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Instituto Superior Técnico, Universidade de Lisboa, Portugal

December 2017

Abstract

Mobility has been very important in order to improve the civilization of the humankind in the past
and its importance is increasing with the improvements in technology. It is one the crucial factors
for the economic growth for the countries. 90% of the fuel used in transportation comes from the
petroleum based products; therefore, the global greenhouse gas (GHG) emissions due to transportation
is 23%. Transport sector is one of the main sectors which the GHG emissions should be decreased
to reach the Paris Agreement goals. Electric vehicles (EV) is a very promising alternative to this
task. With the combination of electric vehicles, car-sharing, and self-driving vehicles, the amount of
car ownership could be decreased by 80% in the future. This would result a tremendous decrease
in the GHG emissions as well as decrease in air pollution and congestion in the big cities. As EV
penetration increases, power generation sector and the mobility sector would need to work together to
balance the increase electricity demand due to EV charging. Smart charging and vehicle-to-grid (V2G)
technologies could increase the penetration of renewables into the grid because EVs could be charged
with renewable electricity. As one of the biggest utility company in the world, Iberdrola could place
importance on electric mobility in the future. Their high share of renewable electricity production will
help to charge EVs with 100% renewable electricity. Furthermore, they could provide zero emission
car-sharing service to the customers in order to reach the company goals and Paris Agreement goals
for a sustainable future.
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1. Introduction

Fossil fuels have good energy density and they are
used to produce electricity in the modern world;
however, as a result of this action, they emit a
huge amount of CO2 and the greenhouse gases to
the atmosphere. The increase of the concentration
of the greenhouse gases in the atmosphere causes
an increase of the temperature of the earth since
these gases (CO2, methane, soot and other pollu-
tants) act like a blanket; keeping heat radiation
comes from the sun in the world. The temper-
ature of the earth is constantly increasing. This
change in the temperature of the earth is modify-
ing the climate system including lands, oceans and
the glaciers [1, 2]. GHG emissions due to trans-
portation are substantially high; since transporta-
tion has a high influence on the society. It plays a
crucial role in the economic growth of the country
due to the fact that it helps to the other sectors
to grow more [3]. According to the Environmental
Protection Agency (EPA), 27% of the GHG emis-
sions in U.S occurred due to transportation in 2015
[4].

The European Commission has the target of re-

ducing GHG emissions in transport by 60% until
2050 as compared to emission level in 1990. It can
be said that the GHG emission levels from trans-
portation were increased approximately 20% since
1990. That makes transport sector only major eco-
nomic sector in EU where GHG emissions have
risen until now. It is estimated that there will be
a significant growth in transportation sector until
2050. Current estimates show that climate policies
in EU countries would decrease the GHG emissions
in transport in 2050 by 8% below the 2010 level
mainly due to the technological development in the
car industry. Nevertheless, according to this esti-
mation, the GHG emission level in 2050 would still
be 15% higher than the 1990 level [5].

Apart from climate change, the impact of trans-
portation on air pollution, noise pollution, and
habitat fragmentation is substantial. High volumes
of traffic cause important problems in most of the
big cities. Transport is the main contributor to dan-
gerous noise levels especially in the urban areas.
Moreover, it causes negative effects on ecosystem
and biodiversity [5].

When all these negative sides of transporta-
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tion are considered, significant efforts and crucial
changes should be done in the transport sector to
accomplish the targets which have been taken by
European Commission. There are several ways to
decrease the GHG emission; amongst these alter-
natives, increase the number of electric cars in the
transportation sector and use renewable sources for
charging applications is one of the most favorable
ones.

Electric vehicles can either be pure electric or
with hybrid technology such as internal combus-
tion engine with an electric motor. They can be
divided into 6 different group which are Light Elec-
tric Vehicles (LEVs), Industrial Forklifts, Fuel Cell
Electric Vehicles (FCEVs), Hybrid Electric Vehicles
(HEVs), Plug-in Hybrid Electric Vehicles (PHEVs)
and Battery Electric Vehicles (BEVs). The focus
will be on the BEVs, HEVs, and PHEVs in the re-
port.

