to modern bottom-up approach instead of traditional top to bottom. The ob-
jective is to provide all Maa$ users an unbreakable mobility chain possibility, enabling
one-step mobility within a Maa$S’ region, i.e. a city (Yellowlees, 2017; Stopka et al.,

2018).

The main objective of MaaS is to advance the energy efficiency and fluency of urban
transport and mobility, prioritizing constantly the end-users benefit. MaaS joins the
public and business sectors with the users, striving to increase the attractiveness of
public transport and enhancing the operability of unbreakable mobility chains. It pro-
motes cycling and walking as an alternative-choice of mobility to vehicle ownership. In
addition, the development and utilizing innovative mobility solutions are part of MaasS,
e.g. car sharing, and utilizing EV fleets’ power supply potential in V2G solutions and
smart charging schemes. Furthermore, the concept can aid in traffic congestion mitiga-
tion, and reduce the need for parking spaces, thus affecting to urban attractiveness and
land use. Moreover, organizations can benefit from MaaS by being able to improve
their logistical services more efficiently (The Finnish Government, 2016; The Ministry of

Environment, Finland, 2017; Yellowlees, 2017; Stopka et al., 2018).

Successful and well-functioning Mobility as a Service does more than just develops
transport and mobility. It has wide economic and environmental scopes. By enhancing
the utilization of digitalization and ICT, collaboration of its stakeholders, and disman-
tling unnecessary regulations and bureaucracy, MaaS improves the compatibility of all
different actors being part of its operating model. Hence, it aids new business models
to break into markets, and improves the service environment. The main objective is to

develop user friendly, market oriented and high quality mobility services, which oper-
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ate seamlessly as one economically and environmentally sustainable, digital and con-
stantly evolving system. (The Finnish Government, 2016; The Ministry of Environment,

Finland, 2017).
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3. Horizon 2020 Lighthouse projects

The European Union’s Horizon 2020 program includes several individual smart city
projects, which are based on Lighthouse (LH) and follower cities (FC) concept. Each in-
dividual project is built around three Lighthouse cities and minimum of three follower
cities, located in different EU states. The Lighthouse cities develop, test and demon-
strate different integrated, innovative, and market-orientable solutions in the fields of
sustainability, smart energy and smart city solutions. The LH cities act as role models

for the follower cities, which are obligated to replicate the LH cities’ demonstrations.

It is essential for each project’s success, that the demonstrated LH solutions are replic-
able for the follower cities, either as an independent project, or on city district level.
The follower cities are not expected to replicate every solution demonstrated by the LH
cities. However, the variety of integrated solutions is vast, and each city’s choice of se-
lection depends on the city’s ambitions, characteristics, geographical location, technical
level, resources, administration, culture, and set goals in sustainability and economic

growth (European Commission, 2016 & 2017; Ferrer et al., 2017).

Matters concerning a city’s capability to be accepted in a smart city project, and de-
termining how advanced its smart city level is, depend on how advanced the city is in

the following:

e State of Sustainable Energy and Action Plan (SEAP)

¢ The level of smart grid solutions in general

e The utilization of RES

e Adoption of EVs and related technologies, i.e. innovative smart charging in-
frastructure

e State of sustainable mobility and Mobility as a Service concept

e Utilization of 1st and 2nd life BESS

¢ Sustainable buildings and construction solutions

e Level of state-of-the-art ICT solutions

(European Commission, 2016 & 2017; Ferrer at al., 2017)
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A Lighthouse city’s goal is to achieve significant improvements in energy sufficiency,
with encompassing utilization of various RES: wind, solar, hydro, wave, and geothermal
energy, waste incinerated heat and energy storages. A LH city’s integrated electricity
solutions should be able to support the invocation of V2G, smart charging, and EV fleet
solutions. State-of-the-art ICT solutions are vital for improved planning, management,
control and maintenance of smart applications and actions. By guaranteeing successful
implementation of robust ICT solutions with smart energy and transport solutions,
physical urban infrastructure and operational technologies in buildings, the adoption of
Maa$ can be enhanced, and citizen/user engagement executed successfully (European

Commission, 2016 & 2017; Ferrer at al., 2017).

The concept of Smart Cities and Communities (SCC) is a network of Horizon 2020 fund-
ed Smart City projects. The various projects may have different characteristics. Howev-
er, they share a common goal: to achieve a sustainable, carbon neutral and environ-
mentally friendly smart city operating model, driven by replicable smart energy innova-
tions and technologies. Each Horizon 2020 smart city project has a duration of five
years, in which it is required to gain results. That is to say, the FC cities are required to
demonstrate smart city solutions, and their follower cities are to replicate them or at
least design a valid replication plan to implement the smart city solutions (European

Commission, 2017).

The Horizon 2020 Smart Cities network consists of the following smart city projects,

with mentioned LH cities, number of follower cities, and project start dates:

¢ Atelie (Amsterdam & Bilbao, 6 FCs, 2019)

¢ Poctyf (Alkmaa &, Evora, 6 FCs, 2019)

e Sparcs (Espoo & Leipzig, 5 FCs, 2019)

e CityXchange (Limerick & Trondheim, 5 FCs, 2018)

e Making City (Groningen & Oulu, 6 FCs, 2018)

¢ IRIS (Gothenburg, Nice Cote e d’Azur & Utrecht, 3 FCs, 2017)
e MatchUP (Antalya & Dresden, 4 FCs, 2017)

¢ Stardust (Pamplona, Tampere & Trento, 4 FCs, 2017)
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e mySMARTIife (Hamburg, Helsinki & Nantes, 3 FCs, 2016)

* Ruggedised (Glasgow, Rotterdam & Umea, 3 FCs, 2016)

e GrowSmarter (Barcelona, Cologne & Stockholm, 5 FCs, 2015)

e Remourban (Nottingham, Tepebasi/Eskisehir & Valladolid, 2 FCs, 2015)
* Replicate (Bristol, Florence & San Sebastian, 3 FCs, 2015)

¢ Sharing Cities (Lisbon, London & Milan, 3 FCs, 2015)

e SmartEnCity (Tartu, Souderborg & Vitoria-Gasteiz, 2 FCs, 2015)

e Smarter Together (Lyon, Munich & Vienna, 3 FCs, 2015)

¢ Triangulum (Eindhoven, Manchester, Stavanger, 3 FCs, 2015)

(EU Smart Cities Information System, 2020)

For each participating city, it is essential that the planning of smart cities’ infrastruc-
tures and processes can be integrated seamlessly with related existing national policies
and regulations. Functioning and successful business models, as well as finance and
procurement processes are important for a smart city projects advancement and suc-
cess. Active engagement of citizens and key stakeholders enhances wider perspective
planning and more thorough decision-making processes. The district level integration
of smart homes and buildings, use of RES, smart mobility and energy storage solutions,
and exploiting smart management systems with integration of reliable ICT solutions,
resonate a strong positive example for other city districts to follow. The end-result is
more sustainable, energy efficient and holistic smart city development, which can be
imitated by cities not yet part of the SCC (The IRIS Smart Cities Consortium, 2017;
Massink, 2019).



43

4. IRIS - Integrated and Replicable Solutions for Co-Creation in

Sustainable Cities

IRIS smart city project was initiated in 2017. The project is funded by the European
Union’s Horizon 2020 program, with duration of five years (2017-2021). IRIS Lighthouse
cities are Gothenburg (Sweden), Nice Cote d’Azur (France), and Utrecht (Netherlands).
These cities act as living laboratories for demonstration, integration and implementa-
tion of innovative energy efficient areas, flexible smart energy solutions and ap-
plications, incrementing the utilization of RES and ESS, e.g. battery-energy storage solu-
tions with first and 2nd life batteries, heat energy storages, and EVs’ energy storage ca-
pacity via V2G and PV integrated systems. Additionally, the LH cities strive for intelli-
gent use of state-of-the-art ICT solutions, sustainable mobility schemes and services,
and interactive citizen engagement. The paramount goal is to improve the urban life,
and to ensure sustainable, secure and affordable energy for living and mobility for all
citizens and businesses. To achieve this, coalition of universities, research organiza-
tions, innovation agencies, local authorities and private expertise have joined forces in
collaboration. To enforce this, the LH cities cooperate actively with the follower cities;
Alexandroupolis (Greece), Focsani (Romania), Santa Cruz de Tenerife (Spain) and Vaasa
(Finland) (Massink, 2019; Angelakoglou et al., 2019; Nikolopoulos et al., 2018; Crombie
et al., 2018).

The IRIS project consists of five Transitions Tracks, which all include various integrated
smart city solutions. Once a Lighthouse city has successfully demonstrated an activity
of an innovative smart city solution in their environment, a follower city is able to cre-
ate a replication plan for the chosen integrated solutions, and determine their sched-
ule, resources, partners, which are the requirements for successful implementation.
Not all of the solutions demonstrated by the LH cities’ are required, or can be replicat-
ed by the follower cities. Each participating city, a follower and a Lighthouse, has its
own baseline, needs, framework and goals when starting the IRIS Smart City endeavor,
determining which integrated solutions form its replication plan (The Smart Cities Con-

sortium, 2017; IMCG, 2020; Massink, 2019).
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The five IRIS project’s transition tracks and their integrated solutions, shown in the Fig-

ure 4, are:

Transition Track #1:

Smart Renewables and Closed-loop Energy Positive Districts:
e Positive energy buildings
* Near zero energy retrofit district

¢ Symbiotic waste heat networks

Transition Track #2:

Smart Energy Management and Storage for Grid Flexibility:
e Flexible electricity grid networks
e Smart multi-sourced low temperature heat networks with innovative
storage solutions

e Utilizing 2nd life batteries for smart large-scale storage schemes

Transition Track #3:

Smart e-Mobility Sector:
e Smart solar V2G EVs charging

¢ Innovative mobility services for the citizens

Transition Track #4:

City Innovation Platform (CIP) Use Cases
e Services for urban monitoring
e Services for city management and planning
e Services for mobility

e Services for grid flexibility

Transition Track #5:

Citizen Engagement & Co-creation:
e Co-creating the energy transition in your everyday environment

e Participating city modelling



e Living labs
* Apps and interfaces for energy efficient behavior

(The Smart Cities Consortium, 2017; IMCG, 2020; Massink, 2019)
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Figure 4. IRIS Transition Tracks and the integrated solutions (The Smart Cities Consor-
tium, 2017; IMCG, 2020).
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5. Transition Track #2 & #3 activities in the IRIS Lighthouse cities

The trend of increasing urbanization adds pressure on well-functioning traffic, its re-
qguirements, applications and services. IRIS LH cities’ goal is to reduce carbon emissions
and pollution levels from traffic, and raise the level of sustainable transport by e-mobil-
ity solutions, utilizing the Maa$S concept, and investing in sustainable public transport.
Additionally, integrating smart management and control to EV charging infrastructure,
the possibility of utilizing photovoltaic (PV) solar panels with EVs’ charging, V2G, and
RESS, including 2nd life batteries, play significant role in IRIS LH cities’ demonstrations

(Nikolopoulos & Pramangioulis et al., 2018; Nikolopoulos & Tryferidis et al., 2018).

The development of sustainable urban transport calls for solutions evolving its techno-
logy, infrastructure and services towards green direction, by encouraging citizens to
promote public transport, e-mobility solutions and vehicle sharing. Smart transport’s
requirements are accessibility, reliability, flexibility and cost-effectiveness. State-of-the-
art technologies, digitalization, ICT solutions, and open data access for consumers are
part smart transport. Mobility as a Service and multimodality are concepts, which aim
to provide integrated, versatile and efficient transport system, which advances sustain-
able mobility based (gas and/or e-buses, modes of cycling, walking) door-to-door ser-
vices, promoting mode-independent connection service, thus reducing private car
ownership (Nikolopoulos & Pramangioulis et al., 2018; Nikolopoulos & Tryferidis et al.,

2018).

As EVs become more popular, eventually taking over the global automobile stock dur-
ing the next few decades, various positive impacts as well as challenges will emerge.
The development can affect favorably on countries’ environments, energy productions,
efficiencies and economies. However, while integrating large EV fleets with an energy
grid may have great advantages, it might result unpredictable energy flows as well, if
not managed properly. Successful integration of RES with e-mobility solutions, and
fleets of private and shared EVs and e-buses, require sophisticated smart charging in-
frastructure, management and control. Charging a large number of EVs simultaneously,

should not be able to put uncontrollable amount of added stress on a power grid. Ad-
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ditionally, charging should not only be well designed, it needs to be well scheduled,
and offer vehicle-to-grid (V2G) possibility. Thus, EV owners are able to switch from be-
ing just electricity consumers to take part of producing energy and selling it to the grid,
i.e. to become prosumers. Integrating RES and smart charging not only maximizes the
profits of RES, but by allowing high level of self-consumption and -sufficiency to EV
owners, it reduces grid stress and possible EV charging power peaks. Hence, RES com-
bined with smart charging enhances the financial value of grid flexibility (Nikolopoulos

& Pramangioulis et al., 2018; Nikolopoulos & Tryferidis et al., 2018).

IRIS project’s Transition Track #2, Smart Energy Management and Storage for Grid Flex-
ibility includes three integrated solutions that can be demonstrated by the LH cities and
replicated by the FC. The T.T. #2’s third solution, Utilizing 2n4 life batteries for smart
large- scale storage schemes is examined in this thesis. Additionally, this thesis concen-
trates on IRIS Transition Track #3’s Smart e-Mobility Sector, containing integrated solu-
tions, Smart solar V2G EVs charging, and Innovative mobility services for the citizens.
The later solution consists e-mobility, car sharing, and Maa$S concept, prioritizing in
public transport, and other sustainable mobility applications. These subcategories aim
at increasing the deployment of EVs in private and public transport. Additionally they
strive to enhance EV fleet management schemes to the end-users, and Maa$ services
to reduce number of private vehicles by increasing public transport, car sharing sys-
tems and services. Moreover, the use of RES in the mobility applications and services is
essential feature for the solutions (Nikolopoulos & Pramangioulis et al., 2018; Nikolo-

poulos & Tryferidis et al., 2018).

