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Executive summary
Electrical energy storage will be one of the key technologies in the Alpine Space
areas in the future. It has been shown that storage solutions have certain unique
capabilities in dealing with some critical properties of power supply, e.g. demand
fluctuations, interruptions. In the near future, storage will become an indispensable
technology in the Alpine Space in order to utilize more renewable energy sources,
achieve CO2 reduction goals and to successfully implement Smart Grids.
In this report several key storage technologies are presented with the emphasis on
their cross-border applicability. Some storage technologies will be able to offer more
benefits with international approach to their planning and integration into the power
system. Namely, power system is a large synchronously operating system that links
together several countries, including countries of the Alpine Space, and large-scale
energy storage systems will certainly have impact on the system that will not be
limited by national borders.
The report is a collection of several reports on individual storage technologies, Smart
Grids, electro-mobility and, finally, ICT identified as the enabling factor. The first
chapter is an introduction on the drivers to the Energy Model paradigm change: in the
development of power system, EU must achieve ambitious targets that will increase
share of renewable energy sources, reliability of energy supply, reduce impact on the
environment, and provide economic growth and the development of jobs and
employment. This will require change in the concept of power system operation and
management – transition of the network towards modern power system or Smart
Grid.
The second chapter, “Report on Smart Grid Concept” will outline key definitions and
features of the Smart Grid itself, with special emphasis on storage technologies.
Smart Grids represent the foundation and a prerequisite for the introduction of certain
energy storage technologies. As such, it is also a very important element of the
project AlpStore.
The next two chapters represent two types of energy storage technologies, i.e.
electrochemical storage technologies and hydrogen technologies.
A focus is proposed for the Storage apparatus grid integration issues, considered
one of the key point for a correct definition of the picture, i.e. to correctly point out the
possible role of each actors and suggest the most effective structure (not only from
the technical point of view) for an effective development of these new technologies.
The last chapter describes electro-mobility and ICT technologies as the enabling
factor for grid development.
Finally, general conclusions are presented in a Cross Border application prospective.
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1. Renewables as a driver for the energy systems
evolution
Renewable energies are intended as the energy sources that are generated directly
from nature and are unlimited, differently from fossil fuels. Since fossil fuels are going
to increase in costs, switching to renewable energies is a safe path to drive society
toward a sustainable economy. Moreover renewable energies are emission free, in
the sense that they don't increase the amount of greenhouse gases, such as carbon
dioxide (CO2) in the atmosphere.
Renewable energies are solar energy, wind energy, hydroelectricity, tide energy,
geothermal. In the heart of Europe, and in particular in the Alpine region, renewable
energies represent a good resource, in particular represented by wind energy, solar
energy and hydroelectricity.
The wind has always been used by humankind as power: for example we have
windmills, hydraulic pumps. Currently it is thought that the wind can provide
renewable electricity in a good percentage with respect to the total amount of energy
need. It is in fact a form of energy that is found on Earth in different landscapes, from
the oceans to the top of mountains. There are currently different types of plants
predisposed to transform the kinetic energy of the wind into electrical energy. The
most common wind plants have blades, ranging from a few kW to a few MW. In
particular, this technology can be used both in individual systems and wind farms,
when conditions permit.
Wind power plants have two main locations: the plants on the mainland, namely onshore, and those on the sea, known as off-shore. In both cases the environmental
impact is much reduced, and there are no contraindications to the impact on the
ecosystem.
Alps power plants are typically located in orographic channels or passages.
Wind energy is very interesting and definitely offers tremendous opportunities for the
future. However, the fact that it is highly intermittent generates the need to store at
peak times and reuse the same energy in times of need. The storage is necessary
because a surplus of electricity fed into the grid, as well as lost, could cause serious
damage. One solution is to store the energy and use it in times of reduced supply.
The solar energy, and in particular photovoltaic, has undergone a considerable
increase in recent years, both for technological reasons both for socio-economical
reasons. It is in fact an energy production system that requires no sources
(flammable or explosive), it is static, thus reducing the risk of accidents and finally
requires very low maintenance. The hazard is the same lines of conduction of
electricity. The possibility of being integrated in buildings makes this type of plant
space-saving and extremely suitable for distribution in urban centres. The
economical incentive received in recent years has meant that it is economically
advantageous to install a domestic or industrial applications. The return on
investment, evaluated in a few years, has resulted in large gains in the following
years, for the entire duration of the incentive. Photovoltaic is a method of production
for electricity that cannot be controlled or predicted with high accuracy. It is not as
intermittent as the wind: you get a minimum daily production in all weather
conditions, except for moments characterized by heavy snowfall. We can consider
this source of energy partially stable, however, characterized by a mismatch between
the moments of maximum production and maximum requirements. In fact, comparing
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the time of day in which there is a maximum production of solar electricity, they
coincide with the hours when there is less need for electric lighting and, given the fact
that people are away from home. This argument only partially applies to companies.
Also the solar energy therefore requires a storage system that allows to translate the
moments of higher availability compared to those of higher demand.
The Alps reach high altitudes, often over three thousand meters. This makes them
attractive for solar energy. In fact, at that altitude the light intensity is much greater
than the intensity at sea level.
Hydropower in the Alps is used for the past hundred years. This was the first source
of renewable energy used in Italy and gives a valuable contribution to energy quality
in Europe. It hasn't an intermittent trend, but may depend on the weather conditions:
there were in fact years with low income due to poor rain and snow falls.
Hydroelectric power plants have the same power regardless of the time of day. A
storage system can, however, be used whenever there is a surplus in production
during the hours of reduced demand, for example during the night.
Moving on the electric grid perspective, nowadays is well accepted that the traditional
distinctions between the production, transmission, and distribution of electrical
energy are changing. Actually, all over the world, new actors are rising their role in
electric power system: renewable generation (mainly connected on distribution grid),
storage apparatus, e-mobility, etc, driving to new issues on regulation and control of
the electric grids:
• the power flows direction, which is not necessarily a top down distribution;
• the intermittence of renewable energy sources;
• the possible huge presence of new electric loads related to the e-mobility.
All of these changes are reflected in the availability, reliability and quality of supply of
electrical energy. The technological solutions actually under consideration to meet
these new requirements includes:
• Smart distribution grids, resulting as a merge of ICT technologies and new
electric power apparatus;
• Power electronic converters suitable designed in order to provide ancillary
services to the grid;
• Energy Storage Systems (ESS);
• E-mobility charge station integration in the electric control centre.
In the future, the electrical system should be able to integrate all users and at the
same time to guarantee power quality, stability and safety over time. Concerning the
integration of renewable energy sources, the new issues are related to the
intermittence of this generation typology. An high penetration of intermittent power
plans will reduce the capability to the support the system in case of critical events.
In order to achieve a suitable network reliability, technological solutions which involve
ESSs have to be considered. In this way, renewable energy sources can be exploited
to provide ancillary services to the main grid.
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2. REPORT on Smart Grid concepts
Climate issues, energy saving requirements and general energy needs are the
impetus driving national governments to offer incentives to the large-scale
deployment of Renewable Energy Sources (RESs). This energy policy has
significantly increased the amount of Dispersed Generation (DG) over the past
decade and has resulted in several benefits, such as a reduction of the greenhouse
gas emissions and a lower dependence on oil. However, DG diffusion has important
consequences for the operation of electrical networks, which must be properly
addressed in order to avoid deteriorating power quality, reliability and supply
efficiency.
Strengthening and upgrading existing networks is of paramount importance for an
effective RESs integration, an enhancement of grid security and efficiency, the
development of the internal energy market and a better energy saving. To achieve
these goals it is not only necessary to build new lines and substations, but it is
essential to make the overall electricity system smarter through the suitable
integration of Information and Communication Technologies (ICTs).
Smart Grids (SGs) can be described as an upgraded electricity network enabling
two-way information and power exchanges between suppliers and consumers,
thanks to the pervasive incorporation of intelligent communication monitoring and
management systems. However, the realization of physical infrastructures by itself
will not be sufficient to deliver the benefits envisaged for SGs, and must be
complemented by new business models and practices, new regulations, as well as
more intangible elements such as changes in customers behavior and social
acceptance. Many different stakeholders are involved in this process at all levels of
the electric energy chain.
In the following, in order to clarify the motivations at the basis of the research activity
described in this report, initially a definition of SG is provided. Then, an overview is
given about the factors driving toward the SG paradigm, the services and features
provided by these innovative systems.