1.1. Thesis Outline

The EV market outlook and the future projec-
tions about this market can be found in chapter 2.
Furthermore, this section includes the information
about what are the other the utility companies do-
ing in electric mobility. Chapter 3 investigates the
car sharing concept; there are some business mod-
els for car sharing. In addition to the car sharing,
the reader can find information about self-driving
vehicles. In the last section of this part, there are
some future possible projections with the combina-
tion of car sharing and self-driving vehicles applied
to EVs. In chapter 4, literature research on the
charger types and the impact of EV charging on
the grid is investigated. Moreover, vehicle to grid,
smart charging, and fast charging concepts are also
investigated in detail. Chapter 5 gives information
about what Iberdrola is doing on electric mobility
field. Due to the detailed market research done in
the previous sections, a business model is proposed
to the company which can be applied in the fu-
ture in order to increase the penetration of elec-
tric mobility and to increase the companys value
on Sustainable Mobility and Green and Sustainable
Future.

2. EV Market Outlook

The total number of electric cars driven on the road
has passed 2 million unit threshold; however, the
market share of EVs globally is still very low 0.2%
[6]. In 2016, the number of electric cars sold world-
wide reached a record number with 750,000; around
40% of the electric cars were sold in China and they
have the largest electric vehicle stock in the world as
a result of this [7]. The EV market in China is big
due to the government policies. For instance, it was
announced that there will be no more approval for
opening of a new ICE vehicle manufacturing facility.

Moreover, the financial and non-financial subsidies
for EV has a huge importance in the country [8].

The number of battery electric vehicles sold in
Europe and number of HEV sold in Europe has
increased around 30% and 61%, respectively [9].
When the market share of EVs in each country is
investigated, it can be seen that the Norway has
the highest ratio with a percentage of 29%. Nor-
way has this highest deployment rate of EVs due to
the policies of its government. For example, there
is no acquisition tax for the electric cars; moreover,
25% of value-added tax (VAT) is exempted at the
purchase of BEVs. In addition to these, there are
also high variety of waivers applied to the EVs; such
as road tolls and ferries [7]. The Netherlands are
pursuing another policy for the taxation. In the
country, there is a differentiated CO2 based taxa-
tion which increases gradually until 2020. In 2016,
every car owner was obliged to pay a tax according
to the km that they cover if they are using conven-
tional vehicle or hybrid vehicle; e6 per g CO2/km.
BEV owners do not need to pay for this tax due to
the zero emission drive.

2.1. Future Projections for Electric Mobility
Battery is the important part of an electric vehicle
and big portion of the manufacturing cost of EV is
coming from the cost. Since the battery costs are
currently high, it results in a high manufacturing
cost for the electric vehicles [10]. In some sources,
it is estimated that there will be a cost parity be-
tween ICE and EV in a couple of years in Europe.
This projection is due to the unexpected decrease in
the battery costs; that is, the battery cost has fallen
faster than it was predicted eight years ago [11]. It
is stated in the White Paper for the Future of Mo-
bility prepared by Bloomberg New Energy Finance
that the cost of the batteries will go down until
$100/kWh in this decade [3]. Apart from these opti-
mistic projections, it is estimated in IEAs report on
Global Electric Vehicle Outlook that ICE and EV
are going to be fully competitive in Europe by 2030
[7]. Moreover, in the paper of Battery Technology
Charges Ahead prepared by McKinsey & Company,
it is estimated that the battery prices will go until
$160/kWh by 2025 [12]. Tony Seba mentioned the
same type of projections in his book ’Clean Dis-
ruption of Energy and Transportation: How Silicon
Valley Will Make Oil, Nuclear, Natural Gas, Coal,
Electric Utilities and Conventional Cars Obsolete
by 2030’; the price will go below $100/kWh around
2023 [13]. The price limit of $100/kWh is very im-
portant for the manufacturing cost of electric vehi-
cles. An EV with a range of 200 miles (322 km)
needs 50 kWh battery pack on board [13]. If it is
assumed that the battery pack price is $100/kWh,
that means the cost of the battery pack for a 200-
mile range EV will be $5,000; that is, the EV will
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become fully cost compatible with an ICE vehicle
without incentives.

According to the projections made by BP, there
will be 100 million electric vehicles on the road by
2035 [14]. On the other hand, IEA projects in its
report Global EV Outlook 2017 that there will be
between 9 million and 20 million electric cars on
the roads by 2020, and between 40 million and 70
million electric cars by 2025 [7].

2.2. Future Plans of Utilities

Large scale of electricity production from renewable
sources is forcing the conventional grid to change,
and it affects the industry substantially. With more
penetration of renewables into the electricity mar-
ket, the wholesale electricity market price is forced
to go down. As a result of this phenomenon, the
revenue of utilities decreases; because the utilities
start losing money from the electricity production.
According to the financial data of 2013, the German
utility company RWE has lost more than $3.8 bil-
lion in 2012 due to the sliding wholesale electricity
prices. For Swedish utility company Vattenfall, the
fate was similar also for the year 2012; they have lost
$2.3 billion [15]. These numbers show that the dis-
ruption of traditional, centralized power production
is a substantial threat for the power utility compa-
nies. Therefore, some changes need to be done for
the business models of the utilities [16].