The manner by which the Transition Track #3 solutions and the T.T. #2’s solution, Utiliz-
ing 2nd life batteries for smart large scale storage schemes, are demonstrated in the IRIS
Lighthouse cities differ somewhat from each other. Although Utrecht, Gothenburg and
Nice all have some similarities in their chosen solutions, they also have several inde-
pendent fields of interest in the 2nd |ife battery, and intelligent mobility solutions. The
City of Vaasa, as a follower city, strives to find the most suitable integrated solutions,
concerning 2nd life batteries and Smart e-Mobility, to be assessed and replicated in its

own environment. However, before Vaasa’s replication can be analyzed, the demon-
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strations of the Lighthouse cities need to be examined. These demonstrations are con-

tinuing.

5.1. Gothenburg, Sweden — T.T. #2 and T.T. #3 solutions and demonstra-

tions

1. Transition Track #2: Utilizing 2nd life batteries for smart large scale storage

schemes:

* Demonstration and study of a 350V DC building microgrid utilizing 140kW
rooftop PV installations with a 200kWh 2nd battery storage:
Gothenburg’s Akademiska hus, took part in the IRIS project, and has demon-
strated how DC system is able to provide advantages when local microgrid level
electricity is produced with solar panels and stored in 2nd battery system. The
study has explored the re-usefulness of EV batteries in stationary energy stor-
age applications. The batteries were primary expected to provide aid in peak
power shaving, as well as storing locally produced PV electricity for later use.
Secondarily, the constructed system enables Akademiska hus to buy and store
electricity from the grid at off-peak periods, for later peak-period consumption
or sales. The DC system has provided secure supply and enhanced energy effi-

ciency (Loveryd et al., 2020; Pavic et al., 2018).

Gothenburg’s demonstrations, concerning the integrated solution, Utilizing 2nd
life batteries for smart large-scale storage schemes, has indicated both matters

of potential and challenging aspects, as clarified in the Table 2.
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Table 2. Matters of potential and challenging aspects of Gothenburg’s demonstration
of the solution, Utilizing 2nd life batteries for smart large-scale storage schemes

(Loveryd et al., 2020; Pavic et al., 2018).

Matters of potential:

Challenges:

Sweden possesses a strong unified polit-
ical determination that the reduction of
CO; and GHG emissions must proceed
swiftly. Initiatives and innovations striving
to achieve this goal receive a strong polit-

ical support.

Subsidies are mandatory in the introduc-
tion phase of 2nd life battery solutions.
However, this makes the topic a subject
of a lengthy political debate, hindering
the development of business models and

market introduction.

2nd |ife batteries can act as energy storage
units for various size solutions and de-
mands, and provide capacity to aid in grid
flexibility and reliability through various
ancillary services, e.g. load following, fre-
quency regulation, voltage support and

aiding in the case of local black outs.

Management of the collection, storing
and ownership or the received data, and
financial profit from the 2nd life battery
solutions are not clear. Particularly, inter-
faces concerning the batteries’ ownership
due to their prolonged life, present a

challenge.

2nd Jife batteries can advance and en-
hance the utilization and development of

RES.

Uncertainty and utilization of “old batter-
ies” may cause opposition. Hence, citizen
engagement and guidance are vital, as
are “change agents” — people and organ-
izations acting as early adaptors in utiliz-

ing 2nd |ife batteries.

Fast moving technological development
and emerging smart energy innovations
push forward the utilization of 2nd life

batteries.

Batteries and large-scale storage solu-
tions require large investments and have

long payback periods.

Fire safety regulations have to examined
and secured, concerning 2nd life battery

utilization in building applications.
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2. Transition Track #3: Smart e-Mobility Sector:

From the T.T. #3’s two solutions, Smart solar V2G EVs charging and Innovative
mobility services for the citizens, Gothenburg concentrates on the latter, since
the city’s EV charging infrastructure and EV pool size is not yet comprehensive

enough for large scale V2G solutions.

Gothenburg’s innovative smart mobility solution is called EC2B, i.e. Easy to Be.
EC2B is built on Mobility as a Service concept, aiming to combine seamlessly the
use of private vehicles, shared vehicles, bicycles and public transport, in order to
be able to provide functioning and user-oriented services and unbreakable mo-
bility chain. The emphasis is on e-mobility - EVs, e-buses and e-bikes. EC2B
strives to utilize mobility management elements, supported by enhanced ICT
solutions. Information services from service provides to end-users is a precondi-
tion to EC2B. Gothenburg’s primary objective is to reduce CO, emissions by
80-90% by 2035, and to have the city’s traffic totally electrified by 2030, private
and public. To succeed in achieving this ambitious goal, Gothenburg relies on
EC2B solution, invests heavily in high-performance e-bus fleet, and plans to en-
courage the EV adoption through developing charging infrastructure (Lund,

2020; Pavic et al., 2018).

EC2B aims to reduce private car ownership by offering a new mobility concept to
citizens, through a versatile and attractive alternative to car ownership. By in-
creasing the number of EVs, EC2B helps to reduce CO, emissions, as well as air
pollution and noise levels. By providing an easy access and continuous mobility
chains, by utilizing variety of transport modes, users are encouraged to exercise
more sustainable travel habits. Furthermore, EC2B aims to promote vehicle shar-
ing community approach. With car sharing, less vehicles are present in the traf-
fic, thus congestions can be mitigated. Car sharing reduces the need of parking
spaces, being a positive matter for property owners, since parking spaces and
underground garages are expensive. Thus, EC2B possesses the ability to optimize

land use (Lund, 2020; Pavic et al., 2018).



51

Despite its many positive features, EC2B does face challenges as well. The trans-
formation from private car ownership to public transport or shared mobility can
raise opposition. Mobility as a Service is not a familiar concept to public in gener-
al, requiring new ways to engage the citizens. The existence of viable business
models for all service providers involved in EC2B presents challenges. Additional-

ly, standardization requires more clarity (Lund, 2020; Pavic et al., 2018).

Gothenburg’s Smart e-Mobility demonstrations are:

EC2B for tenants in Brf Viva:
EC2B provides users alternative to car ownership, allowing easy access to a vari-
ety of transport modes, e.g. e-cars, e-bikes or public e-transport. The objective is
to enable an easy access service of continuous mobility chain in the city, regard-
less where end-users live, work or spend their leisure activities. In this demon-
stration, EC2B was implemented for tenants of 132 apartments in Brf Viva build-
ing in Gothenburg, where no private car parking is available. Versatile mobility
services and limiting car parking encourages tenants to favor more sustainable

transport habits, and to use own cars only when it is necessary.

EC2B for employees on Campus Johanneberg:

The EC2B concept was adjusted to meet the demands of the employees in the
campus area of Johanneberg, Gothenburg. In addition, by providing an easy ac-
cess to a wide range of transport options, a new function was developed within
the EC2B mobile application for the employees, allowing them to send receipts
of their travel expenses, e.g. car rental fees or public transport tickets, directly
from the application to their employer’s financial department, in order to re-
duce administrative procedures. Thus, through offering attractive options for
local business travel and commuting, employees can be less dependent on dri-
ving their own cars to work or resorting to private cars on business trips. Hence,
more sustainable transport habits can be promoted, and traffic can be reduced

in the campus area (Lund, 2020; Pavic et al., 2018).
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Gothenburg’s demonstrations, concerning the integrated solution, Innovative
mobility services for the citizens, has indicated both matters of potential and

challenging aspects, as clarified in the Table 3.
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Table 3. Matters of potential and challenging aspects of Gothenburg’s demonstrations
of the solution, Innovative mobility services for the citizens (Lund, 2020; Pavic et al.,

2018).

Matters of potential:

Challenges:

The developing digitalization advances
EC2B, e-mobility, and the required infra-

structure.

MaaS is a new phenomenon for con-
sumers and service providers, which can

cause challenges.

Maas can aid in the need to reduce park-
ing slots and volume of city’s traffic.
Property developers/owners can cut
costs on parking places, improve their
real estates’ value, or develop their land

use.

The role of public transport in MaaS is
still unclear in Swedish legislation, thus
hindering the joining of public transport

authorities in Maas.

MaaS can enable new business models,
opens new revenue streams and creates

new jobs.

To find a business model, which would
work for all the parties involved in the
Maa$ solution is a challenge. Lucrative
financial end-result for all parties requires
collaborated, well-planned and thor-

oughly executed service.

More and more people are concerned
about the environment, and doing their
part for sustainability and utilizing green
solutions. EC2B enables an easy way to
be environmentally friendly. In addition,
Maas has great environmental impacts. It
reduces CO2 emissions, decreases the
traffic, and improves the attractiveness

and safety of the city.

Private car ownership and clinging atti-
tudes for the issue, require time and pa-
tience to change. Citizen engagement,
functioning EC2B MaaS model and
change agents can have an encouraging

effect.

MaaS and alternative ways of mobility
reduce individuals costs, concerning own

an own car.
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5.2. Nice, France - T.T. #2 and T.T. #3 Solutions and Demonstrations

Transition Track #2: Utilizing 2nd life batteries for smart large scale storage

schemes:

Flexible electricity grid networks, including PV, 2nd life batteries and lighting
network:

The demonstration integrates local RES with decentralized battery storage (1st
and 2nd [ife batteries) and EV charging infrastructure (both public and private)
under a common Local Energy Management System. Objective has been to test
different operation strategies of such connected assets, focusing on the delivery
of flexibility services to the power grid. The demonstration is organized by vari-
ous service providers, from the management of a single asset to the whole dis-
trict scale, in order to achieve functioning and reliable interface with energy ser-
vice markets via aggregation. The demonstration performs as a pilot for the elec-
tricity industry, serving as a model for further development and replications.
Considerable amount of knowledge has been gained from the research, which
has been shared with the key stakeholders to further the multifaceted debate
concerning smart local energy management systems, and enhancing the dissem-
ination, communication and replication activities (Keim et al., 2019; Attour et al.,

2019; Barre et al., 2018).

Utilizing 2nd life batteries for smart large-scale storage schemes, including PV,
EVs and V2G):

The objective has been to cross-compare the performance of 1stand 2nd |ife BESS
for similar applications within the building sector. Both battery types, 1st life
BESS of the EVs via V2G charging poles, and the 2nd life BESS stack, has been
used to provide stationary BESS based energy services within the IMREDD smart
building block and in Nice Méridia’s Palazzo Meridia positive energy buildings. By
using similar BESS capacities, batteries’ performance and behavior has become

more easily comparable.
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IMREDD and Palazzo Meridia have demonstrated collective self-consumption at
building scale, which is a new concept for commercial and residential customers
in France. Part of the buildings’ energy efficiency strategies have been to utilize
RES integrated to 2nd life batteries. The demonstration of the performances of
mentioned BESS technology, in providing building and grid ancillary services, e.g.
in optimizing self-consumption and enhancing PV’s efficiency. The positive re-
sults from Palazzo Meridia and IMREDD has provided a better assessment of
BESS’ integration possibilities into the energy system (Keim et al., 2019; Attour et
al., 2019; Barre et al., 2018).

Nice’s demonstrations, concerning the integrated solution, Utilization of 2nd life
batteries for smart large scale storage schemes, indicated both matters of poten-

tial and challenging aspects, as clarified in the Table 4.
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Table 4. Matters of potential and challenging aspects of Nice’s demonstrations of the
solution, Utilizing 2nd life batteries for smart large-scale storage schemes (Keim et al.,

2019; Attour et al., 2019; Barre et al., 2018).

Matters of potential:

Challenges:

The technology for utilizing 2nd life batter-
ies is available. Additionally, ICT required
hardware and software is available for
high performance monitoring and control

activities.

Currently, too many protocols and stand-
ards hinder the forming of a uniform op-
erating model between different actors,
making management and control of plat-
forms is difficult. In addition, regulation on
BESS and the utilization of 2nd life batter-

ies is not on mature level yet.

Several EU driven policies and reforms
and the French law promote advance-
ment of decentralized energy systems
and increased utilization of RES. Addi-
tionally, the development of BESS is con-
sidered important, thus 2nd life battery

utilization as part of it.

Currently, fully operating V2G model is
not allowed in France’s Public Distribu-
tion Grid. It is only allowed when operat-
ing behind private property, and as
defined by French grid code. Hence, the
development of pervasive V2G utilization
presents challenges for both French pub-
lic and private e-mobility services, limit-
ing also the utilization of 2nd life batteries

in V2G solution.

The RES related projects among neigh-
borhoods are considered to improve the
approval of RES utilization and related

technologies, including 2nd life batteries.

France’s energy market design, and taxing
of grid transport and distribution, does
not favor consumers for becoming
prosumers. Currently, the minimal energy
bid size is IMW, preventing smaller play-
ers and consumers entering the e-mar-

ket.
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There is high potential and anticipation
for various new business models and
markets, concerning RES, BESS (including

2nd |ife batteries) and V2G.

It is somewhat unclear by the French law,
that what does the concept “energy self-
consumption” consist of? Including also
EVs’ V2G operating model, and usage of
BESS.

RES, BESS and EV technologies utilization
aid in carbon footprint reduction, and
raising energy efficiency and grid flexibil-

ity.

There are various contractual and finan-
cial issues to be sorted out between all
parties involved. Commercialization and

financial viability are not yet on mature

level for the utilization of 2nd life batter-

ies.

Non-renewable energy sources are still
too lucrative option for the energy mar-
ket. Carbon taxes need to be on a higher
level, other tradable carbon bonds must
become more effective and promotion of

RES has to increase.