2.1.

Smart Grid definition, objectives and enabling factors

Worldwide, Smart Grids are considered an essential aspect of power systems
evolution, essential to face with the changing energy needs. SGs will drive the
transition from the current concept of electricity networks toward a modern, optimized
infrastructure able to exchange information in a bidirectional way with all users, in
order to adapt to different situations, even in case of failure. In SGs, the existing
electrical network and ICTs are integrated in a single infrastructure, to create a new
intelligent system. In the future networks, producers, suppliers, consumers and
storage systems will interact in a free market, facilitating the entry of new players,
possibly of small size.
It is not simple to give a proper definition of the SG concept, because many (and very
different) features characterize the networks of the future. The term Smart Grid, in
fact, today covers many aspects and applications, such as the remote control of the
equipment located on the grid or within the home, the RESs integration, the
installation and management of recharging points for electric mobility, the provisions

Page 4 of 84
898989

Alpine Space Programme

to ensure an adequate electricity supply safeguarding the environment, the advances
in the energy market, etc. [1].
A possible definition of Smart Grid is the one adopted by ERGEG (European
Regulators’ Group for Electricity and Gas), which extends the definition given by the
Smart Grids European Technology Platform [2] in order to emphasize that the
investment in SG should be directed to:
 give a solution to the existing electro-energy needs on the medium and long
term;
 bring value to the end-user;
 bring direct benefits to all network users.
This definition states [3]: “Smart Grid is an electricity network that can cost-efficiently
integrate the behaviour and actions of all users connected to it – generators,
consumers and those that do both – in order to ensure economically-efficient,
sustainable power systems with low losses and high levels of quality and security of
supply and safety.”.
Among the many aspects and components within SGs boundaries, a key role is
played by small/medium size generators, enabling RESs exploitation and driving
toward an evolution in distribution grids from passive to active, and by ICT resources,
strictly joined with energy networks (Figure 1). In detail, Information and
Communication Technologies will allow a fast and reliable communication among all
the subjects involved, suitably integrating Distributed Energy Resources (DERs) in
power systems, enhancing the active participation of users and promoting new
business models. In this way, the actual needs of various actors of the system could
be met by providing them innovative services. The social impact of these new
services will require to be carefully assessed, also through demonstration projects on
field, involving real users.

Figure 1. Power system evolution toward Smart Grids.

To foster customers participation in new business models, as already mentioned, a
bidirectional communication channel is essential: to meet some requirements
(primarily commercial), the most appropriate communication vector (economic,
pervasive, and already including many of the features required) is the infrastructure
of electronic meters. For this reason, it is widely acknowledged that the evolution
toward SGs will be made easier by the spread of smart meters (Figure 2) [4].
However, SGs will not be limited to the deployment of devices for the electronic
metering. In order to provide a customer-oriented service, to ensure the improvement
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of the quality of supply and to increase the network efficiency and reliability, a broadspectrum updating of power systems will be required, able to affect the network’s
design, planning and operation and all the stakeholders involved [5].
Moreover, the increasing participation of end-users, for example fostering their
consumption to time periods characterized by low energy prices, will offer great
benefits to the whole system, such as a more cost-effective sizing of grid
components, an efficient energy production, etc. Network operation will become more
and more “dynamic”: DSOs will ensure the efficiency and quality of their supply,
properly managing in real time DG and load injections and withdrawals, for example
changing the configuration of their grids. Finally, SGs will allow an increasing use of
electric mobility, suitably satisfying its energy needs and supporting its fast spread.

Figure 2. Level of implementation of smart metering by European countries [6].

The transition of the transmission system toward the SG paradigm will require only a
few changes, while distribution networks will need the introduction of deeper
interventions to accomplish this passage. In fact, despite DERs penetration inevitably
impacts also on HV systems, to date transmission grids can be considered already
“smart”: they are conceived to manage active power flows, by integrating automation,
control and monitoring devices, and communication systems. On the other hand, as
already mentioned, distribution grids are planned and operated as passive systems.
In this context, new solutions must be defined also assessing technologies and
business models through suitable field tests.
In the following, a description of the drivers fostering the SGs deployment is reported,
focusing on distribution networks, i.e., the sector mainly affected by the SGs
evolution.

2.2.

Smart Grid services and features

Smart Grids are the answer to specific requests from governments at global (G8,
G20), European (EC) and national level to move toward a sustainable development,
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to be environmentally friendly, durable and capable of reduce the costs for users.
Moreover, they aim at satisfying the need of technological evolutions devoted to
overcome the current limits of the automation, protection and control systems on
distribution networks, unable to ensure adequate efficiency and reliability standards,
especially in presence of large DG amounts.
The objectives of the “climate-energy package” (also known as “20-20-20”) [7] are set
in this framework. According to “20-20-20”, the EU countries have committed, by
2020, to reduce by 20% emissions of greenhouse gases compared to 1990, to
ensure that 20% of the gross final consumption of energy is get from RESs, and to
reduce energy consumption by 20% compared to the forecast of trend scenario. The
Third Energy Package issued in 2009 [8][9] underlined that in Europe the electricity
production from RESs must cover a key role, but attention must be put also on the
opportunity to address the consumption habits of end-users, in order to take
advantage from the opportunities offered by each RES generation technology. To
achieve these goals, a suitable development of power systems and an optimized
energy flows management are needed, using new technologies, such as ICT, power
electronics and storage systems.
Smart Grids will primarily provide an answer to all the issues currently affecting
networks (mainly caused by RESs), enabling through new technologies the suitable
management of grids and supplying a satisfactory service to customers, also in
presence of strong DG penetrations.
However, in addition to the ability to effectively integrate RESs, SGs will provide a
wide set of novel services to the different power system actors. In order to outline the
SGs boundaries, the study of these services is essential.
In the following, high-level services provided by SGs are described (Figure 3
summarizes them together with the technologies and infrastructures needed) [16].
The delivery of new services requires specific network features: the main novel
features required for their provision are reported with the services description.

Figure 3. Smart Grids services and features.
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2.2.1.

Enabling the network to integrate users with new requirements

SGs have to guarantee the integration of DERs (both large and small-scale
stochastic renewable generation, heat pumps, electric vehicles and storage)
connected to distribution networks. This service is provided by DSOs, while the
benefits are for the entire system (producers, customers, owners and operators of
ESSs).
To this purpose, a suitable DG integration within the power system must be ensured,
by simplifying and reducing the cost of the connection process, and by supplying
safely the electricity necessary to the new energy needs of end-users. The
technological and regulatory challenge consists in ensuring the DG integration, at the
same time safeguarding the network integrity and an adequate level of security
during the system operation. DSOs should pay particular attention to the connection
of DG power plants from non-programmable RESs, which require suitable
supervision and management. To face with these issues, in perspective generators
will provide ancillary services to support the network.
The data collection covers a pivotal role within SGs, both for regulatory purposes
(e.g., to regulate end-users Quality of Service) and to make available to users an
accurate and complete information about their behavior.
2.2.2.