When conventional way of electricity production
is disrupted, some new areas will be created for the
utility companies; one of the most important area is
the electric mobility. In the upcoming section, some
information about the activities of competitors of
Iberdrola on electric mobility field can be found.

RWE / innogy

As the second biggest electricity producer in
Germany, they offer smart charging infrastructure,
IT services and intelligent e-mobility solutions for
cities, and private electric car users. There is also
extensive research on the integration of electric ve-
hicles into the energy system in order improve the
usage of renewables in the grid. With their part-
ners, RWE has developed standards for charging
plugs and data which flows between the electric ve-
hicle and the charging station [17].

In 2015, German based discount supermarket
Aldi and RWE established a public DC charging
station in one of the Aldi stores in Dusseldorf. The
electricity taken from the charger is free and it is
provided via the solar panels on top of the Aldi
building [18].

Apart from the charging infrastructure, RWE
and Renault have a partnership to produce a resi-
dential wallbox RWE eBox and RWE eBox Smart.
RWE eBox is produced for the residential use. It
helps to charge the electric vehicle 5 times faster

than the normal power socket [19]. RWE eBox
Smart is upgraded version of the regular eBox. It
can charge the electric vehicle 10 times faster than
the conventional power socket [20].

innogy

Innogy is an energy company which is a sub-
sidiary of RWE (76.8% of the shares belongs to
RWE). It was created on 1st April 2016 in order
to split renewable, retail and the network business
of RWE. A new unit which is called eMobility has
been launched in January 2017. This new busi-
ness unit pools all electric mobility activities in one
roof. In Europe, innogy already operates one of
the largest charging networks with 5,300 charging
points in more than 30 countries [21].

RWE is one of the founders of the project HUB-
JECT in 2012; and now Innogy is one of the main
partners of the project with BMW Group, Daim-
ler, Bosch, EnBW, Siemens and Volkswagen Group.
The main goal of the project is to create an eRoam-
ing platform in Europe; that is, EV users can charge
their vehicles in any kind of charging infrastructure
in anywhere in the world [22].

Like RWEs eBox, Innogy also provides the same
technology to the houses. People can mount the
eBox in their homes in order to charge their electric
cars 5-10 times faster than the normal power socket.
Innogy has a new test product from its innovation
hub; eCarSharing. In this pilot project, municipal-
ities, companies and private individuals are offered
electric vehicles which they can rent them through
online platform [23].

EDF

French based utility company invests in different
fields related to electric mobility; (i) design, instal-
lation and supervision of charging infrastructures of
electric vehicles, (ii) rental and battery fleet man-
agement (buses and trucks), (iii) fleet management
(companies and local authorities). Sodetrel, sub-
sidiary company of EDF, is highly active in the
first field. They are responsible for deployment,
technical operation, and maintenance of the charg-
ing stations for the electric vehicles. They are also
responsible for electric fleet management and on-
board energy [24]. In December 2014, they have
started a project called CORRI-DOOR. The aim of
the project is to install 200 electric vehicle charg-
ing stations in France. The distance between two
charging terminals is 80 kms and the drivers can
charge their electric vehicles with 100% renewable
electricity and with fast charging technology in 20
to 30 minutes [25]. EDF and Sodetrel have part-
nered with Renault, Nissan, BMW, and Volkswagen
for the project [26].

Ombriwatt, a product from EDF ENR Solaire,
aims to produce electricity by using solar panels and
use that electricity for charging the electric vehicles.
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It is a parking shelter which protects the vehicle
from the sun or bad weathers; and, the roof of the
shelter is equipped with PV panels [27].

In 2015, all the buses operate in Paris were ICE
vehicle. However, with a 3-year agreement signed
in 2014 between Paris Transit Authority and EDF,
4,500 buses of greater Paris network will be clean by
2025; 80% will operate with electricity and 20% will
operate with biogas. As a result of this transition,
the carbon footprint of Paris Transit Authority will
be decreased by 50% [28].

As a three-year pilot project, a new urban trans-
portation model started to operate in 2014 in the
city of Grenoble. According to the project, Toy-
otas ultra-compact electric vehicles are used for the
public transportation. The first and the last miles
are planned to be covered with these EVs. More-
over, with the help of a software or a smartphone
application, customers can choose the best roots for
themselves [29].