2. Transition Track #3: Smart e-Mobility Sector:

* Smart solar V2G EVs charging:
The solution relies in strong smart charging infrastructure development. Smart
charging integrates EVs, charging stations, intelligent charging solutions, and
charging operators’ share data connections. Smart charging monitors and man-
ages the use of the charging devices, to optimize electricity’s consumption and
flow direction (V2G). By monitoring a large pool of charging stations equipped
with fast charging points, which can belong either to public or private networks,
more flexibility can be provided to the public electricity grid. This can happen by
implementing power shaving and shifting through unidirectional controlled

charging (V1G), or by other energy services such as using EVs’ batteries as ener-
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gy reserves for grid flexibility. The integration of such strategies can result in the
optimization of the total energy consumption, and possibly generate a new rev-
enue stream for EV charging infrastructure (EVCI) operators and owners (Keim &

Tawil-Jamault et al., 2019; Attour et al., 2019; Barre et al., 2018).

Innovative mobility services for the citizens:
The aim has been to optimize the operation of a fleet of shared EVs by coupling
the booking, and forecasting the utilization of the EVs to the smart charging
management of the EVCI. This has resulted in higher utilization rate of the
shared EVs, hence increasing the turnover received from the vehicles. Addition-
ally, it has increasing the efficiency ratio between the charging stations and the
fleet of EVs. The demonstration has indicated that optimizing the use of shared
vehicles can have a favorable effect on the reliability and efficiency of the im-
plementation of smart charging services (Keim & Tawil-Jamault et al., 2019; At-

tour et al., 2019; Barre et al., 2018).

Nice’s demonstrations, concerning the integrated solutions, Smart solar V2G EVs
charging, and Innovative mobility services for citizens, indicated both matters of

potential and challenging aspects, as clarified in the Table 5.
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Table 5. Matters of potential and challenges of Nice’s demonstrations of the solutions,
Smart solar V2G EVs charging, and Innovative mobility services for the citizens (Keim &
Tawil-Jamault et al., 2019; Attour et al., 2019; Barre et al., 2018).

Matters of potential:

Challenges:

The technology for the solutions is avail-
able. Multiple of EV and charging infra-
structure and solution providers exist,

and ICT solutions are on mature level.

Monitoring and control aspects of char-
ging need to be investigated and tested
fully for the services’ utmost reliability

and attractiveness.

Based on the previous point, smart char-
ging services can proceed to further de-
velopment, initiation of services, and

eventually to commercial exploitation.

EVs booking prediction (where and
when), and free-floating operation (EV
chargeable both in public and private
charging stations anywhere in the city)
are not mature yet and need to be tested
further. Additionally, regulations for free-
floating charging require thorough exam-
ination and work between key stakehold-

ers.

The French law supports the develop-
ment of e-mobility and its related techno-
logies to be exploited, in order to reduce
emission and pollution levels, and pro-
mote higher environmental, economic

and social sustainability.

V2G operating model is not allowed cur-
rently on the Public Distribution Grid,
only when operating behind private
property, and as defined by French grid
code. Hence, the development of V2G
utilization is very challenging for both
French public and private e-mobility ser-

vices.

Smart charging technologies promote
various charging schemes: standard,
semi-fast and fast charging, providing dif-
ferent residential areas or property-own-
ers options to find optimal charging solu-

tion.

The energy market design, and taxing of
grid transport and distribution do not fa-
vor consumers becoming a prosumers.
Currently, the minimal energy bid size is
1MW, preventing smaller players entering

the e-market.
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Better and wider charging infrastructure
network reduces the hindering factors for

EVs’ adoption.

User acceptance may be low for share-
able EVs, and particularly for V2G solu-
tions, which technology and charging
schemes may not only be challenging for

consumers but also for service providers.

Carbon footprint and pollution reduction,

lower noise levels.

More incentives related to EV pricing,
V2G schemes, and shared EVs operating
models, (e.g. prices, taxing, tariffs) are
needed for consumers to start purchasing
EVs instead of IC engine cars, or resort to

car sharing.

EV batteries enable V2G operating model,
enabling new business and revenue gen-
eration models. V2G schemes aid power
systems through distributed energy stor-
age capabilities, and via capability to par-

ticipate in enhancing a grid’s flexibility

and reliability through ancillary services.

Energy market still favors cheaper non-
renewable energy sources. Carbon taxes
need to be on a higher level, other trad-
able carbon bonds must become more
effective, and promotion of RES has to

increase.

5.3. Utrecht, Netherlands — T.T. #2 and T.T. #3 Solutions and Demonstra-

tions

1. Transition Track #2: Utilizing 2nd life batteries for smart large scale storage

schemes:

* Solar V2G charging points for EVs, utilizing 2nd life batteries:

The City of Utrecht has utilized 18 smart solar V2G charging stations for EVs in its
demonstration district. The charging points are interconnected with PV-systems.
These bi-directional charging stations provide the infrastructure both motivation

and financial interest in integration of smart energy management. The demon-
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stration are carried out by combining sustainable transport, and maximizing self-
consumption, thus enabling grid stress reduction, and unlocking the financial
potential of grid flexibility. By combining the EVs’ and e-buses’ V2G capabilities
with stationary 2nd life batteries, and receiving support by open ICT for intercon-
nection, performance monitoring and new information services for aggregators,
grid operators, municipality and citizens, the demonstration in the selected ar-
eas of Utrecht has been successful (Van der Ree et al.,, 2019; Harmelink et al.,

2019; Peekel et al., 2018).

Solar V2G charging points for e-buses, utilizing 2nd life batteries:

The City of Utrecht has utilized 10 smart solar/wind V2G charging stations for e-
buses in the demonstration district of Westraven. The e-bus charging stations
provide valuable monitoring and research data for the ambition to integrate
smart energy management, thus being a reliable test bed of how large charging
powers can be connected to the grid most optimally (Van der Ree et al., 2019;

Harmelink et al., 2019; Peekel et al., 2018).

Stationary storage in apartment buildings:

The City of Utrecht has demonstrated district-wide additional stationary storage
in 12 apartment buildings. The storage consists of 2nd life batteries, which are
interconnected to primary V2G-storage and PV-systems by ICT. The 2nd |ife bat-
teries are able to provide a significant contribution, by making the grid more sta-
ble and resilient. In addition, the system has provided an important component
for the city-wide virtual power & storage plant, which can provide sustainable
energy and promote e-mobility, thus causing notable reductions in CO; emis-
sions, and enhance flexibility services on low and medium tension levels (Van

der Ree et al., 2019; Harmelink et al., 2019; Peekel et al., 2018).

Smart energy management system:
The demonstration district’s energy management system (EMS), with the dis-
trict’s ICT platform have been able to prove interconnection and monitoring at

district scale, thus allowing the deployment of the Universal Smart Energy
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Framework (USEF), i.e. the business model concerning the value of flexibility.
The USEF smart EMS has been able to assess the value of the flexibility delivered
at low and medium tension grids levels, to the transmission system operator
(TSO) and to the distribution system operator (DSO) (Van der Ree et al., 2019;
Harmelink et al., 2019; Peekel et al., 2018).

Utrecht’s demonstrations concerning the integrated solution, Utilizing 2nd life
batteries for smart large-scale storage schemes, indicated both matters of po-

tential and challenging aspects, as clarified in the Table 6.
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Table 6. Matters of potential and challenges of Utrecht’s demonstrations of the solu-
tion, Utilizing 2nd life batteries for smart-large scale storage schemes (Van der Ree et
al., 2019; Harmelink et al., 2019; Peekel et al., 2018).

Matters of potential:

Challenges:

The utilization of 2nd [ife batteries can ex-
tend the batteries lifetime with additional
10 years, thus delaying the need for re-
cycling or disposal, thus opening possible

new venues for revenue generation.

Business models and investments for 2nd
life battery applications are not yet eco-

nomically viable.

Longer life for EV batteries, with their first
and 2nd life, will force the price of new

batteries to decrease.

More knowledge and research is required
about the utilization of 2nd |ife batteries,
potential solutions and monitoring tac-

tics.

Circular economy is a priority matter for
the EU, and 2nd life battery utilization and
the possible benefit that can be gained
from them, can enhance the circular eco-

nomy’s success.

More knowledge about regulations, in-
centives, taxing and management is re-

quired.

The utilization of 2nd |ife batteries can aid
in reduction of CO, emissions, and help
to increase the use of RES with greater
efficiency, thus helping in better grid flex-
ibility and reliability.

Utilizing used batteries can face opposi-
tion, e.g. due to safety issues and issues
concerning attitudes. Guidance and end-

user engagement is required.

2. Transition Track #3: Smart e-Mobility Sector:

* V2GEVs:

Utrecht’s car sharing system We Drive Solar has been demonstrated in the city’s
demonstration district. Fourteen solar powered V2G EVs are in use. Additionally,
the city’s demonstration site, apartment building block Bo-Ex, purchased four e-

vans for maintenance and service use. By and large Utrecht’s IRIS demonstra-
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tions has served as a living lab and a catalyst for fast upscaling of smart energy
and mobility management for the whole city of Utrecht. Bidirectional charging
infrastructure’s development for the whole city has started. Once ready, it will
enable large-scale V2G smart charging. We Drive Solar is able to provide a sus-
tainable alternative mode of transport for the IRIS district residence. Additional-
ly, it aids in NOx, fine particular matter, CO and CO; emissions reduction. More-
over, the batteries of the shared EVs contribute to smart energy management,
combining sustainable transport with optimal self-consumption, thus reducing
grid stress, and unlocking the financial value of grid flexibility (Van der Ree et al.,

2020; Harmelink et al., 2019; Peekel et al., 2018).

V2G e-buses:

The City of Utrecht utilizes 10 smart solar V2G e-buses. The e-buses and their
charging stations will provide a green mode of public transport for the IRIS dis-
trict residents, and reduce emissions. In addition, the e-buses have generated
large amounts of research data for the ambition to integrate smart energy man-
agement, and enabled testing of how large charging powers can be best operat-
ed with the grid (Van der Ree et al., 2020; Harmelink et al., 2019; Peekel et al.,
2018).

Utrecht’s demonstrations concerning the integrated solutions, Smart solar V2G
EVs charging, and Innovative mobility services for the citizens, indicated both

matters of potential and challenging aspects, as clarified in the Table 7.
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Table 7. Matters of potential and challenges of Utrecht’s demonstrations of the solu-
tions, Smart solar V2G EVs charging, and Innovative mobility services for the citizens
(Van der Ree et al., 2020; Harmelink et al., 2019; Peekel et al., 2018).

Matters of potential:

Challenges:

Increasing number of EVs in the traffic
will reduce CO; emissions, improve local

air quality and decrease noise levels.

To engage citizens to use We Drive Solar
service requires guidance and active en-
gagement. It can be a challenge trying to
change one’s habit away from car owner-
ship, to start promoting car sharing and

public transport instead.

Car sharing enables the City of Utrecht to

develop low-traffic districts.

The education and income level of the
population has an effect. More highly
educated and with higher income indi-
viduals are prone to be more environ-
mentally aware, than individuals with

lower income and educational levels.

EV batteries enable V2G operating model,
which can aid power systems through
distributed energy storage capability, and
via participating in grid enhancing flexibil-
ity and reliability services such as peak
shaving, load shifting etc. Thus, new
business and revenue generation models

can emerge.

V2G operating model needs to be studied
thoroughly and piloted properly before
successful, safe and profitable service can
be initiated. Wide stakeholder involve-

ment is required.

The City of Utrecht provides various in-
centives to promote car sharing systems,
e.g. attractive parking licenses, lower
parking norms and continuously develop-

ing the MaaS concept for higher quality.
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6. Finland’s National Climate and Sustainable Mobility Goals

In 1994, Finland signed the United Nation’s agreement on necessary actions to be tak-
en against climate change. Three years later the Kyoto protocol, i.e. United Nations’
Framework Convention on Climate Change, was ratified. Its goal was to pledge the in-
dustrialized countries and their economies in the transition to restrain and demote

greenhouse gas (GHG) emissions, honoring the agreed individual climate targets.

In 2015, Finland signed the Paris Agreement, which strives to enhance the measures
taken globally against climate change, in order to prevent the global temperature rising
over 1.5 - 2 Celsius degrees in the 21st century. In 2016, the Government of Finland set
the national energy and climate strategy for 2030, which is regulated by the Ministry of
Environment. The strategy has to meet the set goals and requirements of the Finnish
Government’s energy and transport policy. The policy’s main objective is to reduce the
GHG emissions by 40% by 2030, and 80% by 2050 from the 1990 level. The share of
RES out of the nation’s energy production is aimed to be increased by 27% before
2030. In 2005, Finland’s total carbon footprint was 33,7Mt CO,. The new aim set in
2016 determined 2030’s carbon footprint to be 20,6Mt CO, (The Government of Fin-
land, 2016; Ministry of the Environment, 2017).

The Government of Finland has set decisive national goals to reduce traffic caused
emissions by 50% by 2030 from the 2005 level. Additionally, the goal to increase RES’
share of transport’s total energy consumption has been set at 20%. To achieve these
goals, the emissions from traffic need to be reduced by 50% by 2030, signifying a total
effect of 3,1Mt CO,. Currently utilized transport fuels need to be replaced with less pol-
lutant renewable options, e.g. hydrogen, biofuels and synthetic fuels, or by heavily in-
creasing alternative power mean vehicles’, i.e. EVs, share compared to internal com-
bustion engine powered vehicles. Finland’s aim is to have minimum of 250.000 EVs in
traffic by 2030 (The Government of Finland, 2016; Ministry of the Environment, 2017;
Pastinen & Vallenius, 2018).
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Regardless the number of EVs in traffic, vehicles and the whole transport system needs
to improve their energy efficiency. The transport system needs to go through transfor-
mation by inventing new services and ways of mobility, and by utilizing digitalization
and ICT. This includes Mobility as a Service concept, developing infrastructural endeav-
ors jointly with traffic, and investing extensively in sustainable mobility: public trans-
port, cycling and walking. Additionally, the energy efficiency of mobility needs to
evolve, so it is able to reach the national goals. Hence, adopting new motor and power
technologies, and reducing the weight of the vehicles, are essential measures to be
taken in account (The Government of Finland, 2016; Ministry of the Environment,

2017; Enell-Nilsson et al., 2019; Kiiskila & Ristamaki, 2019; Pastinen & Vallenius, 2018).