Enhancing efficiency in day-to-day grid operation

Smart Grids help to reduce the number and duration of interruptions affecting users,
caused by failures or anomalies on the grid, contributing to improve the continuity of
supply. New features for the automated fault identification, optimal network
reconfiguration and protections schemes dynamically adapting to the network
topology are essential in this process.
Detailed information about active and reactive power flows, voltages and grid
components could be suitably exploited to prevent critical operating conditions, to
plan properly the network development and to evaluate the options available for the
connection to the grid of new DG plants. The identification of technical and nontechnical losses through power flow analysis, network balances calculation and smart
metering information will allow new standards of operation for distribution grids.
Moreover, the new control resources (DG, ESSs, controllable loads) will make
possible the management of power flows and voltages along lines. DSOs (and
metering operators) are the providers of these services. The benefits are for the
whole system (consumers, generators, suppliers), included the same DSOs.
2.2.3.

Ensuring network security, system control and quality of supply

DSOs, aggregators and suppliers must foster the system security through an
intelligent and more effective DERs control, ancillary backup reserves and other
ancillary services. The objective is to maximize the ability of the network to manage
intermittent generation without affecting quality of supply, allowing DSOs to increase
the amount of DG that can be connected to the distribution system. Among the
innovative features offered by SGs, as already mentioned, the transfer trip covers a
key role: in case of fault involving a MV feeder, a trip message is sent to the
generators underlying, ensuring their sudden disconnection. On the contrary, during
normal operation, the frequency thresholds of DG IPRs are set wider, avoiding an
unintentional tripping caused by perturbances originating on the transmission
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network. So, the coordination capacity of protection devices, made possible by new
communication systems on distribution networks, ensures better network security,
system control and quality of supply, also with a direct impact on the efficiency in
day-to-day operation of the grid.
Finally, new solutions allow users and aggregators to participate in Ancillary Services
Market to enhance network operation, to improve the operation schemes for
voltage/current control, to allow intermittent RESs to contribute to system security
through automation and control, and to make possible demand response techniques.
System security assessment and management of remedies is provided
(emergencies, such exceptional weather events, force majeure events, cyber threats,
etc.).
The primary beneficiaries of these novel services are active and passive customers,
aggregators, DSOs and TSOs.
2.2.4.

Enabling better planning of future network investment

A better knowledge of the grid (also at LV level) enables the optimization of the
network operation, taking into account the needs of all the actors involved (load,
generation, ESSs). The use by DSOs of advanced techniques for the active
management of distribution networks, i.e. properly managing DG injection profiles,
drives toward a better use of the existing assets, allowing the deferral of the
investments required for structural interventions (new lines, transformers, etc.). The
additional information on supply quality and consumption made available by the
smart metering infrastructure is useful in supporting the network investment planning.
Customers and generators (and, if available, storage owners) benefit of this service.
2.2.5.

Improving market functioning and customer service

SGs will increase the performance and reliability of the current market processes,
through improved data and data flows between market participants, enhancing
customer experience.
The provision of more complete and timely information to users about their energy
withdrawals/injections will increase their awareness, thus promoting a more efficient
use of energy and a more informed access to the market. The next generation of
electronic meters will allow the adoption of multi hourly and/or dynamic tariffs, which,
combined with demand response strategies, will bring clear benefits to customers
willing to make more flexible their power exchanges (also reducing the energy price
during peak hours).
Moreover, SGs take advance by new market players (e.g., aggregators), providing to
DSOs new services (e.g., load interruptibility, reactive power regulation, exchange
profiles forecasting, etc.) obtained by aggregating a large number of load/generation
resources, which alone could not gain access to the market. In this context, the grid
solutions for electric vehicles recharging are fundamental, such as an open platform
grid infrastructure for electric mobility recharge purposes accessible to all market
players and customers, and a smart control of the recharging process through load
management functionalities of electric vehicles.
This service is provided by applications and services suppliers, power exchange
platform providers, DSOs and metering operators, while customers (and suppliers
themselves) benefit of the new business models.
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2.2.6.

Enabling and encouraging stronger and more direct involvement of
consumers in their energy usage and management

A primary objective of SGs is to foster a greater consumption awareness taking
advantage of smart metering systems and improved customer information, in order to
allow consumers to modify their behavior according to price and load signals and
related information.
The remote metering management collects detailed information about users’ active
power withdrawals/injections and exchanging with customers information useful to
manage and make flexible their energy behavior (e.g., price signals). All the relevant
information (data about energy exchanges, price signals, etc.) are sent by the smart
meter to displays or other devices in the home to enhance the interaction with the
end-user.
As main objectives, SGs must also foster all actors to participate actively to the
electricity market through demand response programs and manage effectively
variable and non-programmable RESs. The involvement of customers in their energy
management brings benefits related to new business models and to the possibilities
given by the resulting flexibility increase. The challenge of SGs lies in identifying
effective ways of informing end-users and interacting with them, providing useful
services without requiring complex or binding actions.
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3. REPORT on Electrochemical Storage Technologies
In the last decade, the rising contribution of Renewable Energy Sources (RESs)
greatly affected the power systems operation, resulting in a worsening of their
reliability, efficiency and security. As a matter of fact, today, more than 20% of the
energy generated from RESs during the day is wasted due to congestions on
electricity networks [18].
To face with the issues introduced by DG, a significant innovation in both
transmission and distribution networks is required, integrating more and more
“intelligence” and flexibility, according to the already cited Smart Grid paradigm.
Growing consensus is gathering around the idea that energy storage technologies
could – and should – play a key role in this process, bringing economical, technical
and environmental benefits to the power systems operation nowadays and in the
next future.
On the one hand, Energy Storage Systems (ESSs) will add fast charging and
discharging energy storage resources to the grid able to improve the power quality,
and security, of the energy supply provided to users (“power” applications); on the
other hand, ESSs will make more efficient the use of the electricity and will lower
carbon footprints, storing energy for future use (“energy” applications). Without
having a cost-effective solution to these issues, the future of renewable energy will
be bleak, with RESs remaining a niche market [18].
In a perspective scenario of ESSs deployment, the key buyers are corporate or
government entities, so policy plays a crucial role in the current early phase of
development of such solutions. In the Italian framework, the first steps toward a field
implementation of ESSs have been recently accomplished: the new legislative and
regulatory evolutions authorized Network Operators to install and manage
electrochemical ESSs (batteries) on their networks, on condition to include them in
demonstration projects.
In the present chapter, an overview of the main characteristics, features and
worldwide experimentations of electrochemical ESSs is provided, focusing on the
most promising technologies for Smart Grid applications.

3.1.