EDF started to a partnership with Forsee Power,
highly respected and experienced company in the
battery market. Through this partnership, both
sides are aiming; (i) to involve in the development of
new storage options and batteries for heavy electric
vehicles, (ii) to perform different research around
existing and future lithium battery performance,
(iii) to increase the both companies public aware-
ness in this field [30].

In order to be more active in the private cus-
tomer market, EDF established Sowee which is a
subsidiary aimed entirely the private market. Us-
ing Sowee, the customers are able to arrange their
domestic electricity consumptions as well as the
recharging of electric vehicles with the help of a
Sowee device [31].

E.ON

According to the press release from E.ON, they
announced to have a new strategic e-mobility unit.
Their aim is to have the leading role in the Euro-
pean charging infrastructure market. The company
has already been offering power wall solutions both
private customers and businesses. Also, they are
planning to secure the locations for charging sta-
tions and to increase the number charging infras-
tructure on the roads [32]. E.On wants to increase
the number of fast charging stations. The goal is to
implement as much fast charging stations as pos-
sible until 2020 with the major car manufacturers
such as Daimler, BMW, Ford, and Volkswagen [33].

With its extensive knowledge and expertise on
charging infrastructure, E.ON plans to help to its
partners or customers to select the suitable charg-
ing points, operate the charging columns, provide
suitable payment systems and manage the overall
business [34].

In Denmark, E.ON and CLEVER, Denmark

based e-Mobility service provider, have made a
strategic partnership. Two sides have an experi-
ence in installing and operating EV infrastructure
in Northern Europe [35]. E.ON has 2,500 charging
points in Denmark [32]. The important goal of this
partnership is to implement several hundred ultra-
fast charging stations for EVs throughout main Eu-
ropean roads with a distance 120-180 kms between
chargers [35]. Moreover, E.ON has created a smart-
phone application which is called EasyPark in Den-
mark. With using this application, the customers
(either have E.ON card or not) can find the avail-
able parking spot and the electric vehicle charging
infrastructure from the phone [36].

E.ON provides to its private customers a card
that can be used in 4,000 charging stations in Ger-
many. Furthermore, with using smart phone appli-
cation E.ON Drive, customers can find the nearest
charging station and get instant information related
to the charging status [37].

In December 2016, the company has announced
the partnership with e-bike manufacturer Derby
Cycle. E-bike manufacturer will share its experi-
ence with e-bike market and business models related
with e-bikes [38].

ENEL

In Italy, the company currently has 2,650 recharg-
ing stations for electric vehicles, 850 of them is
public and 1,800 of them is private. Customers,
whether they are Enel Energia customers or not,
can use the Enel public chargers with the smart-
phone application which is called E-go Ricarica.
The application gives chance to the customers to
charge their EV at the service station visible on the
application [39].

Enel and the ALD Automotive Italia have an-
nounced their partnership. Customers will be of-
fered solutions according to their needs. For in-
stance, with using E-Go Ricaricar, customers are
able to choose the model of the electric car that
they want to use. They need to pay only for the kms
they have covered by using the smartphone applica-
tion. Another tailored solution for the customers is
E-Go Noleggio a Lungo Termine, which offers to the
customers to rent an electric vehicle for a long-term.
Apart from these two solutions, the collaboration of
two companies offers to their customers E-Go Car
Sharing. With using E-Go Car Sharing, customers
have a chance to rent a zero emission cars [39].

Enel and Nissan has been working together since
June 2016 and they have launched together E-Go
All Inclusive in November. It gives opportunity
to the customers to buy a package with a fixed
monthly fee; Nissan LEAF with 30 kWh battery
pack, power box with installation and E-Go app
that helps customers to find the closest available
charging station and charge their EVs [40].
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The alliances with Nissan and BYD was made in
June 2016. Enel aims to be one of the key players in
Europe on electric mobility and the energy storage
with the help of these alliances [41].

In order to develop the charging infrastructure
throughout the main European motorways, Enel is
working on a project called EVA+ (Electric Vehi-
cles Arteries) with some automobile manufacturers
such as Nissan, Renault, BMW, Volkswagen and
Austrian utility Verbund. By the end of 2019, 180
fast charging points are aimed to be constructed
[41, 42].

Enel, Nissan, and IIT (Italian Institute of Tech-
nology) have announced their collaboration to work
on V2G in Italy. A pilot project on corporate car
sharing has started at IIT’s headquarters in Genoa.
Enel provides 2 charging infrastructures and Nis-
san provides 2 Nissan Leaf and an app management
platform which is called Glide to the IIT [43].