In Finland, approximately 60% out of all ground traveling takes place by utilizing a pri-
vate car. Bus transportation constitutes of 5%, and all rail traffic (trains, trams) only 2%.
In comparison, 22% of the Finnish people prefer walking to motor transport, and 8% of
people like to travel by a bicycle. As for the purposes of using different means of
ground travelling, 25% takes place for occupational purposes, 35% for leisure activities,
30% for shopping and errands, and 10% for acting as a driver for someone else. The
share of sustainable mobility (walking, bicycling, public transport) trips out of all
ground travel trips is 15%, and from ground travelling in general 37%. Approximately

3% out of all public transport trips are connected trips (Pastinen & Vallenius, 2018).

The most relevant Finnish laws ruling over transport and mobility, and their effects on
environment, are the climate law (609/2015), the environmental protection law
(527/2014), the vehicle law (1090/2002) and the public transport law (869/2017). With
these laws, the Finning Government aims to secure sustainable and environmentally
aware development of transport and mobility, and the technology and services in-
volved. Additionally, the laws strive to ensure the ability to reach the climate goals set
by the EU and the Finnish Government. Furthermore, they aid to fight against climate
change, reduce emission levels, and to advance the utilization of new technologies of
private motoring and public transport (Ministry of the Environment, 2014 & 2015; Min-

istry of Transport and Communications, 2003 & 2017).
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7. Vaasa’s Decarbonization and Sustainable Mobility Goals

Vaasa has committed steadfast to the climate work and the Government of Finland’s
set decarbonization goals. Vaasa’s City Council set a target for the city in December
2019, to achieve carbon neutrality by 2030. Other objectives in Vaasa’s Energy and Cli-

mate Program 2019 are:

* Improving energy efficiency by saving energy and intensifying its use.

* Increasing the use of renewable energy sources.

* Developing efficient energy services for neighbourhoods, constructors and ren-
ovators.

* Buying only green electricity for public buildings.

Sustainability and energy efficiency form the framework for Vaasa’s environmental and
mobility goals. Smart mobility has high importance in Vaasa’s city planning and future
goals, since it aids to advance the wellbeing of the citizens, population growth, em-
ployment, and economic growth. The transition process to reach carbon neutrality by
2030 requires fast and decisive measures, without forgetting to secure the future for
Vaasa’s citizens, industry and services. Hence, innovations, research and development,

new business concepts, and collaboration between key stakeholders are required.

In addition, energy efficiency and becoming energy self-sufficient are in the City of
Vaasa’s interest. To accomplish these goals, the use of renewable energy sources (wind,
solar, waste and thermal heat) is planned to be increased, and Vaasa’s residential ar-
eas’ energy consumption to be reduced. By doing so, the GHG emissions can be cut
down by 70% before 2030. Currently the biggest causes of CO, emissions in Vaasa are
the district heating (DH) 31%, traffic 29%, separate heating 17%, and the energy con-
sumption of the inhabitants 13% (The City of Vaasa, 2016 & 2019; Enell-Nilsson et al.,
2019; Siirila, 2019; Sweco ymparistd Oy, 2014).

Substantial cut downs to the emissions caused by the traffic, presents a challenge for

Vaasa, since private car ownership level is very high in the city’s region. Most of Vaasa’s
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inhabitants commute, shop and go to their leisure time activities by driving an own car.
Moreover, public transport needs further development from its current level. Shifting
to use solely public transport or other means of sustainable mobility, are influenced by
encouragement to change one’s habits and attitudes, providing an easy access to rele-
vant information concerning mobility, and improvements done to the public transport
services and mobility chains. In fully functioning mobility chain, a person is able to
travel any distance in a city by using public transport with e.g. bicycles, buses, e-scoot-
ers and rental EVs, without having to spend excess time of searching next mean of

transport (The City of Vaasa, 2016 & 2019; Enell-Nilsson et al., 2019; Siirila, 2019).

The emissions from the traffic are planned to be reduced by 90% by 2030. Hence, the
development and utilization of public transport has to be improved considerably, with
heavier investments in sustainable bus alternatives - electric and bio. Additionally, the
bus routes need development, in order to meet efficiently Vaasa’s mobility needs and
citizens’ requirements for public transport services. In 2017 there were 1.2 million
travels done by public transport in Vaasa. The goal is to quadruple the number of trav-
els to 4.8 million travels by 2035. Furthermore, Vaasa is developing its cycling in-
frastructure and services with specialized bicycle routes and lanes, city bike services,
and ensuring the cycling routes are safe and cleared of snow during winter months

(Enell-Nilsson et al., 2019; Siirila, 2019; Lindeqvist et al., 2020).

Sustainability and carbon footprint reduction are not only the city’s goals. The organi-
zations need to do their own share by encouraging their employees to commute by
using sustainable mobility forms: public transport, cycling, walking, and car sharing.
The climate actions and achieving the set goals require planning, coordination and co-
operation between the City of Vaasa, the local organizations and institutions, and citi-

zens of Vaasa.

The biggest drivers for Vaasa’s sustainable transport and smart mobility development
are based on its vast energy technology expertise, urbanization trend and new possibil-
ities provided by new technologies. New technical solutions and appliances, digitaliza-

tion, ICT and data analytics can reduce traffic congestions, thus causing fewer accidents
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and reducing emissions. As a result, the environment becomes cleaner, and the general
health of the people improves. Sustainability, new technologies of energy production,
RES and mobility solutions require heavy investments and commitment in decision-
making. Cooperation and clear roles in economy and policies need to be drawn. Re-
quired technologies are available, the biggest challenge is how to implement new
technologies most efficiently to already existing system, or how to construct a com-
pletely new system, e.g. new smart city district, and connect it to old city infrastructure
(Enell-Nilsson et al., 2019; Siirild, 2019; The City of Vaasa, 2016 & 2019; Sweco ym-
paristd Oy, 2014).

Vaasa attempts to develop its mobility jointly with its infrastructure development.
Hence, the results can be expected to be the most robust and enduring, and being able
to stand future development endeavors. Currently there are several large-scale ongo-
ing or near-future planned infrastructure constructions, which require major changes
in existing transportation system, and in the design of completely new transport solu-
tions. Vaskiluoto district’s reconstruction with construction of a local energy company’s
new facilities and Vaasa harbor’s enlargement are undertakings, which will take several
years and modify the districts transportation requirements and infrastructure anew.
Similar kind of large construction, where newly planned city districts’ construction
takes place jointly with designing and constructing the transportation system, is the
district of Ravilaakso. Low energy district Ravilaakso will be constructed in 3-4 phases,
starting in 2022, providing significantly lower energy consumption housing solutions
and district energy storage system, which helps to achieve higher energy efficiency.
Additionally, the Ravilaakso district will have readiness for e-mobility, with adequate
charging infrastructure and incentives for car sharing (The City of Vaasa, 2016; Sweco

ymparisto Oy, 2014; Tenho et al., 2018; Kurikka-Oja & Kumpula, 2015).

7.1. The Covenant of Mayors

In 2016, Vaasa was accepted in the EU’s The Covenant of Mayors for Climate and Ener-
gy program. The program aims to gather together thousands of local governments

around the European Union states and outside Europe, which are committed to im-



71

plementing the EU’s climate and energy objectives. The program was initiated in 2008,
and over the years, the Covenant of Mayors has grown to be a global program. Thus
far, over nine thousand local and regional authorities from 53 countries around the
world have gotten involved. The Global Covenant of Mayors exploits the experience
gained over the past eight years in Europe, and is building on the key success factors of
the initiative: the bottom-up governance, the multi-level cooperation model, and the
context-driven framework for action. The Covenant of Mayors program is directly
linked to the EU’s climate and energy policy framework (The Covenant of Mayors,

2020).

Each Covenant member has to commit to a Sustainable Energy and Action Plan (SEAP)
to be involved in the program. The essence of SEAP are the Baseline Emission Invent-
ory, and the Climate Risks & Vulnerability Assessment, which aid in monitoring and
steering the actions of sustainability for reducing the carbon footprint. SEAP’s primary
objectives by 2050 are intense carbon footprint reduction, enhancing the capability to
adapt to the climate change’s impacts, and securing people’s access to reliable, afford-

able and sustainable energy. (The Covenant of Mayors, 2020).

7.2. Sustainable mobility plan, MovelT project, and BothniaTM project

The Finnish government has set a national target to reduce emissions from
traffic by 50% before 2030 from the 2005’s level. Based on national policies, the City of
Vaasa decided on Sustainable Mobility Plan in 2019. The plan, implemented together
with Traficom and WSP Finland Qy, reviews Vaasa’s strategies related to transport, mo-
bility and related infrastructure. It aims to develop guidelines and solutions for means
of daily sustainable transport in the city, and clarify the measures to be taken with
traffic, so that Vaasa can achieve carbon neutrality before 2030. The Sustainable Mobil-
ity Plan (2019) defines the vision, objectives, interventions and reporting system for
mobility in Vaasa, thus providing vital information about how and when the IRIS solu-
tions could be replicated in Vaasa. In addition, the program has strong focus on citizen

engagement (Enell-Nilsson et al., 2019; The City of Vaasa, 2019; Siirild, 2019).
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However, the development of the Sustainable Mobility Plan was preceded by
“Vaasa Arena for Change” workshop, both illustrated in the Figure 5 with other related
projects connected to sustainable transport in Vaasa. The workshop was part of by
BothniaTM project, funded by the European Regional Development Fund
(ERDF), the City of Vaasa and the University of Vaasa. One main objective of the Both-
niaTM project was to identify stakeholder and citizen engagement’s importance for the
community’s sustainability development. Additionally, the project concentrated on in-
volvement and influence of change agents for a community, in achieving the sustainab-
ility goals. This activity can be referred to the IRIS integrated solution Community Build-

ing by Change Agents demonstrated in Utrecht (The City of Vaasa, 2019; Enell-Nilsson
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Figure 5. Vaasa’s strategies, policies, plans and programs related to carbon neutrality
goals and sustainable transport (Onkalo et al., 2021).

The Vaasa Arena for Change workshop generated the following
key notifications about the mobility objectives best serving the citizen’s desires:

* Public transport usage to be quadrupled by 2035.

* The cycling modal share to be tripled by 2035.

* Traffic emissions to be reduced by 90% by 2035.

* Reduce CO; emissions.
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* Low-carbon solutions should receive the highest priority in infrastructure de-
velopment.

* Increase the utilization rate of a shared cars and public transport, and increase
their revenues.

* Reduce the number of cars in public spaces.

* Reduce the need to build expensive underground parking spaces and street
level parking.

* Coordination of planning to be enhanced considerably.

* Sustainable commuting/mobility to be placed on organizations’ agenda.

(Enell-Nilsson et al., 2019)

Additionally, the Sustainable Mobility Plan includes several measures for years
2019-2022, indicated in the Table 8, to improve services and infrastructures for cyclist
and pedestrians, which are outside the IRIS implementation and replication model.
However, there are several plans to improve the services, technologies, infrastructure,
and mobility solutions, which can be linked directly to the IRIS T.T. #3 integrated solu-
tions, enabling lessons learned from the LH cities’ demonstrations, and replication in
Vaasa’s environment, clarified in the Table 8. Some of the Sustainable Mobility Plan’s
activities have indirect IRIS replication plan connections, since those activities support

or enhance Vaasa’s replication plan’s integrated solutions.
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Table 8. Planned activities of Sustainable Mobility Plan, which have either direct or in-
direct link to the IRIS replication plan (Enell-Nilsson et al., 2019; Onkalo et al., 2021).

ing winter season for
light traffic

network for cycling and
pedestrians

Sustainable Mobility Imple- Description INDIRECT IRIS
Plan Activity mentation replication pos-
planned sibility
Development of the city | 2019-2021 | Support innovative initiat- | T.T. #3, IS 3.2
centre for pedestrians ives. Increasing pedestrian | MaaS
zones in the city centre
Development of safety, |2022 Functioning network in- | T.T. #3, 1S 3.2
accessibility and quality cluding green zones Maa$S
related to pedestrian
zones and cycling paths
Project to improve ex- 2020-2030 | Improvement of existing | T.T. #3,1S 3.2
isting cycling paths cycling paths MaaS
Planning of new cycling | 2021 - Update the city centre TT. #3,1S3.2
routes and priorities 2022 plan, pilot for new cycling | Maa$S & Citizen
path in the city centre engagement T.T.
etc. #5
Specific budget for cyc- | 2020 Financing plan mobility TT.#3,1S3.2
ling MaaS & mobility
chains
Development of parking | 2020-2021 | Plan on parking facilities | T.T. #3,1S 3.2
facility plan for cycling Maa$S & mobility
chains
Improve conditions dur- | 2020-2021 | Service levels and main TT. #3,1S3.2