Electrochemical Energy Storage Systems

A battery is a device that converts the chemical energy contained in its active
materials directly into electric energy by means of an electrochemical oxidationreduction (redox) reaction. A battery consists of one or more electrochemical cells,
electrically connected in an appropriate series/parallel arrangement to provide the
required operating voltage and current levels, including, if any, monitors, controls,
and other ancillary components (e.g., fuses, diodes), case, terminals, and markings
[19].
When installed on a grid, in a given instant a battery must provide a power exchange
(injection/withdrawal) that depends both on the application to which the ESS is
devoted and on the site of connection within the network (technical constraints). The
response times and durations required are different depending on the application to
be performed: in fact, different applications may require very different autonomies,
varying from a few seconds to several hours. If the application needs to exchange
large power quantities in short time intervals (from fractions of a second to some
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tenths of seconds), the ESS must have proper “power” performances; on the
contrary, if for the given application it is necessary to absorb/inject energy for minutes
or even hours (with power close to the rated value), “energy” performances are
required. So, once the application of interest is identified, the ESS size is a function
of the power and capacity to guarantee.
ESSs most suitable for applications requiring good “power” performances are
supercapacitors and flywheels, which can supply useful ancillary services to the
network, especially for power quality and primary frequency regulation.
ESSs technologies with interesting “energy” performances are, besides pumpedhydro and CAES (Compressed Air Energy Storage) plants, some electrochemical
ESSs, such as lithium-ion, sodium-sulphur or redox flow batteries. These ESSs
technologies can perform multiple functions to support network, such as peakshaving and time-shifting, and can be coupled with photovoltaic and wind farms.
While pumped-hydro and CAES plants have typically large sizes, with power usually
of some megawatts and capacity of some hours, which makes them particularly
adapt for transmission networks, electrochemical ESSs, thanks to their modularity,
can provide their support even to distribution grids, if installed along feeders or by
users.
Table 1 provides a rough idea of the performances required to ESSs, according to
the application of interest, in terms of rated power, autonomy, cycles in a year and
lifetime [20]. It is possible to observe that, while ESSs rated power strongly reduces
passing from transmission, to distribution, to the home scenario, their capacity
remains in most of grid support applications at considerable levels (hours). As the
cost of ESSs is mainly related to their autonomy (energy), this is one of the aspects
most limiting the ESSs spreading in power systems.
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Table 1. ESSs application requirements [20].

Figure 4 shows the typical sizes of different ESSs technologies available on the
market [21]. It can be used to assess which technologies are best suited to provide
the various functions needed within networks.
The graph confirms that CAES and hydro are almost the only feasible solutions for
large plants, while capacitors are still confined to “power” applications. The other
ESSs technologies are quite overlapping on the plot, usually providing power up to
some tenths megawatts and discharge times up to 10-20 h. Also in this case, to note
that most of ESSs technologies have a preferred discharge time lower than 1-2 h.
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Figure 4. Comparison among ESSs technologies in terms of power and discharge time [21].

The so-called diagram of Ragone (Figure 5) is an effective method to highlight the
different ESSs characteristics: it allows storage technologies to be compared on the
basis on their energy and power, keeping constant weight. Given an application,
using this diagram it is possible to identify the ESS most suitable to perform the
required function. The technologies suitable for “energy” applications are reported in
the upper part of the diagram, while ESSs with great “power” performances (high
power density) are located in the rightmost part (flywheels, supercapacitors).
In addition to these aspects, a further feature affecting the selection of the storage
technology is the response time (i.e. the ESS attitude to vary rapidly its power
exchange with the grid): an ESS must have a response time adequate to the relevant
application. Electrochemical ESSs have generally good performances in terms of
response time: for network support services, especially for energy management
purposes, this characteristic usually results a non-binding aspect.
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Figure 5. Ragone Plot of electrochemical ESSs.

Figure 6 reports a final comparison among storage technologies according to their
performance in different power systems applications.

Figure 6. Outlook of the ESSs technologies and their performances in network applications
[22].
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In recent years, the efforts for the research and development of electrochemical
ESSs greatly increased especially driven by Smart Grid applications, requiring
modular and reliable batteries with great autonomy, to be installed directly on
distribution networks, along feeders or by users. Moreover, electrochemical ESSs are
the only choice when it is necessary to store energy, but there is no possibility (or it is
not convenient) to realize pumped-hydro or CAES plants.
Today, R&D efforts on electrochemical ESSs are primarily focused on improving the
cell power density, their efficiency and security, and on reducing costs. The most
promising technologies seem to be the high-temperature batteries (i.e. NaS, Na-NiCl)
and those based on nickel-metal hydrides, Li-ions and redox-vanadium. In a longterm vision, the metal-air technology is very interesting. Among electrochemical
ESSs, the most cost-effective technologies are NaS, followed by VRB (vanadiumredox batteries), Na-NiCI and Li-ion batteries. Traditional lead-acid batteries are in
the last position, because of their very short life.
In the following, the working principle and the main characteristics of the
electrochemical storage technologies most promising for distribution systems
applications are outlined [18]. First, the study faces with the technologies already in
an advanced/commercial stage of development. Then, ESSs technologies today still
in a R&D phase, but interesting for a perspective deployment in power systems, are
depicted.

3.1.1.

Lithium-ion

Lithium-ion (Li-ion) batteries use lithium: with its great electrochemical potential, it
allows for very high energy and power-density solutions. In a typical Li-ion cell, layers
of graphitic carbon are used as anode material, and lithiated metal oxide as cathode
material (Figure 7). The electrolyte is a blend of lithium salt in an organic carbonates
solution. When a battery is being charged, lithium ions move out of the cathode into
the electrolyte solution and flow freely onto the negative electrode. The Li-ions
combine with external electrons at the anode and are deposited between the carbon
layers as lithium atoms. The process is reversed during discharge.
There are many species in the Li-ion family, with the type of lithium-ion
conventionally grouped according to its cathode materials. These include lithium
cobalt (LCO), lithium manganese (LMO), lithium iron phosphate (LFP), lithium nickel
manganese cobalt oxide (NMC), lithium nickel cobalt aluminum oxide (NCA), lithium
titanate (LTO) and newly developed materials.
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Figure 7. Cylindrical lithium-ion cell and charge/discharge reactions [22].

Most of the consumer electronics market today is dominated by Li-ion technology,
which has replaced lead-acid and NiMH batteries. Yet, the hurdles are high for largescale battery application due to the increased cost, stringent thermal management,
safety protection design, etc. However, for distributed applications devoted to
network support, Li-ion today is one of the best choices, allowing for both “power”
and “energy” applications.
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Low

Low
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Table 2. Typical parameters of most widespread Li-ions cells.

3.1.2.

Sodium-sulphur

Sodium-sulphur (NaS) batteries are suitable for high capacity ESSs designed for
electric “power” applications and backup power supplies, belonging to the family of
high temperature electrochemical ESSs.
In NaS batteries the two electrodes are in a molten state, physically and electrically
isolated one from each other by a ceramic separator (solid beta alumina) that allows
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the passage of ions and operates as electrolyte (Figure 8). The positive electrode
consists of liquid sulphur, while the negative electrode has liquid sodium as active
material. The electrolyte allows positive sodium ions to slip through and combine with
sulphur to form sodium polysulfides.

Figure 8. NaS cell charge and discharge reactions.

During discharge, positive sodium ions flow through the electrolyte, and electrons
flow in the external circuit of the battery. The process is reversible, as charging
causes sodium polysulfides to release positive sodium ions back through the
electrolyte to recombine as elemental sodium. In order to keep sodium and sulphur
molten and retain the conductivity in electrolyte, they are thermally insulated to
operate at 270-340°C. At high temperature, both active materials react rapidly and
internal resistance is low, thus the NaS battery performs well. By reversible charging
and discharging, the NaS battery can be used continuously.
NaS cells are efficient (89%) and have a pulse power capability over 6 times their
continuous rating; this enables the NaS battery to be economically used in combined
power quality and peak-shaving applications.
On September 21, 2011, NGK-manufactured NaS batteries installed at the Tsukuba,
Japan, plant caught fire. The fire caused the NAS batteries, which had been installed
in a special package outside, to burn. Following the incident, NGK temporarily
suspended production of NaS batteries (October 2012) [23].

3.1.3.