ENGIE

The name of their green mobility program is Bet-
ter Mobility TODAY which is a part of TODAY
initiative. Engie aims to improve air quality, to re-
duce noise pollution, to reduce congestion in the
cities and to optimize transit network [44].

In order to spread the green mobility throughout
Europe, Engie created a mobility program called
Better Mobility TODAY. Car-sharing, electric bus
charging infrastructure, electric charging networks,
demand-response aggregation, smart charging, and
renewable electricity for vehicles are the important
topics for electric mobility for the company [45].

During the past years they have already installed
more than 5,000 charging points throughout Eu-
rope. The company is making the design of the
charging points and the coverage of the geograph-
ical area. After the design, installations and com-
mission is done. Maintenance service is given 24/7
to the customers about the charging point. Fur-
thermore, electricity used for chargers are produced
from local renewable sources [46]. Engie provides
these service with the help of EV Box, a company
founded in 2010 in Netherlands. Engie made the
acquisition of EV Box. Both Engie and EV Box
have same vision on electric mobility; and, with
this acquisition Engie aims to combine its globally
well-known name, and energy capacities with EV
Boxs high technology EV chargers [47]. Engie and
EV Box have aimed to construct 4,000 new charg-
ing points for electric cars in Netherlands; 1,800 of
4,000 charging stations will be in Rotterdam [48].
In addition to the EV charging stations network,
Engie also provides smart charging solutions to the
customers [49].

They offer a professional car-sharing service to
the municipalities and to the companies which want
to establish a car-sharing service to its employees.

The car-sharing service that they offer includes; a
booking application for company cars, installation
and commissioning of charging stations, power sup-
ply to the charging stations with electricity pro-
duced from renewables, maintenance service, rent-
ing of electric cars [50].

Recently, Engie has announced that they invest
in Gogoros Electric Smartscooters and energy net-
work technologies. The Gogoros Smartscooter is
an innovative technology which was found in 2011
in Taiwan. The scooters are special because they
have 2 swappable batteries. The innovative battery
swapping system allows users to see the state of
charge of battery via smartphone application and
also allows them to change the batteries by using
the application [51].

Vattenfall

Vattenfall is involving of installation of charging
stations throughout Europe. They have already
installed fast-charging stations in Stockholm and
Uppsala. Moreover, in Netherlands and Germany
they operate more than 1,000 public electric vehicle
charging stations mainly in Amsterdam, Hamburg
and Berlin [52]. Nuon, a utility company which be-
longs to the Vattenfall group, and its partner Heij-
mans have announced that they won a contract for
the south part of Netherlands. They will install and
operate around public 2,500 charging points in 65
different municipalities. The installations has al-
ready started in March and it is planned to be done
until 2018 [53].

With InCharge project, Vattenfall aims to build
charging network which allows its customers to ac-
cess thousands of charging points in Sweden, Ger-
many and Netherlands. The EV owners are able
to charge their cars via using InCharge smartphone
application, charging card or RFID-tag [54].

According to the press release in March 2017,
Vattenfall invests to the project company North-
volt in order to build Europes largest lithium-ion
battery production factory in Sweden. Construc-
tion will start in the second half of 2018 and it is
planned to start production at the end of 2020 [55].

The company has announced to replace all of its
car fleet in Sweden, Netherlands and Germany with
either electric or hybrid cars. More than 3,500 pas-
senger vehicles and light commercial vehicles, 1,700
vehicles in Sweden, 1,100 vehicles in Germany and
750 in Netherlands, are going to be replaced with
EVs in 5 years. This announcement shows that Vat-
tenfall supports the movement towards zero emis-
sion mobility [56].

EDP

EDP offers some solutions about electric mobility
to its customers. One of them is the EV charging
stations. EDP makes the installation and the main-
tenance of the charging stations [57]. EDP is also a

5



partner company of Mobi.E, a Portuguese program
for electric mobility. The Mobi.E program provides
to its customers to charge their electric cars with
the public charging infrastructures throughout Por-
tugal [58].

3. Car-sharing and Self-driving Vehicles
Importance of mobility for the big cities is substan-
tial. Every day, people go to their work or school
or the places that they need to go with vehicles un-
less the distances are short. Furthermore, mobility
is important for transferring of food and essential
goods, and the transportation of waste. The world’s
population is expected to increase up to 9.1 billion
people by 2040, and 60% of the world’s population
is going to live in the big cities by 2030. Increase of
population living in the cities will bring some prob-
lems; such as traffic density, energy consumption,
pollution, and congestion. As the number of peo-
ple in the cities increases, the mobility will become
more important [3]. Combination of three impor-
tant technologies could help to prevent these prob-
lems in the future; electrification of road transport,
shared mobility and autonomous vehicles.