Maa$S & mobility
chains

munication on sustain-
able mobility

goals, stakeholders,
budget

Sustainable Mobility 2019 Strategic document based | T.T. #3, 1S 3.2
Plan on the City Strategy Maa$S
Annual plan for com- 2020 Plan for communication, | Co-creation and

citizen engage-
ment TT. #5 & TT.
#3,1S 3.2 MaaS
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Development of public | 2021 Improve services, routes, | T.T. #3,1S 3.2
transport smart solutions, connec- | Maa$S
tions etc.
Procurement or sub- 2021 Implement EU decisions | TT. #3,1S3.1 e-
sidies to e- or biogas on procurement buses and char-
buses ging systems &
TT.#3,1S3.2
Improving public image |2020 Co-creation with citizens, | Co-creation and
of public transport service provides citizen engage-
ment T.T. #3, 1S 3.2
MaaS & T.T. #5 Cit-
izen engagement
Digital services for mo- | 2020-2021 | Real time service on pub- | Services for smart
bility lic transport, piloting plat- | mobility T.T. #3, IS
form for different ap- 3.2 Maas,
plications, payment sys- Data platform T.T.
tems and services related | #4, IS 4.3 Services
to mobility for Mobility
Plan to develop mobility | 2019-2020 | Development of hub for | T.T. #3, 1S 3.2
hubs mobility services and
connections to districts
Raising awareness of 2022 Awareness, co-creation Citizen engage-
employers and private and engagement to facil- | ment TT. #3, IS 3.2
enterprises about sus- itate mobility plans for & T.T. #5
tainable mobility private sector employers
Raising awareness of 2022 Subsidies and guidance to | Services for smart
smart energy and mo- housing associations for mobility, and cit-
bility solutions sustainable mobility and | izen engagement
energy efficiency (EVs, TT.#4,1S43 & TT.
charging infrastructure, #3,1S3.1&3.2
shared vehicles, e-bikes,
mobility services)
Data collection 2019 Data collection and sys- Data platform,

tem available on city
web-site

and smart char-
ging TT. #4,15 4.3
& TT. #3
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Pilot on public-private 2022-2027 | Improve quality of hous- | T.T. #2, T.T. #3, IS

partnership in new ing areas and related 3.1&3.2,TT. #5
housing construction outdoor spaces, EVs,
projects shared vehicles, e-bikes,

charging, mobility ser-
vices. Model to measure

benefits
More efficient and flex- | 2020 Co-operation and easy TT.#3,1S3.2 &
ible use of public access to public spaces. Citizen engage-
spaces Shared parking places ment T.T. #5
Participatory planning 2021-2022 | Co-creation and engage- | Citizen engage-
and budgeting ment of citizens for plan- | ment T.T. #3 & T.T.
ning and budgeting #5

In addition, the City of Vaasa, in collaboration with Vaasa Region Development Com-
pany VASEK, the University of Vaasa, and the Center for Economic Development,
Transport and the Environment (ELY), implemented MovelT -
Low Carbon Dioxide Transport Services in the Vaasa Region by 2030 project in
2019. The project was funded by Pohjanmaan liitto through European Regional Devel-
opment Fund (EAKR), together with local ELY, the City of Vaasa and the Municipality
of Mustasaari. MovelT prepared an analysis of the current situation, and
vision for the public transport and other mobility solutions in Vaasa region. The focus
of the project report is Mobility as a Service, and the development of
the mobility chains in the Vaasa region. Thus, the report provides a baseline for most
of the issues related to mobility in IRIS Transition Track 3, Smart e-Mobility sector (Siir-

ils, 2019).

The key subjects of the MovilT project concerning Vaasa were:
* Sustainable mobility and reduction of traffic.
* Enhance cycling and walking possibilities in the city’s center and region.
* Changes in mobility’s services, digitalization and user behavior.

®* Zero and low-carbon vehicles and fuels.
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n plan

T.T. #1: Smart Renewables and Closed-loop Energy Positive Districts

Integrated solution

Project name

Partners

Estimated peri-
od

IS-1.1: Positive energy buildings New energy pos- | The City of Vaasa, local TBA
(Nice: Palazzo Meridia (self-con- Ik:-luvifd?:mi::hn:y f:;riy :rI::zI:l(JS;g)sys-
sumption, RES, BESS) & IMREDD cit cengte VaasarF: Sahkéverkko O
+ Gothenburg: Brf Viva (PV, BIPV, i A a‘r’]’
local ESS, 21 life Vaasan Séhkéé corr: !
batteries) + Utrecht: Bo-Ex (RES, ¥,
: structor etc.

Smart metering)
1S-1.2: Olympia block, The City of Vaasa, Oy TBA
Near zero energy retrofit district Ristinummi dis- | Pikipruukki Fastighets
(Utrecht: Bo-Ex) trict etc. Ab, VOAS

Vaskiluoto heat | Vaasan sdhko Oy, waste | TBA

IS-1.3: Symbotic waste heat net-
works

storage

incinerator plant owner

T.T. #2: Smart Energy Managem

ent and Storage

for Grid Flexibility

Integrated solution

Project name

Partners

Estimated peri-
od

IS-2 1: Smart Grid (pre- | Vaasan Sahko Oy, Vaas- | TBA
i ject: Sahkoverkk
Flexible electricity grid networks vious projec an ->a ovgr O,
Sundom Smart Oy, The University of
Grid) Vaasa
IS-2 2: Smart multi- Suvilahti self- The City of Vaasa, Vaas- | TBA
SR A e AT S sufficient district | an Sahko Oy, Westen-
&Ravilaakso low- (0]
heating with innovative storage avilaakso fow- | ergy Ly
solutions temperature
DH
(Gothenburg: 350 V DC building mi-
crogrid utilizing 140kW rooftop PV
installations, 200kWh
BESS + Nice: Flexible electricity grid
networks + Utrecht: V2G, smart
charging, BESS)
1S-2.3: Utilizing 2nd life batteries TBA The City of Vaasa, Vaas- | TBA

for smart large scale storage scheme
s

(e.g., Nice:

IMREDD (RES, BESS) + Utrecht: apart
ment buildings and V2G

storage schemes, e-buses, smart
charging + Gothenburg: low tem-
perature DH 45/30 system & cooling)

an sahko Oy, Vaasan
sahkoverkko Oy e-
vehicle manufacturer/-s
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Vaasan sahko Oy, Vaasan
sahkoverkko Oy, The City
of Vaasa

EC2B Ravilaakso:
EVs (fleets), car
sharing, smart
charging
schemes, Sus-
tainable mobility,
cycling, public
transport devel-
opment

Construction company,
The City of Vaasa, a
vehicle provider (TBA)

2022-2025

Vaasan sahko Oy, The

1.1,1.2,2.1,23,
3.1&3.2

an sahko Oy

City of Vaasa
TBA The City of Vaasa TBA
TBA The City of Vaasa TBA
Connection to IS | The City of Vaasa, Vaas- | TBA
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T.T. #5: Citizen Engagement

Integrated solution

Project name

Partners/Engagement

Estimated peri-
od

IS-5.4: Behaviour changing In-
formation (Nice: Public awareness
campaign Energy — School & College;
Youth & Family + Utrecht: Campaign
District School Involvement)

tion Path

and students in Vaasa
and their families,
teachers and schools’
staff

IS-5.1: TBA (relation to | The City of Vaasa, the TBA
. TTH1 University of Vaasa,
Changing everyday energy use . o L
N e R v & TTH#3 activities N9V|a, Ristinummi d.IS-
change agents) ) trict and The Olympia-
block citizens, residents
Ristinummi dis- associations,
trict, The district councils, Vaasa S
Olympia-block etlementti Association
(TBA)
1S-5.2: TBA The City of Vaasa, cit- TBA
Participatory city modelling izens
IS-5.3: Living labs Lahidlnno (Ristin | The City of Vaasa, The 2020-
(Utrecht: Co-creation in Local Innov- M GRS IR AT ERE),
a—— The Olympia- NOVIA, Ristinummi dis-
block) trict and The Olympia-
block citizens, resident
associations, district
councils, Vaasa Setle-
mentti Association
Energy Educa- The City of Vaasa, pupils | 2017-

Table 9. Vaasa’s replication plan in full (Onkalo et al., 2021).

From the Table 9, presenting Vaasa’s replication plan, one should first notice the five

different Transition Tracks, and how they are further divided into 16 integrated solu-

tions in total. From these solutions, the ones the City of Vaasa is planning to imple-

ment, or is already utilizing, are specifically marked. In addition is indicated, which LH

cities’” demonstrations are behind Vaasa’s replication plans. The second column is re-

served for Vaasa’s planned replication project in specific. The key project partners and

tentative schedule are shown in columns three and four, respectively.
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TT. #5 deals with various aspects of citizen engagement. However, citizen engagement
as an activity is considered very important aspect in the IRIS project, and therefore it
must be included in every single Transition Track’s integrated solution. Concerning
Transition Track #2’s integrated solution 2.3 Utilizing 2nd life batteries for smart large-
scale storage schemes, no designated project is visible in the Table 9. This indicates
that the City of Vaasa does not currently have plans to replicate this solution, which
still requires further investigation. Still and all, this solution will be addressed more

thoroughly later on in this thesis.

As for Transition Track #3, the integrated solutions 3.1 Smart solar V2G EVs charging,
and 3.2 Innovative mobility services for the citizens, both are of interest for the City of
Vaasa. Particularly for the IS 3.2, the City of Vaasa has various plans for replication
activities. Additionally, the IS 3.1 is of interest, although not yet feasible for replication.
However, the solution has great potential in the future, benefiting from growing EV
stock, enhancing local smart grid development, and advancing certain IRIS integrated

solutions’ development, e.g. IS 2.1, 2.3, 3.2 and 4.4 (Onkalo et al., 2021).
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9. IRIS - Replication Activities of Transition Track #2 and #3 in

Vaasa

The City of Vaasa’s strategy to achieve carbon neutrality by 2030, and the city’s Sus-
tainable Mobility plan, both have ambitions to increase sustainable models of mobility,
e.g. public transport, e-mobility and Mobility as a Service concept. These ambitions can
also be found from the T.T. #2’s IS 2.3, and the TT. #3’s IS 3.1. and 3.2 of the Vaasa repli-

cation plan.

9.1. Utilizing 2nd life batteries for smart large-scale storage schemes

Currently, there are no energy storage solutions in Vaasa applying 2nd life batteries.
While the application of 2nd life Li-ion batteries for energy storage solutions is an inter-
esting and potential concept in terms of future’s energy solutions in Vaasa area, the
limiting factor currently is the extremely low level of adoption of PHEVs and BEVs in
Vaasa, and in Finland in general. In the end of 2020, there were little over
45.000 PHEVs and approximately 9.700 BEVs in use in Finland, as shown in the Figure
6. On the national level, the adoption of hybrid electric vehicles (HEV) is still far greater
than PHEVs and BEVs.

The utilization of 2nd |ife batteries and their development into a viable market in Fin-
land, requires strong progressive development of e-cars and e-buses sold for private
and public sector, and utilization in traffic among all vehicles. Thus, eventually the stock
of 2nd life batteries will grow, and the development of their utilization can start. Other
affecting factors to non-existing utilization of 2nd life batteries are the relatively weak
development of Maa$S concept and its sustainable mobility solutions and e-mobility in
general. In addition, the scarceness of smart charging, charging infrastructure, and in-
novative solutions to exploit 2nd life batteries in smart energy solutions, e.g. intercon-
nection with RES, and battery energy storage solutions acting as energy storages for

buildings, hinder the utilization of the 2nd life batteries (Onkalo et al., 2021).
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Figure 6. PHEVs (orange & blue) and BEVs (green) in traffic in Finland 31.12.2020 (Trafi-
com, 2020).

Although 2nd life batteries for stationary applications are not applicable currently, nor in
the near future, for the City of Vaasa, such energy storage solutions do represent pos-
sibilities for Vaasa region subsequently, as indicated in the Table 10. However, currently
no plans exist to replicate second-life battery demonstrations as done in Utrecht, Nice
and Gothenburg. As the number of battery electric vehicles grows, and the supply of
2nd life batteries will increase substantially from the current level, then an implementa-
tion plan will be called for. More investigation on the subject is required, in order the

matter of utilizing 2nd life batteries to become well-grounded (Onkalo et al., 2021).
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Table 10. The matters of potential and challenges of utilizing 2nd life batteries in Vaasa

(Onkalo et al., 2021).

Matters of potential:

Challenges:

National and regional policies and goals
support measures striving for energy effi-
ciency, use of sustainable energy sources

and solutions of energy storing.

Investments in 2nd life batteries are not
yet economically viable. Without sub-
sidies, it is very challenging for new busi-
ness models for 2nd |ife battery solutions
to emerge. Legal and financial circum-

stances need to be changed as well.

Many of the international studies indicate
that the utilization of 2nd life batteries is
cheap. The expenses of the batteries

largely concern the batteries’ “first life”.

Knowledge of the utilization of 2nd life
batteries is limited and may cause preju-

dice.

The technology for the utilization of

2nd |ife batteries is available. However,
certain solutions may require more exam-
ination and research, depending on the

case.

Security issues, e.g. fire safety, concern-
ing the utilization of 2nd life batteries is of
serious concern, and require further in-

vestigation.

2nd |ife batteries have 8-10 years of capa-
city left, and are environmentally safe
and sustainable energy storage/source, if
examined properly and handled correctly.
Recycling a battery after its first life is
more expensive, and disposal may pos-

sess environmentally dangerous issues.

More regulatory framework is needed in
the utilization and trade of 2nd |ife batter-
ies, not only in national level but interna-
tionally as well. Existing regulation does
not support enough the commercializa-
tion of 2nd life batteries in wider perspect-

ive.

There are several potential and re-
searched ways of utilizing 2nd life batter-
ies: in buildings, e-mobility, MaaS and

ancillary services for the local power grid.

The market is not mature yet for 2nd [ife
batteries’ usage in most countries. More
time has to pass for EVs to increase their

share of vehicles in use.
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The utilization of the 2nd life batteries
adds more length and value for the life
cycle of a battery, which can benefit the
battery manufacturer, grid operator and

the battery owner.