Lead-acid

Lead-acid batteries have the longest commercialization history among all types of
existing rechargeable batteries, and are currently the most widely used for
electrochemical ESSs in mobility and stationary applications. Lead-acid is composed
of several sub-technologies by different manufacturing process (flooded lead-acid
batteries, lead-acid batteries with the electrolyte immobilized by a gel or in an
absorptive glass mat). During charging, lead-acid batteries use a voltage-based
algorithm similar to lithium-ion.
A lead-acid battery is composed of a lead-dioxide cathode, a spongy/porous lead
anode, and a sulphuric acid solution electrolyte. The lead is porous to facilitate the
formation and dissolution of lead. During charging, the lead sulphate and water are
electrochemically converted to lead, lead oxide and sulphuric acid by an external
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electrical charging source. On discharge, the lead dioxide (positive plate) and lead
(negative plate) react with the electrolyte of sulphuric acid to create lead sulphate,
water and energy.
In addition to this main reaction, some parasitic reactions occur: the most important is
the reaction of gasification, which takes place in the final stage of the charging
process. This reaction has the effect of reducing the efficiency of charging, the
consumption of water of the electrolyte and the production of gas potentially
explosive.
Lead-acid batteries usually require three stages to be charged:
1) constant-current charge, applies the bulk of the charge and takes up roughly
half of the required charge time;
2) topping charge, which continues the charge with a lower current and provides
saturation;
3) float charge, which compensates the loss caused by self-discharge.
The charge time of a sealed lead-acid battery ranges from 12-16 h (fast charge) up to
36-48 h for large stationary batteries. With higher charge currents and multi-stage
charge methods, the charge time can be reduced to less than 10 h. However, the
saturation may not be complete and it cannot be charged as quickly as other battery
systems.

3.1.4.

Flow batteries

Similar to conventional batteries and fuel cells, a flow battery is an electrochemical
device that converts chemical energy into electrical energy. This technology differs
from other conventional electrochemical ESSs in the way the electro-active materials
are stored externally in an electrolyte and are introduced into the device during
operation. The systems in which electro-active materials are dissolved in a liquid
electrolyte are called redox flow batteries (RFBs). Other true flow batteries might
have a gas species (e.g., hydrogen, chlorine) or liquid species (e.g., bromine).
Rechargeable fuel cells could also be considered as true flow batteries. There are
three primary types of flow ESSs: vanadium-redox (VR), polysulphide-bromide (PSB)
and zinc-bromine (ZnBr). Systems in which one or more electro-active components
are
stored
internally
are
called
hybrid
flow
batteries,
such
as
zinc-bromine and zinc-chlorine batteries.
Most redox flow batteries consist of two electrolytes, one storing electro-active
materials for negative electrode reactions and the other for positive electrode
reactions. An ion selective membrane is placed in between the two half cells to
prevent mixing or cross-over of the electro-active species which could result in
chemical short-circuit of the electro-active materials. Only the common counter ion
carrier is able to cross the membrane in order to complete the redox reaction.
In a redox flow battery the positive and negative electrolyte solutions are stored in
tanks and put into circulation by pumps through a hydraulic circuit. The core of the
battery is the stack, consisting in a certain number of elementary cells electrically
connected in series. The battery is integrated in a system which includes a static
DC/AC converter, control and cooling systems.
A feature of this technology is that the storage of electricity is totally decoupled
between power and energy. The power that the battery can exchange depends on
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the amount of electrolyte taking part in the reaction in a given instant (membrane
area and pumps speed), whilst the storage capacity depends only on the total
amount of electrolyte (tanks capacity).

3.1.5.

Nickel-metal hydride

Nickel metal hydride (Ni-MH) batteries are the result of the merge between the
hydrogen and the nickel-cadmium storage technologies. Many of the operational and
constructive characteristics of Ni-MH batteries are similar to those of nickel-cadmium
batteries.
In this ESS technology, the positive electrode consists of nickel oxide hydrate, as in
nickel-cadmium cells, while the negative electrode is made up of intermetallic
compounds (M) able of absorbing and accumulating hydrogen, with a reversible
process, with creation of hydride (MH). The electrolyte is alkaline and is constituted
by potassium hydroxide in aqueous solution. Often small amounts of lithium
hydroxide and sodium hydroxide are added to the electrolyte, in order to increase the
lifetime and the range of working temperature of the battery. The electrolyte
contained in the battery allows only the transfer of the ions during the charging and
discharging processes, and is not degraded during the cycles.
The cell mechanism is characterized by the entrapment and release of the hydrogen
ion by the two electrodes during the charge and discharge, with the consequent
passage of the hydroxide ion through the separator. During the discharge, at the
cathode the nickel oxide hydrate (NiOOH) is reduced in nickel hydroxide (Ni(OH)2)
acquiring the hydrogen ion from the molecule of water and an electron from the
external circuit. At the anode, instead, the metal hydride (MH) releases electrons and
hydrogen ions that recombine with hydroxide ions creating water.
During the charging, the two reactions take place in the opposite direction. During
both charging and discharging process, the electrolyte concentration remains
practically constant: its magnitude cannot be used as an index of the ESS state of
charge.
NiMH battery technology has begun to mature and is now used in high-voltage
automotive applications and high-end consumer electronics. Like NiCd batteries,
NiMH batteries are susceptible to a memory effect though to a lesser extent. They
are more expensive than lead-acid and NiCd batteries, but are considered more
environmentally friendly.

3.1.6.

Sodium-metal chloride

Sodium-metal chloride batteries use highly conductive molten salts as electrolyte,
and offer high energy and power densities. As NaS batteries, sodium-metal chloride
cells operate at relatively high temperatures, use a negative electrode composed of
liquid sodium and a beta-alumina solid electrolyte to separate this electrode from the
positive one [24]. However, sodium-metal chloride cells include a secondary
electrolyte of molten sodium tetrachloroaluminate (NaAlCl4) in the positive electrode
section and an insoluble transition metal chloride (FeCl2 or NiCl2) or a mix of such
chlorides, as negative electrode. The molten salt electrolyte (often referred to as a
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melt) serves to conduct sodium ions from the solid electrolyte to the metal chloride
reaction site.
ZEBRA is the most popular trademark for these batteries, which have lower cycle life
than lithium-ion and the drawback of high operating temperatures. Sodium-metal
chloride batteries current costs seem to make possible their deployment in the near
future.

3.1.7.

Other technologies

Other interesting ESSs technologies for the perspective use in power systems are
lithium-air, lithium-sulphur and metal-air batteries.
Lithium-air (lithium-oxygen) batteries are similar in principle to lithium-ion batteries,
but theoretically could offer greater energy density and maximum storage capacity. A
lithium-air batter is much smaller and lighter in size, as it replaces the heavy
conventional metal oxide compounds with carbon-based air electrodes, which react
with oxygen to create an electrical charge. R&D of Li-air technology started a decade
ago; these systems have not yet reached the commercialization phase. In recent
researches gold and platinum are used for the carbon electrodes in Li-air cells as
catalysts, obtaining much higher efficiencies; however, the increase in capacity also
significantly raises the cost of the battery. In addition, this battery could present
safety concerns, as Li-air ESSs are filled with air and the flammable metallic lithium is
highly reactive in the presence of water, potentially causing the battery to explode.
Lithium-sulphur batteries are safer than lithium-ion batteries and can achieve 80%
more capacity. The manufacturing of lithium-sulphur (Li-S) cells largely resembles
that of lithium-ion liquid or lithium-ion polymer cells. This new type of ESSs is still in
the R&D phase and only supports 40-50 charge cycles, due to a rapid degradation of
lithium air/lithium sulphur compounds. Moreover, the lithium metal electrode could
present safety problems, as the lithium electrode can be subject to overheating
during use and, if the molten lithium leaks out and associates with water, the battery
can catch fire.
Metal-air batteries are currently at basic research stages. These ESSs are highly
compact and are limited to small-scale applications. Zinc and lithium are used as
high energy density anodes, while the cathodes or air electrodes are often made of a
porous carbon structure or a metal mesh covered with proper catalysts. The
electrolyte of the cell is often in liquid form or a solid polymer membrane structure.
The high energy density and low cost of metal-air batteries make them ideal for many
primary battery applications; however, the electrical rechargeability feature of these
batteries needs to be developed further before they can compete with other types of
rechargeable battery technologies.
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4. REPORT on Hydrogen technologies
Storage of intermittent electricity generation through renewable resources is an
important consideration for future fossil-fuel free economy. Conversion of energy into
hydrogen is an interesting method of energy storage as recent advances in fuel cells
have made it possible to attain high storage and recovery efficiencies from hydrogen
to electricity. However, in absence of a proper hydrogen distribution system,
transmission problems limit the use of hydrogen at local energy production sites only.
Fuel cell vehicles integrated into the electricity grid, using recently emerging V2G
trends, form one solution to the portability of hydrogen energy. This method may
address mobility and grid balancing problems at the same time. Here, we discuss
certain technological and economic aspects of all these issues.