3.1. Car-sharing
Success of Uber

Although ride-hailing (i.e. Uber, Lyft) and car-
sharing target the same customer segment; that is,
these two type of services are rival to each other,
the success of Uber shows really good that there
is a change in people’s behaviours about car owner-
ship. In other words, people’s behaviors towards the
mode of transportation are changing. Application-
based ride-hailing, on-demand servicing (i.e. Uber,
Lyft, Juno) had 50,381 vehicles in New York City
and in 2016 they were providing service to 500,000
passengers per day [59].

Advantages of Car-sharing

Car-sharing concept has not only environmental
benefits but also provides people social and eco-
nomic benefits. Car-sharing helps to decrease the
number of car ownership. Considering a study per-
formed in Vienna last year, around 5 private vehi-
cles can be replaced by one car-sharing vehicle. Due
to this reduction in the number of car ownership, 44
million private kilometers with vehicles and 7 metric
tons of CO2 emission is prevented [60]. The GHG
emissions and the air pollutant substances can be
decreased tremendously with car-sharing. Further-
more, with the car-sharing, users do not need to
pay for the insurances, taxes, and fuel; thus, people
can save money [61].

Another benefit of car-sharing is from the social
perspective. It can be said that car-sharing could be
defined as the more responsible version hitch-hiking
in todays world [62].

Types of Car-sharing

Although car-sharing is one type of car rental,
they are quite different from each other. Usually,
customers rent the car for daily purposes for the car
rentals. The fuel cost and the insurance cost are not
included in the overall cost; therefore, customers
need to pay additional money for these costs. Fur-
thermore, customers need to make a new contract
each time they rent the car. With car-sharing, the
rates are mostly minute based. Short-term access,
gives customers the huge amount of flexibility. Most
of the car-sharing systems work with membership
based. Customers need to register to the website
of the car-sharing company. They can have the ve-
hicle via the smartphone application or from the
website 10-15 minutes before the pick-up. Unlike
the car rentals, the insurance and the cost of fuel
are included in the price [5].

There are different types of car-sharing. In sta-
tion based car sharing, the customers need to pick
up and return the cars to the stations. There are
some car parks or designated areas where the cus-
tomers can pick up and leave the vehicles. In free-
floating car-sharing model, customers can pick up
and leave the vehicles anywhere they want in the
city. This provides users huge flexibility. In peer-to-
peer car-sharing, people who have a vehicle can rent
their vehicles via smartphone application [63, 64].

3.2. Self-driving Vehicles

Self-driving, also called autonomous driving, tech-
nology is improving rapidly. The term autonomous
vehicle does not only mean a single vehicle with
a set of technological capabilities. It means rather
several vehicles interact with each other on the road
and using an online network in order to share the
data globally and learn [65].

There are 5 different types of the level of au-
tonomy. Level 0 means that there is no automa-
tion in the vehicle. At all times the driver is in
charge of the control of the car. Level 1 can be
classified as one function-specific automated. In
this type of vehicle, only one type of function is
automated at the time. If multiple functions are
operated at the same moment, they operate inde-
pendently from each other without any communi-
cation (i.e. automatic assisted breaking). Level 2
is called two functions automated and combined.
In this level, at least two primary control functions
work autonomously and together. This level of au-
tomation allows driver to leave the control to the
vehicle. The driver can leave the steering wheel to
the car and take the foot off the gas and brake.
The vehicle can achieve to drive by itself without
any driver input by combining different automated
functions (i.e. adaptive cruise control with com-
bination or lane management). Level 3 is limited
self-driving automation. With this level of automa-
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tion, the driver can leave the critical functions to
the vehicle. In other words, the driver can spend
his or her time by doing some other activities in
the car without paying attention to the drive. The
driver is only expected to be available from time
to time for occasional controls; however, they have
a sufficient time for taking the control of the car
(i.e. Google’s self-driving car). Level 4 is the full
self-driving automation. This type of vehicles can
drive themselves without needing any driver. The
vehicles can monitor the road conditions for entire
trip and carry out driving with safely with the help
of ultrasonic sensors and cameras; this type of au-
tomation is not commercially available yet [13].