The biggest hindering factors learned
from the LH cities demonstrations were
surprising. The price of the utilized 2nd life
batteries was high. Additionally, in order
to build a sufficient battery pack inside an
apartment building for its energy use,
substantial amount of work and invest-
ment was required, and the feedback
from the inhabitants was not positive.
The conclusion is that the market needs
to mature and more research and pilot

testing is necessary.
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9.2. Transition track #3: Smart e-Mobility sector

Transition Track #3’s integrated solutions are studied based on their replication possib-
ilities in Vaasa’s new Ravilaakso district, illustrated in the Figure 7. The main stakehold-
ers for the IS 3.1 Smart solar V2G EV charging, are the DSO, being responsible for the
technical infrastructure and services related to possible V2G solutions, with a company
providing the shared EVs, and the constructor companies responsible for building dis-

trict’s houses.

Figure 7. Ravilaakso replication area shown in red (Onkalo et al., 202).

IS 3.1's biggest challenges are the lack of knowledge related to consumer
behavior, and the sustainability and economic feasibility of the solutions. Currently, it is
highly difficult to identify the available EV stock in the Vaasa region. Thus, it is very
challenging to, reliably identify the exact number of EV owners capable of utilizing V2G
service, if such a service would exist. Additionally, currently only a few vehicle manu-

facturers allow V2G application, why small number of V2G enabled EVs are sold in all
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together in Finland. However, growing number of EV manufacturers are constantly de-
veloping V2G enabled EVs, and rising number of such models are being introduced to

the automotive markets at growing rate (Onkalo et al., 2021).

Moreover, is it very challenging to draw exact conclusions on what extend the local
power grid would benefit from the possible local V2G charging infrastructure, or what
kind of impact would the solution have on the durability of the EV batteries. Addition-
ally, not enough knowledge exists on what would be the true economic
benefits for the EV owners. For the IS 3.1, there is a need to improve the knowledge of
the development of the V2G solutions and services, and what are the financing options
for developing such services for a city such as Vaasa, where customer base is minimal
compared to the charging infrastructure required. There is also need to gain more

knowledge about customer behavior concerning V2G solutions.

The stakeholders of IS 3.2 Innovative mobility services for the citizens, were identified
during the Transition Arena workshop, with participants from the City of Vaasa (civil
servants and board members), the University of Vaasa, NOVIA University of Applied
Sciences, Regional Development Company VASEK, and Technology
Centre Merinova. Smart Mobility Services are considered as an opportunity to develop

new concepts, especially in densely populated urban areas, and the development

needs to involve organizations, citizens and service providers.

For Vaasa’s plan to replicate Gothenburg’s EC2B demonstration, the main challenges
are related to the sustainability of business models, and the uncertainty of human be-
havior. EC2B is based on complex agreements between different third parties, housing
developers, a platform developer and an EV provider. For EC2B in Gothenburg, the
Lighthouse partner was a company, which took an active role in supplying the share-
able EVs. The company in question may provide knowledge and technology to possible

replication partners in Vaasa (Onkalo et al., 2021).
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9.2.1. Smart solar V2G EVs charging

V2G and Smart solar charging solutions are closely linked to Transition Track #2
Smart Energy Management and Storage for Grid Flexibility, to its both integrated solu-
tions 2.1, Flexible electricity grid networks, and 2.2, Utilizing 2nd life batteries
for smart large-scale storage schemes. In addition, the IS, Smart solar V2G EV’s char-

ging, is connected to Transition Track #4's IS 4.4, Services for grid flexibility.

Currently, there are approximately 25 public e-charging stations in Vaasa region, illus-
trated in the Figure 8. Several operators exist, and can be expected, that in the future
the number of charging stations will mainly raise by private operators. Currently, there

are no activities related to V2G solutions in Vaasa (Onkalo et al., 2021).

Figure 8. Location of e-charging stations in Vaasa. Additional three stations are located
further out of the center of the city (latauskartta.fi, 2020).



http://latauskartta.fi
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The City of Vaasa has planned for the new near-zero energy district Ravilaakso, a small
fleet of vehicles for sharable use. It has been calculated, that a shared car in the dis-
trict would replace six personal cars. It is yet uncertain, whether the vehicles will be

EVs. Tentative planning is that they will be.

Ravilaakso is a new residential area of 83 apartment buildings and 45 townhouses in
Vaasa, which will be inhabited by approximately 2500 people. The district’s area was
used as a horse race track before it was decommissioned in 2016. Civil engineering
work began in 2019, and the construction of buildings is planned to begin in
2022. Once finished the total living area of the Ravilaakso district will be approximately
135 000 m2. In the developed Ravilaakso district, the aim is to achieve the highest pos-
sible level of energy independence and sustainability. One of the most important envi-
ronmental goals of the City of Vaasa is to reduce the city’s carbon footprint. This has
been taken into account, when planning the energy and mobility solutions for Ravilaak-

so (Onkalo et al., 2021).

Smart charging and interconnection with PV are expected to play a major role in the fu-
ture’s smart grid operations. When the EV penetration rate will reach the
level, where the DSO and the flexibility of its operations will need the adoption of addi-
tional smart energy technologies, e.g. involvement of RES, V2G and RESS, V2G presents
high potential for ancillary services. Through large number of EVs, smart charging and
management, providing extra electricity to the system when needed is possible.
Moreover, V2G can function as a distributed energy storage, or a storage network, not

only on regional but on national level as well.

Currently the City of Vaasa has no intent to replicate the IS 3.1, due to the fact, that the
demand for smart solar V2G EVs’ charging is negligible in Finland in general, i.e. there is
no V2G service available and smart charging infrastructure is yet to be developed.
However, when EVs become increasingly popular, and viable business model/-s for V2G
solutions and services shall eventually emerge (indicated in the Table 11), planning

of the replication can continue. The demonstration conducted in the LH city Gothen-
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burg, related to e-buses and their charging system (V2G), could be replicated later after

the project period, if the City of Vaasa will invest in e-buses (Onkalo et al., 2021).



Table 11. The maters of potential and chall
(Onkalo et al., 2021).
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enges of utilizing V2G schemes in Vaasa

Maters of potential:

Challenges:

EU expresses a strong political commit-
ment towards e-transport and MaaS

concept.

The City of Vaasa has already made an in-
vestment in biogas buses, and required
infrastructure for local bio fuel produc-
tion. Transferring to e-transport requires

a new investment plan.

The investment cost of a bidirectional ad-
justable charging system is higher than in
G2V system. However, it is the most cost-
effective and economically profitable al-

ternative once utilizing V2G in full extent

becomes widespread.

In order to utilize EVs’ batteries in the ex-
isting energy system, a new implement-
able and lucrative business

model has to emerge.

The required technology is already avail-

able.

EVs are more expensive than IC powered
vehicles. E-buses demand charging infra-
structure, for example fast charging sta-
tions at each endpoints of the route.
These stations can be very expensive.
Well-functioning, effective and full elec-
trification of the city’s bus fleet requires
fast charging infrastructure capacity,

manageable in size as well.

The rising number of EVs and reduction
of fossil fuel driven cars in traffic, will lead
to reduction of CO; emissions, improve-
ment of air quality, and reduction of

noise levels.

User acceptance of smart charging can
prove to be a barrier for quite some
time. For many of the end-users such a
service, and their awareness of its full
potential, requirements and effects, can

be relatively limited.
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The contribution EVs have to the reduc-
tion of air-pollution might convince cit-
izens to favour the adoption of e-mobility
and shared transportation, such as

shared EVs.

However, for V2G solutions, only a few
vehicle

manufacturers exist currently, who
allow the use

of EV batteries in the V2G operating
model. Many of the available EV models,
and charging

infrastructure models, have too

low technical performance and

capacity, to manage detailed V2G

schemes.

V2G operating model enables EVs to be
utilized as distributed storage system for
the grid, and in various ancillary services,

providing more grid flexibility.

The main identified technical barriers re-
lated to the power infrastructure and e-
charging stations are the compatibility

of the charging stations with the local
power network, and availability of power

of the local network.

V2G enables attractive mean for econom-
ical profitability, concerning the DSO, ag-
gregators, service operators, and the EV

owner.

As the number of EVs increases, it is im-
portant that the charging activity and in-
frastructure are managed intelligently, to
avoid power peaks, and the need for ad-
ditional power caused by charging. Com-
ponents for implementing smart charging
at the property level already exist, but

only at the higher grid network levels.

More defined, detailed and well-con-
structed regulatory framework is re-
quired as V2G schemes become

more current.

Lack of wide smart charging infrastruc-

ture network.
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A considerable challenge is to stimulate citizens to change their habits of using private
cars, and start actively promoting and utilizing more sustainable mobility alternatives,
such as public transport, resorting to car sharing, and buying EVs instead of cars ran by
fuel. Private car ownership and private car commuting are very common in Vaasa.
Therefore, increasing the utilization of public transport and car sharing are challenging
issues. The replication of integrated solution 3.2 should be combined with the replica-
tion of integrated solution 5.1, Changing everyday energy use, which concentrates on

citizen engagement, and affecting to the energy behaviour.

EVs and Mobility as a Service reduce consumers' carbon footprint and open new types
of business opportunities. The energy storage potential provided by e-cars and e-buses
via V2G solution, combined with smart energy and charging management, have the
potential to aid, or even optimize the energy self-consumption of buildings, reduce grid
stress, and unlock the financial value of grid flexibility. After the development of more
advanced V2G systems takes place, and enough information about suitable business
models and technical requirements are available, the City of Vaasa can investigate the
solution’s potential anew, and make decisions for further V2G schemes. Prior to that,
local pilot project should be carried out, since more research is required on the subject

(Onkalo et al., 2021).

9.2.2. Innovative Mobility services for the Citizens

Traffic is the second biggest source of CO, emissions in Vaasa, consisting of 29% of
emissions outside the trading sector. The other CO; sources are district heating 50%,
consumer energy consumption 13%, agriculture 4% and waste management 3%. In the
close future, traffic will raise to be the biggest source for CO, emissions, when
the political decision to ban fossil fuels in heating will come into full effect, and the en-
ergy efficiency of living will increase. To achieve a dramatic reduction of traffic related
CO; emissions, various new methods of technology and emission mitigation are re-

quired (Liljestrom et al., 2019).
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Some of Vaasa’s challenges are that the number of vehicles per person is high (630
vehicles per 1000 persons) and the share of vehicles using alternative fuels or power-
ing technology is low. However, several positive steps have been taken. New biogas
buses have been added to the city’s bus fleet. The City of Vaasa has built a system for
local biogas production and purchased 12 biogas buses for the city’s internal transport
service. Additionally, new bus routes have been developed, in collaboration with Vaasa
region’s biggest employing companies. Additionally, citizen’s opinions and wishes have
been heard, e.g. through the city’s webpage and in BothniaTM project. Currently, ap-
proximately 1.2 million trips are done in Vaasa by public transport annually. Based on
the BothniaTM project, this amount is planned to be doubled by 2025
and quadrupled by 2035 (Enell-Nilsson et al., 2019; Siirila, 2019; Lehtomaa et al.,
2012).

Organizing a market based public transport in Finland is challenging, due to long dis-
tances and the difference in the sizes of the cities. Smart mobility services are con-
sidered as an opportunity to develop new concepts of sustainability, especially
in densely populated urban areas. Vaasa is aiming to improve the service level in the
mobility sector, mainly in public transport, improving the cost and resource efficiency.

The target is to receive cheaper unit cost for the services and better utilization level.

One of the main objectives is fully functioning shared transport system, which
would include cars, bicycles and e-scooters. For shared transport system, the main tool
is system monitoring on data, and devices connected to the transport service system.
Further development of e-mobility and the use of biogas and/or e-buses in Vaasa’s
transport, are also main objectives for the Vaasa’s logistic plan. Well planned and ex-
ecuted public transport, increments in schedule and efficient routing, aid in the man-
agement of traffic congestion and achieving carbon neutrality (Enell-Nilsson et al.,

2019; Siirila, 2019).

The share of cycling in Vaasa is 12%, presenting good potential for growth. Distances in
the city are short, the terrain is relatively flat, and the number of students, who utilize

bicycles a lot, is approximately 13 000. Nearly 80% of the citizens of Vaasa
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live within cycling distance from the city’s center, which is maximum of 5 km. In
2018, a bike sharing system was tested in the city center and in the Vaasa
University’s campus area with positive results. Additionally, renting an electric scooter
is possible in Vaasa. This service was introduced in 2020, and it has quickly gained pop-

ularity.

Still and all, as indicated previously in the Table 8, improving services and infrastructure
for cycling and pedestrians is not directly involved with IRIS Transition Track solutions.
However, well-functioning services, technologies, solutions and infrastructure concern-
ing the T.T. #3’s Mobility as a Service concept: public transport, e-mobility, functioning
mobility chains, utilizing digitalization, smart charging and monitoring, are at least in-
directly linked to light traffic. Additionally, the T.T. #4’s Services for mobility and the TT.
#5 Citizen engagement, possess indirect linkage to improving the environment, services
and infrastructure of light traffic in connection to the T.T. #3. Moreover, citizen en-
gagement as an activity has to be part of every IRIS integrated solution, regardless,

which Transition Track is in question.

Replication of LH city Gothenburg’s VivaBf/EC2B demonstration is under more
detailed scrutiny, in order to be utilized in Ravilaakso district. This planned project is
part of activity described in the Sustainable Mobility Plan’s Pilot on public-private part-
nership in new housing construction projects. The EC2B’s platform model could also
be used in other new housing construction projects, as well as in other housing associ-

ations and public housing companies (Onkalo et al., 2021).
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Table 12. The matters of potential and challenges of Innovative mobility services for

the citizens, in Vaasa (Onkalo et al., 2021).