4.1.

Hydrogen as energy storage technology

Hydrogen is a very attractive alternative fuel. It can be obtained from diverse
resources, both renewable (hydro, wind, solar, biomass, geothermal) and nonrenewable (coal, natural gas, nuclear). Unlike coal, gas or oil, hydrogen is not a
primary energy source. Its role more closely mirrors that of electricity as an 'energy
carrier', which first is produced using energy from another source and then
transported for future use, where its stored chemical energy can be utilized.
Hydrogen can be stored as a fuel and utilized in transportation and distributed heat
and power generation using fuel cells, internal combustion engines or turbines, and,
importantly, a hydrogen fuel cell produces only water and no CO2. Therefore
Hydrogen is considered as a storage medium for electricity generated from
intermittent, renewable resources such as solar and wind. As long as the hydrogen is
produced from non-fossil-fuel feedstock, it is a genuinely green fuel. Moreover,
locally produced hydrogen allows the introduction of renewable energy to the
transport sector, provides potentially large economic and energy security advantages
and the benefits of an infrastructure based on distributed generation. It is this key
element of the energy storage capacity of hydrogen that provides the potent link
between sustainable energy technologies and a sustainable energy economy,
generally placed under the umbrella term of 'hydrogen economy'.
Hydrogen can then be utilized in high-efficiency power-generation systems, including
fuel cells for both vehicular transportation and distributed electricity generation. Fuel
cells convert hydrogen or a hydrogen-rich fuel and an oxidant (usually pure oxygen
or oxygen from the air) directly into electricity by an electrochemical process. Fuel
cells, operating on hydrogen or hydrogen-rich fuels, have the potential to become
major factors in catalyzing the transition to a future sustainable energy system with
low-CO2 emissions. The importance attached to such developments is rapidly
increasing. Many countries are now compiling roadmaps, in many cases with specific
numerical targets for the advancement of fuel-cell and hydrogen technologies. As just
one potent example, Japan's Ministry of Economy, Trade and Industry has now set a
target of 5 million hydrogen-fuel-cell vehicles and 10 million kW for the total power
generation by stationary fuel cells by the year 2020.
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Challenges
At the present time, there are three major technological barriers that must be
overcome for a transition from a carbon-based (fossil fuel) energy system to a
hydrogen-based economy. First, the cost of efficient and sustainable hydrogen
production and delivery must be significantly reduced. Second, new generations of
hydrogen storage systems for both vehicular and stationary applications must be
developed. Finally, the cost of fuel-cell and other hydrogen-based systems must be
reduced. The vision of such an integrated energy system of the future would combine
large and small fuel cells for domestic and decentralized heat and electricity power
generation with local (or more extended) hydrogen supply networks that would also
be used to fuel conventional (internal combustion) or fuel-cell vehicles.

Perspective
Recent scientific developments have significantly reduced the economic constraints
of hydrogen production through electrolysis. However the costs still aren’t
comparable to out-date the current oil-based economy. On the other hand, the
technological aspect of fuel cell vehicle integration theoretically remains the same as
those of BEV vehicles, currently integrated with local grids. The practical viability
remains to be explored. This survey would establish with sufficient accuracy, whether
hydrogen storage through localized production and fuel cell vehicles can respond to
the demands of energy storage in rural and urban locales.

4.2.

Technological Prospects

Hydrogen production
Even though hydrogen is the third most abundant chemical element in the Earth's
atmosphere, it is only found in chemical compounds with other elements. It is
therefore produced from other hydrogen-containing sources using energy such as
electricity or heat [27]. Hydrogen can be produced from natural gas, coal,
hydrocarbons, biomass and even municipal waste using a variety of techniques as
well as by splitting water. Such a diversity contributes significantly to the security of
fuel supply.
Today, hydrogen is produced in large quantities by steam reforming of hydrocarbons,
generally methane [26]. This method yields CO2 as a by-product but no more than
from burning the same amount of methane. CO2 emissions, the principal cause of
global climate change, can be managed at large-scale facilities through CO2
sequestration, which involves the capture and storage of CO2 underground (e.g. in
depleted natural gas and oil wells or geological formations). However, CO2
sequestration is not yet technically and commercially proven. Another promising
route would appear to be high-temperature pyrolysis (decomposition in the absence
of oxygen) of hydrocarbons, biomass and municipal solid waste into hydrogen and
(solid) carbon black, accompanied by its industrial use and/or easy sequestration. At
present the cost of this process is higher than that of steam reforming of natural gas.
The most interesting option is to produce Hydrogen by splitting water through various
processes including electrolysis, photo-electrolysis, high-temperature decomposition
and photo-biological water splitting. Electrolysis is a process, where electricity is used
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to electrochemically reduce or oxidize a reactant into fuel. The water decomposition
via electrolysis takes place in two partial reactions at both electrodes, which are
separated by an ion-conducting electrolyte [32]. At the negative electrode (cathode)
hydrogen is produced and on the positive electrode (anode) oxygen is produced. To
keep the product gases separated the two reaction compartments are separated.
Depending on the type of electrolyzer, separation is either achieved by means of at
solid electrolyte (SOEC, PEMEC) or a micro-porous diaphragm (alkaline).
Alkaline Electrolysis (AEC): This process works with alkaline, aqueous electrolytes
and has been used for hydrogen generation since the end of the 18th century.
Currently most commercially available electrolyzers are based on alkaline
electrolyzers. The anode compartment and cathode compartment are separated by a
micro-porous diaphragm to avoid blending of the product gases. Operation
temperature of 80 °C and op to 30 bar in pressure is industrial standard.
Low Temperature Electrolysis (Polymer electrolyte electrolysis): PEM
electrolysis is based on a solid polymer electrolyte membrane electrolyzer cell
(PEMEC), which operates at around 80°C like most conventional PEM fuel cells. The
PEMEC is compact and the low operating temperature enables fast start-up. The
produced hydrogen is clean (no traces of electrolyte) and can be delivered at
pressures up to 16 bar (higher pressure systems are under development). The
PEMEC is well suited for decentralized hydrogen production with local hydrogen
storage facilities.
High-Temperature Electrolysis (Solid oxide electrolysis): High-temperature
electrolysis using a solid oxide electrolyzer cell (SOEC) has been discussed and
tested as an interesting alternative. It is an advantage to apply part of the energy
needed for dissociation as high-temperature heat at around 800-1000°C into the
process and then to be able to run the electrolysis with reduced consumption of
electric power. Furthermore, SOEC has the possibility of electrolyzing mixtures of
steam and CO2 into a mixture of hydrogen and CO, so-called syngas, from which
artificial hydrocarbons may be produced.