Advantages of Self-driving Vehicles

Autonomous driving has lots of superiority in
driving against human drivers. First of all, they
have 360 degrees of vision range and the comput-
ers cannot be distracted like human drivers. Due
to the sensors and the camera, they can even see
in the night and they do not have a sleep pattern;
thus, they can operate 24 hours of the day with-
out any accidents. Self-driving car technology is
not perfect yet; however, they are still better than
most of the human drivers. One of the most im-
portant features of autonomous cars is the ability
to learn from the mistakes. Human being tends to
make the same mistake over and over again with-
out learning from their mistakes. Unlike the human
drivers, autonomous cars can learn from data that
all other autonomous cars are collecting due to the
online network they have between each other. Car
accidents can be prevented with autonomous driv-
ing and more lives can be saved [13].

The intelligent vehicles can reduce the space
needed substantially. An automated vehicle needs
25% less space for changing the lane or overtak-
ing a car. Moreover, with adaptive cruise control
technology, the capacity of highways can be im-
proved around 40%. In other words, the self-driving
cars could drive closer to each other at high speeds
due to the vehicle to vehicle communication on the
highways; thus, they increase highway capacity by
3.7 times and they could help vehicles to save fuel
(10-15% fuel saving) due to less wind resistance.
Furthermore, the self-driving cars can park them-
selves. This feature allows them to decrease space
between cars while parking and save 15% of the
parking space [13].

3.3. Mobility as a Service

Nowadays, people own cars just because they need
mobility-on-demand; that is, they want to be free
and want to travel whenever they want and wher-
ever they want. Most of the people don’t really
want to own a car since it is costly. Combination of
EVs and self-driving vehicles will most likely to dis-

rupt the conventional transportation and will cre-
ate on-demand mobility service. With mobility as a
service, people will travel around cheaper with the
same level of flexibility and comfort. Since this ser-
vice will be cheaper than the cost of car ownership,
most of the people will stop owning a car and use
this service. As a result, the number of cars on the
roads will decrease tremendously [13].

4. EV Charging
4.1. Impact of EV Charging on the Grid
Electric vehicles are one of the best solutions to
decrease the greenhouse gas emissions and air pol-
lution in the cities due to transportation. However,
renewable electricity should be used in the cars in
order to have overall lowest carbon footprint. If the
electricity used for charging is produced from coal,
the overall carbon footprint of EVs are worse than
the overall carbon footprint of ICE vehicle works
with gasoline [5].

As the number of EVs on the road increases,
the boundaries between the transportation and the
power generation will disappear since EV charging
will have some impact on the grid. These two sec-
tors should work together in order to balance the
grid. Smart charging and vehicle to grid (V2G)
technologies will be more important in the future
[66].

Smart Charging

Smart charging, also called managed charging,
is a way of charging the EVs in contrast to un-
controlled and user-driven charging patterns. The
charging patterns and when the EVs are being
charged strongly affects the grid. With the help of
smart charging, the negative effects of EV charging
on local grids can be eliminated. Also it eliminates
more GHG emissions [66].

If EVs are connected to the grid not only at
homes but also at the workplaces during the day,
smart charging can be applied to more vehicles;
thus, a positive impact of smart charging on the
grid can be seen. The willingness of EV owners
to use smart charging approach is very important.
EV owners can be incentivized by offering them
cheap charging options or some discount through
their electricity bills [7].

Vehicle to Grid (V2G)

With the increasing penetration of EVs in the fu-
ture car market, their batteries could be used as a
grid source in the future. V2G creates opportunities
to generate cleaner power, to have a lower energy
cost both for the EV owners and utility companies,
and to achieve greater stability in the grid. An av-
erage car stays parked 23 hours of one day [67].
Moreover, an average charging time of the EVs is
around 7-8 hours with slow chargers. When an EV
is considered to be plugged into the grid 96% of its
time, this creates a huge opportunity for using EVs
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as a grid source. EVs could back up the grid when it
is needed and they can help for the peak hours shav-
ing by supplying their renewable electricity which
is stored in their battery. Furthermore, one of the
goals of V2G application is to increase the penetra-
tion of renewable energy sources in the grid. The
cost of solar PV and wind turbines are decreasing
and renewable energy production in the future is
expected to increase due to the low emission energy
policies. Due to the fluctuating nature of solar and
wind, penetration of these renewable sources will
create instabilities in the grid [68]. V2G has a po-
tential to decrease these instabilities; thus, it could
increase the penetration of renewables [67]. Like
smart charging, V2G has the same problems about
the willingness of the EV user. Since the users need
to sacrifice some of their freedom, they need to be
incentivized.