Matters of potential:

Challenges:

There is a strong national and local polit-
ical commitment to achieve sustainable
mobility. The City of Vaasa is committed
to reach carbon neutrality by 2030.
Vaasa’s population is growing steadily,
setting high requirements for the city’s
accommodation needs. Large part of this
growth needs to be accommodated with-
in the current city boundaries. This will
be carried out through more compact
building, increasing the number of homes
per km2. Simultaneously, the city

center has to remain attractive and ap-
proachable, and capable to meet

the needs of the growing number of cit-

izens.

Curtailing private car ownership, or
private car mobility, can be sensitive
political issues. Hence, delays or avoid-
ance of making such potentially unpopu-

lar decisions may occur.

The City of Vaasa is working

proactively to promote the development
of MaaS$ concept. By promoting public
transport, e-mobility and related ser-
vices, digitalization and ICT in transport
services, car sharing and smart charging,
the city’s mobility objectives can be

achieved.

It can be challenging to find a business
model viable for all actors involved

in Maas solution. Developing and main-
taining the digital platform requires in-
vestments and capital. For some mobility-
service providers it may be challenging to
find sufficient amount of funding

for planned sturdy Maas solution on all

levels.
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MaaSs connected to accommodation can
reduce costs for property developers, as
it might reduce the number of parking
lots needed, or building expensive under-
ground parking garages. It can also lower
mobility costs for users, if ownership of a
car becomes unnecessary. For mobility
service providers, it might attract new

customers.

To stimulate citizens to change their
habits of using private cars, and start act-
ively promoting and utilizing car sharing
system or public transport instead, or
switching from IC powered cars to EVs,
can be challenging. Private car ownership
is an individual right and matter of

choice.

Technology is already available.

As the service to be developed in this
case (Maas/EC2B) is primarily targeted at
newly built housing projects, it is mainly
available for people with good economic-

al status.

For new construction areas, the City of
Vaasa can apply lower parking norm,
e.g. parking spaces that need to be re-
served per dwelling. The city is preparing
pilots projects on how to actively stimu-
late the development

of MaaS$ concepts, by reducing parking
places, which can be required

if Maa$S concept is utilized. However, the
urban plans and building regulations
define how many parking lots are re-
quired in different buildings areas. Any
exceptions are decided during the per-

mitting process.

Decision-making involves different stake-
holders, public and private actors. To find
common vision of goals and priorities

may be challenging.
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Improved services should lead to reduc-
tion of the CO; emissions, improvement
of local air quality and reduction of noise

levels. Additionally the volume of traffic

More clarity to regulatory and legislative
framework, incentives, tariffs, prices for
consumers and service providers are

needed.

should reduce.

The City of Vaasa can apply lower parking
norm in new development

areas, where property developers are
able to make new arrangements for mo-
bility services, such as vehicle and bike

sharing.

Can advance V2G schemes.

The new Ravilaakso district is planned to have a Well-being city block, financed by a
social services foundation (2 apartment buildings) for seniors. Car sharing is part of the
plan, and the Foundation is planning 1-2 EVs for the block. The Foundation will be the
owner of the housing block, consisting of total 103 apartments, thus guaranteeing
good conditions for shared vehicle use. Additionally, the Foundation will provide a
number of e-bikes for its block. Ravilaakso district has big ambitions for car sharing in
general. Moreover, the City of Vaasa has negotiated with a constructor and a construc-
tion project developer about another block in Ravilaakso, which also intends to ac-

quire a few shareable cars for the area.

In order to replicate Gothenburg EC2B demonstration, the Foundation responsible for
the Well-being block in Ravilaakso, will engage its residents in an early stage via mar-
keting and advising the use of services available when new residents are in the process
of moving into the district. The replication of integrated solution 3.2 Innovative Mobil-
ity services for the Citizens, should be replicated jointly with the integrated solution 5.1

Changing everyday energy use for best possible end-result (Onkalo et al., 2021).
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The business model for EC2B model operating in Ravilaakso has not yet been decided
in detail. However, as a business concept, MaaS has several potential aspects, enabling
new services and businesses, as indicated in the Table 12. For the Foundation respons-
ible for the Well-being block in Ravilaakso district, due to car sharing, less parking
places are needed to be built than normally required by the building regulation, thus
saving considerably in expenditures. In average, one parking place can cost from sever-
al thousands to tens of thousands of euros. In addition, the inhabitants can get more
services related to developed sharing concept, e.g. e-bikes, e-scooters and a phone ap-
plication. This application can also be used for managing and booking other shared re-
sources. The application and digital platform developer will get access to

new markets for its products, and possibility to further develop its business in Vaasa.

Additionally, Ravilaakso district’s mobility plan requires providing shared vehicles,
e.g. cars, bikes, e-scooters etc., generating profit for the service providers. Moreover,
the City of Vaasa will benefit financially from the increased utilization of the public
transport, from the ticket sales. Most of the other possible replication activities related
to the Sustainable Mobility Plan are done by the City of Vaasa, and are dependent on
the city’s budget. The project is based on EC2B service, which involves several actors:
end-users, various service providers, housing foundations etc., aiming to develop high
quality, attractive and sustainable mobility services, shown in the Figure 9 (Onkalo et

al., 2021; Lattila, 2015).

TBA
(e-cars)

Contractual agreement

-

Public Ravilaakso district
Transport (“"Well-being

Owner of bikes
(e-bikes)

Figure 9. EC2B governance model for Ravilaakso district (Onkalo et al., 2021).
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EC2B enables housing development, where one does not have to take into account the
aspect of vehicle ownership. This is managed through packaging flexible mobility ser-
vices, counselling and community for sharing- concept. EC2B aids real estate de-
velopers, who want to offer the market a modern and urban housing concept, with
lesser number of cars in the district. This can be achieved through a package
solution of sustainable and flexible mobility, which is attractive to both customers or
residents and authorities. EC2B benefits mobility service providers, who want to reach
large and affluent market for their sustainable mobility services. It will form a function-
ing part of a comprehensive service for sustainable mobility, easily accessible. EC2B
advances Vaasa’s aspirations to create a more attractive urban environment and sus-
tainable development with fewer cars and a significantly more efficient land use

(Onkalo et al., 2021).

The implementation of EC2B’s replication for Ravilaakso district will proceed as
follows:

1. Evaluation of Gothenburg’s demonstration in collaboration with the Found-
ation, EV provider-company, and the City of Vaasa.

2. Feasibility study of the EC2B will be developed. Identification of providers
of shared resources and content of the platform, and services need to be
identified.

3. Risk analysis includes risk identification and description of risk mitigation
activities.

4. Financial analysis includes the investigation of financing schemes and fund-
ing from each partners’ business case. Several national and EU funding
sources exist. At this stage, the City of Vaasa should to decide, how it should
act to referred required parking norm and number of used shared
vehicles.

5. Detailed design documents. The Foundation of Well-being city block and
main stakeholders will develop the technical documents required for im-
plementation.

6. Agreements. Depending on the project definition, agreements between dif-

ferent partners of the implementation have to be formed, to define re-
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sponsibilities and business models. If part of the implementation is out-
sourced, the public procurement will be carried out according to the na-
tional legislation.

7. Project implementation. The development of required services and ap-
plications for the platform, and construction phase of required infrastruc-
ture, including construction works, equipment installation etc.

8. Commissioning. Before operation, the commissioning step is recognized as
of high importance, due to the innovative and complex nature of the de-

signed measures (Onkalo et al., 2021).

National funding sources include:

The Government of Finland

The Finnish Innovation Fund SITRA

Motiva Ltd. - Sustainable Development Company
Business Finland for public and private projects
Regional level funding sources, e.g. Pohjanmaan liitto

(Onkalo et al., 2021).
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Table 13. EU financial instrument for Transition Track #3 (Nikolopoulos et al., 2018).

Transition track #3 - Vehicle-to-grid ;

ne
Intelligent mobilityjy and smart @U’ ngi\:iatsvsirvlces
solutions M ‘%_ @ solar charging

EIB 4.1 Medium Medium to Low risk Long to mid  Applicants/partners will undergo the EIB Due-
European Investment Bank large term Diligence process

EIF 4.2 Medium Large and mid Low tomedium  Long to mid  Applicants/partners will undergo the EIB Due-

European Investment Fund sized term Diligence process with EIF or Intermediary parter
GB/CAB 4.3 High Small to large  Low risk Long to financing for sustainable projects and activities
Green /Clim. Awareness/ Bonds projects. mid-term that promote transition to climate resilient growth.
PPP 4.4 High Medium to Risk-sharing Long to Initiated to enable private capital in infra-

Public Private Partnership large managed in PA  very long structural city investments

4P 4.5 High Medium to Risk-sharing Long to Enabling citizen participation and public/ private
Public Private People Partnership large managed in PA  very long peration in devel projects

PF4EE 4.6 High Large and Low to medium  Medium to  Facilitating access to affordable financing for
Priv. Finance for En. Efficiency mid-sized risk long investments with strong energy-efficiency focus
EEEF 4.7 High Medivm Low to medium  Medium to  Initiated to bring public and private partner-ship

e Ay

European Energy Efficlency Fund risk long pital into ge mitigation

EFSI| 4.8 High Micro, small Medium to high Medium to  Launched to help overcome the current investment
European Fund for Strategic Inv and mid size risk long gap in the EU

Medium Small projects  Medium to high  Short to By EU-commission described as an under-
Crowd Funding risk mid-term developed source of funding and fi ing

9.2.3. Conclusions on ambitions and planning concerning activities for

the T.T. #3 Smart e-Mobility Sector

The City of Vaasa’s Sustainable Mobility Plan approaches the activities described in the
IRIS replication plan’s T.T. #3 with wide perspective, including e.g., biogas buses, cycling,
pedestrian areas, and route planning. Simply waiting for EVs to become more popular,
or car sharing becoming commonly used mean of mobility, the basic problems caused
by high level of private car ownership, and increments in traffic flows and congestion,
continue. Any incentives promoting EV growth should not conflict with the objectives
of public transport development, they can both aid to achieve the carbon neutrality

goals.

Vaasa’s firm ambition is to achieve functional and economically viable public transport
system that will be smart and include combination of different services and means of

mobility. Smart mobility can function as an opportunity to develop new market-based
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mobility services in an urban area, to complement public transport and the sustainable

mobility chain (Onkalo et al., 2021).
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10. The development of the T.T. #2 and #3 replication activities

in Vaasa

After the City of Vaasa has concluded its IRIS replication plan, the actual execution and
further development of the integrated solutions, the implementation of technologies,
solutions and services, based on the LH cities demonstration and the replication plans
can start. This stage will require the involvement of various stakeholders and third par-
ty solution and service providers, contractors etc. However, in order to take the right
actions in the future, concerning 2nd life batteries, V2G, and Smart e-mobility solutions,
and to build a stable and lasting model for the utilization of these solutions in Vaasa,

foresight and knowledge sharing is necessary.

When planning the replication activities of the T.T. #2 and #3 solutions, one should take
into account, as lessons-learned, the LH cities’ positive and negative experiences about
the solutions. In addition, the City of Vaasa’s policies, goals and ambitions to reach car-
bon neutrality before 2030, has paramount importance. Furthermore, the previous
projects and studies conducted in Vaasa, i.e. Sustainable Mobility Plan, BothniaTM
project, and MovelT project, about decarbonization, sustainability, and improvements
concerning energy efficiency, traffic and mobility, should be paid attention to. Thus, the
replication plan and future activities can become successful, and find congruence be-
tween the IRIS project’s objectives and the goals of the various previous projects, and
enhancing the City of Vaasa’s ambitions, decision-making processes and stakeholder
engagement. The later objective aims to secure wider acceptance for the replicable

solutions, being in align with plans and projects already done.

The Figure 10 indicates that the joined positive experiences the LH cities shared about
the utilization possibilities of 2nd life batteries, consists mainly of environmental effects,
RES and grid support possibilities, and new business opportunities. The 2nd |ife batter-
ies are considered to be a great asset in the future’s smart grid operations, and sup-
porting factor in e-mobility as well. The negative experiences consist of challenges con-

cerning immature regulatory circumstances, business models and support systems, and
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safety issues to be further developed. Vaasa’s observations, shown in the Figure 11, are
in align with the LH cities experiences concerning the utilization of 2nd life batteries,
although Vaasa has no immediate plans to replicate 2nd life battery solutions. Thus,
Vaasa has fewer positive factors to represent concerning the utilization of 2nd life bat-

teries.

Lighthouse cities’ common positive factors on
Utilizing 2nd life batteries for smart large scale
storage schemes:

- Environmental aspects: reductions in emissions and
pollution.

- Increases the utilization and efficiency rate of RES.
- Aids in energy storage and grid flexibility.

- Supports circular economy.

Lighthouse cities’ common negative factors on
Utilizing 2nd life batteries for smart large scale
storage schemes:

- Requires clearer regulatory framework.
- Not commercially viable yet.
- Open questions: incentives, taxing, pricing etc.

- Safety issues. Inspections required prior to
utilization.

Figure 10. Lighthouse cities’ common positive and negative factors on Utilizing 2nd life
batteries for large smart scale storage schemes.
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Vaasa’s positive observations about Utilizing 2nd life
batteries in smart large scale storage schemes, with the LH
cities:

- Sustainable solution, supports circular economy.

- Posesses strong commercial potential.

- Can aid in energy storage and grid flexibility solutions.

Vaasa’s negative observations about Utilizing 2nd life
batteries in smart large scale storage schemes, with
the LH cities:

- Safety issues, requires research and inspection prior
to utilization. Attitudes not supportive.

- Market immature, economic viability weak. Subcidies
required in the future.

- Regulatory framework, and effects to supply chain
unclear.

- EV adontation still to low for used batterv stock to

Figure 11. Vaasa’s positive and negative similarities on Utilizing 2nd life batteries for
smart large-scale storage schemes with the LH cities.