STORAGE
The wide use of hydrogen necessitates resolving its storage issue. This ranges from
large-scale storage of hydrogen down to small-scale use near at the point of use, for
example, onboard hydrogen storage in vehicles. For the large-scale storage there
are solutions and options applied today by the industry utilizing hydrogen as a
chemical commodity that could be used in future energy systems. However, it is the
small-scale storage of hydrogen that poses a great number of challenges and
remains a high priority [34]. Unlike gasoline or diesel, easily handled liquids at
ambient conditions, hydrogen is a lightweight gas and has the lowest volumetric
energy density of any fuel at normal temperature and pressure. Regarding its energy
characteristics, the gravimetric energy density of hydrogen is about three times
higher than gasoline, but its energy content per volume is about a quarter. Therefore,
the most significant problem for hydrogen (in particular for on-board vehicles) is to
store sufficient amounts of hydrogen. All possible options (compressed, liquid, metal
hydrides and porous structures) have their own advantages and disadvantages with
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respect to weight, volume, energy efficiency, refueling times, cost and safety aspects
[30].

Alkaline Electrolysis
Well Established
No noble catalysts required
Stable
Low cost (cost effective in MW
range)
Low current densities

PEM Electrolysis
High current densities and voltage
efficiency
Good partial load range and rapid
dynamic response
Compact system

SOEC Electrolysis
High efficiency
No noble catalysts required
High pressure operation

High gas purity
High component cost and stacks
below MW range

Gas crossover and corrosive
Corrosive environment
electrolyte
Low partial load range and slow
Low durability
dynamics
Low operational pressure
Commercialization
Table 3. Water electrolysis methods.

Large in size
Durability
Still in experimental stage
No information on costs

The present options for transporting hydrogen include compressed gas (200 bar) in
tube cylinders, liquid hydrogen tanks and a few examples of local networks of
hydrogen pipelines. All these options contribute significantly to the cost of hydrogen
for end users and, in some cases, decentralized local hydrogen production using
methane reforming or electrolysis of water will be economically feasible.
Hydrogen Storage
Compressed cylinders
Liquid tanks
Metal hydrides
Carbon structures

Benefits

Problems

Low storage density at 200 bars,
solutions up to 700 bars still under
development
Heavy insulation, high cost,
Better storage density
expensive
Heavy, expensive, cooling
Solid state storage, very safe
required
Not fully developed, no promising
High storage density, light
results so far
Table 4. Hydrogen Storage Methods.
Low cost, generally available,
developed up to 200 bars

Present storage options for hydrogen have centered upon high-pressure (up to 700
bar) gas containers or cryogenically cooled (liquefied) fluid hydrogen. One downside
of these methods is a significant energy penalty – up to 20% of the energy content of
hydrogen is required to compress the gas and up to 40% to liquefy it. Another crucial
issue that confronts the use of high-pressure and cryogenic storage centers on public
perception and acceptability associated with the use of pressurized gas and liquid
hydrogen containment. Hydrogen storage requires a major technological
breakthrough and this is likely to occur in the most viable alternative to compressed
and liquid hydrogen, namely the storage of hydrogen in solids or liquids. Several
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classes of solid-state hydrogen storage materials demonstrate higher energy density
than that of liquid [27]. However, much more work is required to improve their
hydrogen absorption/desorption characteristics.
In the current state-of-the-art in hydrogen storage, no single technology satisfies all
of the criteria required by manufacturers and end-users, and a large number of
obstacles have to be overcome. Storage systems need to be analyzed in a
comprehensive way, cross cutting the various possibilities and integrating all of the
storage functions to go towards optimized storage systems. It is claimed that if a
breakthrough hydrogen storage technology were successfully developed, it would
speed the introduction of hydrogen as transportation fuel. Some applications of
hydrogen storage are now using higher than previously used pressure levels of up to
875 bar for refueling vehicles up to about 700 bar . These higher pressure levels are
requiring additional testing and certification of high-pressure vessels, typically made
out of composite materials for weight considerations.
Energy Recuperation
Fuel cells are emerging as a leading alternative technology to replace more polluting
internal combustion engines in vehicle and stationary distributed energy applications.
In addition, the future demand for portable electric power supplies is likely to exceed
the capability of battery technology [25][31]. A fuel cell is a device similar to a
continuously recharging battery and generates electricity by the electrochemical
reaction of hydrogen and oxygen from the air. An important difference is that
batteries store energy, while fuel cells can produce electricity continuously as long as
fuel and air are supplied.
Any hydrogen-rich fuel can be used in different types of fuel cells (employing an
external or internal fuel-reforming process) but using a hydrocarbon-based fuel
inevitably leads to a CO2 emission. Hydrogen-powered fuel cells emit only water and
have virtually no pollutant emissions, even nitrogen oxides, because they operate at
temperatures that are much lower than internal combustion engines. However, even
fuel cells fuelled by hydrocarbon fuels do have the potential to provide efficient, clean
and quiet energy conversion, which can contribute to a significant reduction in both
greenhouse gases and local pollution. Because fuel cells are not subject to the
limitations of the Carnot cycle, they convert fuel into electricity at more than double
the efficiency of internal combustion engines. In transportation, hydrogen fuel-cell
engines operate at an efficiency of up to 65%, compared to 25% for present-day
petrol-driven car engines. When heat generated in fuel cells is also utilized in
combined heat and power (CHP) systems, an overall efficiency in excess of 85% can
be achieved.

4.3.

Economical Prospects

Production
Alkaline electrolysis has been used to produce hydrogen since the eighteenth
century and is the basis of most commercially-available electrolyzers [32][33].
Extremely pure hydrogen is produced but at a substantially higher cost than from
steam reformation due to the substantially higher cost of electricity relative to fossil
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fuel feedstock. Low-temperature polymer electrolyte membrane (PEM) and hightemperature solid oxide electrolyzer (SOE) electrolyzers have been proposed as
more efficient technologies for the future. PEM electrolyzers are suited to small-scale
hydrogen production while SOE electrolyzers can reduce electricity requirements by
the use of high-temperature heat instead, a process called thermal cracking.
Twentieth-century electrolyzers achieved energy efficiencies in the range 58%–
72%and it is reasonable to assume that new electrolyzers will be at the upper end of
this range. Efficiencies in the range 85%–95% are expected to be achieved for both
small and medium-sized plants in the future, particularly if PEM and SOE
electrolyzers can be successfully developed [35]. For users requiring small amounts
of extremely pure hydrogen, electrolysis can be a cost-effective means of obtaining
the required hydrogen. The major cost factor for electrolysis is the electricity. In some
cases this cost is more than 80% of the resulting hydrogen selling price. For
renewable technologies, the capital costs dominate. For example, the annual capital
costs of the photovoltaic (PV) system could be as much as 85% of the hydrogen
price. The cost of the electricity is a major concern because it is three to five times
more expensive a “feedstock” than fossil fuels. In fact, the high cost of the electricity
is the driving force behind the development of high-temperature steam electrolysis. In
this process, some of the energy driving the process can be from steam instead of
electricity. For example, at 1000°C, more than 40% of the energy required could be
supplied as heat

Regeneration
Fuel cells are intrinsically more efficient than internal Combustion engines. However,
the electrical efficiency of fuel cells at their maximum power output is only about 30%
(based on the higher heating value of fuel) [26][31]. This cannot be increased
substantially by further development and performance improvements. Nevertheless,
the electrical efficiency is much higher (up to 80%) at power densities below the
maximum. and it can be further improved. Because the fuel cell efficiency decreases
with increasing power output, their efficiency and economics are interrelated.
Compressed
Air

Electrolyzer Fuel
Cell

Typical size

50-350MW

50kW – 1MW

Capital cost
(2012)

250-350€/kW

Cost projection
(2020)

-

Avg.
Maintenance
cost (5%
deviation)

5€/kW/yr

Pumped
Hydro

Flywheels

Lead Acid

Elect: 250-350€/kW
850-1500€/kW
FC: 250-350€/kW

150-600€/kW

75-150€/kW

Elect: 200-300€/kW
600-1000€/kW
FC: -600400€/kW

-

60-100€/kW

5€/kW/yr

1€/kW/yr

0.01€/kW/yr

2€/kW/yr

Page 27 of 84
898989

Alpine Space Programme

System life
(avg.)