4.2. Electric Vehicle Supply Equipment (EVSE)

Availability of charging infrastructure is one of the
key factors in order to overcome range anxiety of
some of the drivers for the EVs. The electric ve-
hicle uptake will increase with more charging sta-
tions in the cities and on the main roads. This is
more like a chicken-and-egg problem since more EV
brings more charging infrastructure; likewise, more
charging infrastructure will increase the adoption
of EV in the vehicle market. There are 3 different
types of charging points; private/domestic charg-
ing points, semi-public charging points, and public
charging points [69].

5. Discussion and Proposals
5.1. Electric Mobility from Iberdrolas Perspective

Likewise its competitors, Iberdrola gives impor-
tance on sustainability by decreasing the GHG
emissions and increasing the use of renewables in
the electricity generation. According to the Dow
Jones Sustainability index, Iberdrola decreased its
GHG emissions by 31% in last five years and by
75% since 2000 [70]. Moreover, in 2015, the share
of renewable energy was higher for Iberdrola when
it is compared with its competitors [71]. In or-
der to promote green mobility, Iberdrola came up
with a sustainable mobility plan, and 23 initiatives.
According to this plan, they incentivize their em-
ployees to use electric vehicles [72]. Furthermore,
Iberdrola offers two different charging options to
its EV user-customers; Green Charge, and Smart
Green Charging [73]. An agreement between BMW
and Iberdrola allows to the utility company to use
BMW i3 cars in their car-sharing service which they
provide to its employees [74].

5.2. Proposals on Possible Future Business Areas
for Iberdrola

Car-sharing Service Provided by Iberdrola

It is projected that around 35 million users will
drive 1.5 billion minutes annually by 2021 with car-
sharing. Furthermore, this will bring a revenue of
e4.7 billion. Europe will be the biggest market
in car-sharing and it is expected to have revenues
around e2.1 billion [61].

After the detail research done on the prospective
future market in the mobility services, it can be said
that it would be a good idea to involve in electric
mobility programs as one of the biggest utility com-
pany in the world. According to my opinion, car-
sharing with EVs would have benefits not only for
increasing the penetration of renewables for Iber-
drola but also for giving chance to them to exist
in different potential future markets. With having
EVs in their car fleet, they could use their batter-
ies as a source for the grid when these cars are not
rented by the customers (smart charging or V2G).
For example, with the V2G application, Iberdrola
can use that electricity in the car batteries when it
is needed in order to decrease the expenses of the
company during the peak times. The optimization
between the charging and renting the car can be
done easily. My proposal would be establishing a
car-sharing service in Madrid since it is a very good
candidate to start this service. It can be seen from
the success of ride-hailing companies (Uber, Cabify)
and some car-sharing companies (car2go, Emov) in
Madrid that people in the city are eager to use these
kind of services due to the congestion and parking
problems mainly in the city center.

A smartphone application can combine the car-
sharing service, EV charging service for the EV
owners, and smart charging and V2G services for
the EV owners. Due to this combination in the
smartphone app, Iberdrola could reach different
type of customer segments by using only one plat-
form which makes it easy also for the customers.
Furthermore, with combining these services in one,
EV owners could be incentivized to use the V2G or
smart charging more.

6. Conclusions

The objectives of the thesis were investigate the fu-
ture of electric mobility mainly in Europe for 2030
and 2040 and propose a different business model ac-
cording to these new e-mobility trends to the utility
company Iberdrola. In order to reach the goals, de-
tailed literature research was done on the following
topics, (i) EV market outlook and future projec-
tions on the market, (ii) self-driving vehicle tech-
nology, (iii) car-sharing applied to EVs, (iv) vehicle
to grid (V2G) applications, and (v) fast charging.
Furthermore, actions of competitors were investi-
gated in order to obtain information about the pos-
sible future business models. With the help of these
extensive research done by the author, an electric
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car-sharing business model was proposed for Iber-
drola. The business model will help Iberdrola to
involve in a new emerging market for the future.
The value proposition of the model is flexible, en-
vironmental friendly (zero emission) and economic
mobility service for the customers. In addition to
renting the vehicles to the customers, owning an EV
fleet and using the smart charging and V2G tech-
nologies with this EV fleet would help Iberdrola to
manage their power production. For instance, Iber-
drola could decrease its operation cost at the peak
times by using V2G technology from its EV fleet
as well as the V2G service that they provide to EV
owners. In my opinion, a service of electric car-
sharing to its customers as well as EV charging ser-
vice, would help Iberdrola to be more active in this
field to reach the company goals; decrease the GHG
emissions and have a sustainable mobility. Further-
more, Iberdrola can use the advantage of disappear-
ing the boundaries between mobility sector and the
power generation sector by providing the electric
car-sharing service.
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