The Figure 12 indicates, that the LH cities’ positive experiences and reactions concern-
ing V2G and Smart e-Mobility solutions, consist of environmental aspects, but even
more so of opportunities in potential new business and service models, via exploiting
Maa$ and V2G schemes. In Utrech, Nice and Gothenburg the MaaS concept and V2G
are strongly considered as possible game changers in mobility, i.e. inter-connectable
solutions, which will, when developed further, provide substantial economic and social

value, and transform mobility and EV charging/discharging activity in the process.

For Vaasa, both Maa$, and V2G in particular, are concepts of the future. Their potential
value is recognized, although not as strongly as in the LH cities, as indicated in the Fig-
ure 13. This prudence is due to the fact, that in the LH cities Maa$S and V2G are consid-
ered to be solutions soon ready to advance to larger scale implementation. In these
cities and countries they represent, as in more vastly populated Central-Europe in gen-
eral, EV charging network development, as well as e-car and e-bus adoption, are more
advanced than in Finland. Moreover, car sharing and MaaS concepts, although still to
be developed further, are de facto phenomena set to succeed in the IRIS LH cities,

there is not only a strong interest towards it but also a great demand. In Vaasa and in



106

Finland in general, EV adoption is still relatively low and wide EV charging in-
frastructure is scarce, although both expected to improve considerably in next few
years. Additionally, lack of encompassing and clear policy and market framework con-
cerning V2G is a challenge, whereas Mobility as a Service concept has a strong political

and regulatory support in Finland.

The LH cities’ joined negative factors are to do with issues hampering the opportuni-
ties, e.g. under-developed market and particularly the regulatory basis, and issues con-
cerning new business models. In addition, opposing consumer attitudes, and required
further testing and research required, are seen as barriers, since they obstruct the de-

velopment MaaS and V2G schemes in particular.

Lighthouse cities’ common positive factors on Smart e-
Mobility solutions:

- Environmental aspects: emissions reductions, sustainability.

- Potentials of MaaS solution: advancements in mobility,
business and service potential, reduction of costs, reduction of
traffic and customer satisfaction.

- V2G charging: enhances EV adoption, opens new service and
business models, aids in smart grid operations.

Lighthouse cities’ common negative factors on Smart e-
Mobility solutions:

- Challenges in user acceptance: car ownership, attitudes.

- V2G requires more testing: technical, grid operability,
monitor & control, charging and booking and EV schemes.

- Market design requires development: incentives, prices
and tariffs, regulations, prosumer activity etc.

Figure 12. Lighthouse cities’ common positive and negative factors on V2G and Smart
e-Mobility solutions.
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Vaasa’s positive observations about Smart e-Mobility, with
the LH cities:

- Reductions in emissions, pollutions and noice level.
- Decreases volume of traffic.

- Maa$ promotes widely sustainable mobility goals, potential
for new service/business models, and advances V2G schemes.

- Strong political support for MaaS and sustainable mobility
solutions.

- V2G enhances EV adoption, supports grid flexibility

Vaasa’s negative similarities on Smart e-Mobility, with
the LH cities:

- User acceptance: private car ownership, attitudes.

- Challenge to find a working business model profitable
for all involved players.

- Further research and testing about V2G services,
management and impacts on power grid required.

- More thorough regulatory & legislative framework
needed for V2G: tariffs, pricing, taxes, procumer activity,

Figure 13. Vaasa’s positive and negative observations about Smart e-Mobility with the
LH cities.

When comparing matters concerning Vaasa’s IRIS replication plan TT. #2 and #3, to
other Vaasa’s decarbonization, sustainability and mobility projects and plans, it is for
the benefit to analyze the similarities and try to find the common objectives within
these projects. Although, Vaasa’s Sustainable Mobility Plan, Bothnia TM project, and
MovelT project have differences in focuses and approaches, they share many common
factors as well. By listing these common factors, it is possible to analyze whether
Vaasa’s IRIS replication plan’s T.T. #2 and #3 solutions follow the most joined and mutu-

al view of how Vaasa can achieve its carbon neutrality goal by 2030.
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Table 14. The common objectives between Sustainable Mobility Plan, Bothnia TM and
MovelT projects, and their connection to the City of Vaasa’s IRIS replications plan’s 2nd
life battery, and Smart e-Mobility solutions.

Previous plans and projects: IRIS:

Increase sustainable services Mobility as a Service (MaaS)
Enhance public transport Maa$S

Start utilizing e-buses Maas, V2G, 2nd life batteries

Advance zero & low carbon mobility Maas, V2G, 2nd |ife batteries

Reduce emissions from traffic Maas, V2G, 2nd |ife batteries

Introduce car sharing Maa$S

Increase the number of EVs and char- | Maas, V2G, 2nd life batteries

ging infrastructure

As the Table 14 indicates, Vaasa’s IRIS replication plan’s T.T. #2’s integrated solution Util-
izing 2nd life batteries for smart large scale storage schemes, and T.T. #3 in general, i.e.
Smart e-Mobility Sector, are in align with the previous plans set, and projects done in
Vaasa, concerning sustainable mobility, and goals to reach carbon neutrality by 2030.
Although the replication plan’s integrated solutions concerning 2nd life batteries and
smart e-mobility schemes, possess many new features, technologies and measures not
necessary as widely addressed in the previous projects, the replication plan and the
previous plans strive for a common goal: more sustainable and carbon neutral mobility
in Vaasa. Moreover, it is noteworthy that the IRIS replication plan supports the object-

ives of the previous plans and projects.
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11. Conclusions

The City of Vaasa’s goal is to become a carbon neutral city by 2030. In order to achieve
this objective the city’s plans and measures concerning energy production and con-
sumption, infrastructure, construction, mobility and citizen engagement need to sup-
port each other for the common goal. In 2016, the City of Vaasa was accepted to the
EU’s Covenant of Mayors project, and in 2017 to the EU’s Horizon 2020 program, to be
part of its IRIS Smart City project. IRIS (Integrated and Replicable solutions for co-cre-
ation in Sustainable cities) consists of three Lighthouse cities and four follower cities.
Horizon 2020 aim is to battle climate change and aid to achieve carbon neutrality by
developing cities to become smarter, and promote innovative, efficient, far-reaching
and replicable solutions, from the fields of smart energy production and consumption,
traffic and mobility, ICT and citizen engagement. First, IRIS project’s solutions are to be
studied and demonstrated by Lighthouse cities, and then replicated by the follower cit-
ies. Replication plan is required to examine and present the feasibility and validity of

the solutions.

IRIS project is composed of five Transitions Tracks, which all consist several different
integrated solutions. IRIS’ Transition Track #3, Smart e-Mobility Sector, consists of two
solutions, Smart solar V2G EVs charging, and Innovative mobility services for the cit-
izens. The study of these two solutions; their feasibility for the City of Vaasa in correla-
tion with the Lighthouse cities demonstrations and experiences, the City of Vaasa’s
carbon neutrality plans, and the previous projects and plans executed in Vaasa con-
cerning mobility, is the objective of this thesis. Furthermore, the IRIS’s Transition Track
#2 solution, Utilizing 2nd life batteries for smart large scale storage schemes is studied,
since it is closely related to the Transition Track #3’s solutions in the Lighthouse cities,
bearing a direct connection to EV, e-mobility (e-buses), V2G and Mobility as a Service

solutions.

The Lighthouse cities’ demonstrations indicate that the Smart e-Mobility Sector, and
2nd life battery solutions have significant potential and importance for developing

smart and innovative e-mobility and EV charging solutions, Mobility as a Service
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concept, and battery storage schemes. The demonstrations promote the development
of smart charging, utilization of V2G model, introduction of innovative e-mobility solu-
tions, and exploitation of 2nd [ife batteries. In addition, the demonstrations are able ex-
press that the solutions mentioned do have the potential to create substantial financial
value from creating new business opportunities, while promoting sustainable carbon

neutral development.

Nevertheless, it is important to express that the LH cities are better capable to imple-
ment these solutions into their environment than the follower cities. The LH cities are
bigger and located in countries and highly populated areas where related technologies’
adoption is higher. The number of EVs is higher in LH cities, the charging infrastructure
is more developed, the state of public transport, particularly e-transport, is more ad-
vanced, and the cities’ environment, resources and related market development are
more mature and more ready for the solutions. In all of the IRIS LH cities, the Maa$S
concept design is relatively mature with strong emphasis on e-public transport, car
sharing, continuing mobility chains, strong utilization of digitalization and ICT solutions,

and innovative mobility services.

Due to more developed EV stock and e-mobility, the LH cities are better capable to
study and develop V2G and 2nd life battery solutions. In order to enhance V2G operat-
ing model, e.g. the LH cities Utrecht in Netherlands and Nice in France, are working in
close collaboration with car manufacturer Renault and the local DSOs. In order to util-
ize 2nd life batteries, the LH cities have collaborated with local housing cooperatives,
and found use for the used batteries in energy storage applications in apartment build-
ings, instead of recycling or disposing them. However, in order to have access to a suffi-
cient number of used batteries required the applications, high enough adoption of EVs,
and well-established and developed public e-transport is required. Hence, there will be
enough 2nd life batteries available. In the LH cities, e-buses have been in use for several
years. During the past couple of years, the batteries of these buses have reached the

end of their first life, thus been ready to take on the role of the 2nd life.
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The integrated solutions belonging to the IRIS Transition Track #3, Smart e-Mobility, are
considered valuable in Vaasa’s IRIS replication plan, and in other mobility related pro-
jects done in Vaasa is recent years. These solutions are considered important factors to
support Vaasa’s strategy to achieve carbon neutrality by 2030. The IS, Innovative mobil-
ity services for the citizens, possesses the highest potential value, including Mobility as
a Service concept, enhancing sustainable public transport and car sharing, and devel-
opment of continuous mobility chains. Moreover, the development of cycling and walk-
ing infrastructure are part of Maa$S concept in broader sense, although these ways of

mobility are not part of IRIS replication plan.

Traffic consists of nearly 30% of Vaasa’s current CO; emissions. This percentage will rise,
since the share of CO; produced by energy production and consumption is decreasing
due to mitigating actions taken and affecting in these sectors. In addition, a challenging
factor in Vaasa is that private car ownership is very high, and the level of the public
transport does not currently promote enough higher usage level of public transport.
Thus, the public transport’s effect on decreasing the carbon footprint from the traffic is

not substantial enough.

In Vaasa, in order to decrease the emissions from the traffic drastically, significant
changes should be made concerning the public transport. Possible measures are to in-
crease the number of buses (e-buses or gas) in use. Additionally, new bus routes may
be needed, e.g. to have more main routes, and these routes to be supported by feeder
routes operating in the districts, connecting and collecting passengers for the main
routes. Furthermore, the schedules of the routes should be efficient, based on reliable
regularity, covering districts later in the evening hours and operating regularly and
longer in the weekends as well. With measures such as these, the service level and us-
age of the public transport can be increased, the level of private car utilization can be
decreased, the development of the Maa$S concept can gain the robust basis it requires,
and the emissions from the traffic can be lowered in Vaasa. Furthermore, an advanced
Maa$S concept can promote new services and businesses, citizens’ satisfaction and

well-being, and the City’s attractiveness. The utilization of e-buses can also, in time,
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introduce the possibility of utilization of 2nd life batteries, for example in storage solu-

tions for apartment buildings.

In addition, V2G solution’s potential for Vaasa is notable. However, it requires higher
national and local EV adoption at first, smart charging infrastructure and smart grid de-
velopment, and pilot testing. Although, the level of EV adoption is lower in Finland
than it is in the IRIS LH cities’ countries, the annual number of sold EVs in Finland is
growing steadily, hence increasing the nation’s EV adoption strongly in the next 5-10
years. Utilization of solutions such as V2G and 2nd life batteries can really start to de-

velop strongly and reach their true validity after that.

The City of Vaasa’s IRIS replication plan has strong compatibility with the previous pro-
jects, plans and workshops done in Vaasa, i.e. MovelT, BothniaTM and Sustainable Mo-
bility Plan. Although, each of these projects approaches the themes of sustainable mo-
bility and traffic emissions’ reduction with an individual emphasis, a unifying message
and goal can be found: promotion and enhancement of sustainable mobility, public
transport, e-mobility, MaaS and car sharing. V2G and 2nd life battery solutions support
these goals. Thus, a very adamant and clear aspiration exists in Vaasa concerning the
development of mobility. The same aspiration is strong and visible in the City of Vaasa’s
replication plan’s solutions, concerning Innovative mobility, V2G and 2nd life battery

solutions.

To work with this study was a strong and rich learning experience and rewarding pro-
cess. It required collecting and studying vast amounts of background data, which was
found from numerous reports, articles and websites. However, the biggest learning ex-
perience took place when | was offered an opportunity to join The City of Vaasa’s IRIS
replication plans’ task team in the October 2020. The work required collaborating with
various stakeholders and experts linked to the project and being accepted to IRIS
teams-meetings, webinars and correspondence with the Lighthouse and other follower
cities about the progress and solutions of the replication plans. Additionally, | was able

to obtain exceptionally deep, multi-level and privileged insight not only to Vaasa’s rep-
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lication plan process and the City’s decarbonization goals, but also to the Horizon 2020

IRIS project as a whole.

This thesis leaves the door open for new studies about the actual IRIS replication activ-
ities done in Vaasa, whenever they will take place. For example, a targeted research
about the development and measures concerning Mobility as a Service concept in
Vaasa, or about the new Ravilaakso district have validity and importance for further
studies. The Ravilaakso district, in its development and construction stage, and later on
when it is finished, enables highly attractive research ground for new studies, varying
from e-mobility, car sharing and smart charging to low-temperature heat networks,

smart houses and citizen engagement.
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