20 years

20 years

Elect: 20 years
FC: 5 years

20 years

500 cycles

Electrical
Efficiency

70%

60-80%

70%

90%

70%

Table 5. Comparison of storage methods.

4.4.

Integration of fuel cell vehicles in the grid

The commercialization of fuel cells is directly linked with finding affordable, pollutionfree sources of hydrogen [29]. To date, a true ‘hydrogen economy’ –a term introduce
in 1970s – has not emerged even as a future mainstream policy in the USA or in
Europe [26]. On the other hand, the incline of the automobile industry towards
Electric Vehicles (EVs) has brought forth innovative ideas to popularize EVs by
mitigating the initial costs (EVs still remain up to 20 times more expensive than
conventional oil-powered vehicles). One such idea is “Vehicle Fleet Operation”, in
which the initial investment to acquire the vehicles lies upon the fleet operator.
As the EV fleet operation effort is primarily focused on Battery-operated EVs that rely
upon the grid to acquire energy, a parallel development is the Vehicle-to-Grid (V2G)
concept which aimed at reducing the burden on the electric utility operator by using
the vehicles connected to the grid as “mobile storage facilities”. The fact that EVs
remain connected to the grid for up to 80% of the day enables the utility operators to
use the electricity stored in the vehicles to support the grid during peak hours (peakshaving), while recharging the vehicles during off-peak hours (valley-filling).
However, in the absence of a hydrogen economy, the question arises that whether
the dual approach of EV fleet operation integrated with V2G can be extended to Fuel
Cell vehicles as well.

Elements of V2G
Fuel cell EVs used for V2G would produce electricity from the fuel cell, converted to
50 Hz AC by the on-board power electronics and supplied to the grid [28]. Any cost of
grid connection is outside the transportation function, so in this analysis, the cost and
driver inconvenience of plugging in a fuel cell vehicle are attributed to V2G costs. In
addition, each vehicle must have three required elements:
 a connection to the grid for electrical energy flow,
 control or logical connection necessary for communication with the grid
operator, and
 controls and metering on-board the vehicle.
The control signal from the grid operator (labeled ISO, for Independent System
Operator) could be a broadcast radio signal, or through a cell phone network, direct
Internet connection, or power line carrier. In any case, the grid operator sends
requests for power to a large number of vehicles. The signal may go directly to each
individual vehicle, or to the office of a fleet operator, which in turn controls vehicles in
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a single parking lot, or through a third-party aggregator of dispersed individual
vehicles’ power

Power Markets
Electricity is grouped in several different markets with correspondingly different
control regimes. Most significant sectors are base load power, peak power, spinning
reserves, and regulation, which differ in control method, response time, duration of
the power dispatch, contract terms, and price. Storage focuses particularly on
spinning reserves and regulation, which must deliver power within minutes or
seconds of a request [28][35]. All these electricity resources are controlled in realtime by either an integrated electric utility or an Independent System Operator —to
refer to either of these parties here we use the
simpler term “grid operator.”
The formulas for calculating revenue depend on the market that the V2G power is
sold into. For markets that pay only for energy, such as peak power and base-load
power, revenue is simply the product of price and energy dispatched. For spinning
reserves and regulation services the revenue derives from two sources: a “capacity
payment” and an “energy payment.” The capacity payment is for the maximum
capacity contracted for the time duration (regardless of whether used or not). For
V2G, capacity is paid only if vehicles are parked and available (e.g., plugged-in,
enough fuel or charge, and contract for this hour has been confirmed). The energy
payment is for the actual kWh produced; this term is equivalent to calculation of
revenue from either spinning reserves or regulation services, with the first term being
the capacity payment and the second term the energy payment. The capacity price
unit, €/kW-h, means € per kW capacity available during 1 h—whether used or not—
whereas energy price units are the more familiar €/kWh.

Business Models
Some business models posit that the vehicle owners would not directly have
transactions with power markets. Rather they would work through an aggregator,
serving as a middleman between the vehicle owner and the grid operator. The role of
the aggregator is to consolidate power capacities (for peak, spinning reserves, or
regulation), and sell them in the highest value markets. We can consider several
possible aggregators, each of whom would have distinct market advantages. The
aggregator might be:
• The local electric distribution company, who is already in the electricity
business and would gain system reliability benefits,
• The automobile manufacturer's service organization, who, in the telematics
era, will want to maintain a continuing relationship with the driver to sell
vehicle-based information services,
• A cell phone operator, who is operating the communications network on which
the V2G information system is based, and who is accustomed to making profit
from many small automated transactions,
• A third party specializing in power markets.
Under current trends, most of these services are contracted in larger quantities than
individual vehicles, in MW rather than kW. Thus, assuming current contract minima,
aggregators would be essential for individual vehicles to participate in the markets.
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The aggregator would be certified as a Schedule Coordinator by the ISO (an entity
that is certified to participate in the ISO markets), and would have the ability to
communicate with all of the vehicles involved. Depending on the type, electric drive
vehicles have different strengths and capabilities.

4.5.

Real life experiences on H2 in the Alpine Space

The independent house in Gnignod

In Valle d'Aosta, in the city of Gignod (770 m above sea level), a pilot project was
conducted with funding of 160 k€, for the realization of a fully autonomous house,
from the energetic point of view. This house does not need to be connected to the
power grid as it is able to get from the Sun all the amount of required energy:
electricity and heat. We must consider that, being in Valle d'Aosta, one of the coldest
regions of Italy, the energy demand can be high in certain periods.
The primary energy supplied to the house is solar energy, which is converted into
thermal energy and electricity. The electricity can be used directly or stored to used
during times of major demand. As storage technology has been chosen the
hydrogen; electrical energy splits, through electrolysis, demineralised water into
hydrogen and oxygen, leaving free this second gas in the environment and storing
the first. The heat produced in excess is used as thermal energy. The hydrogen
produced can be used to produce electrical energy or additional thermal energy. In
fact the house has been provided of a boiler fuelled by hydrogen and of a system of
fuel cell for the production of electricity. Depending on the demand, it is possible to
produce both electricity and thermal energy.
The photovoltaic system has a peak power of 11 kWp and recharges the total
hydrogen tank requires approximately 45 kWh of electricity, by means of an
electrolyzer with a capacity of 3 kW. From this we obtain 9 kWh of thermal energy
and 9 Nm3 of hydrogen. A fuel cell of capacity of 3 kW can subsequently transform
the hydrogen into electrical energy and thermal energy.
As regards the production of thermal energy, a combustor at a low temperature
absorbs hydrogen and with a reaction using a catalyst and without flame, produces
hot water at 35-40 ° C. The low temperature means that the system doesn't produce
Nox, while the complete absence of fossil fuels cancels all of the carbon dioxide
emissions.
At these technologies is added a solar pump for the production of hot water.
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ZERO REGIO

Zero Regio is a project developed in parallel between the cities of Mantua and
Frankfurt between 2005 and 2010, which has resulted in the ability to create a
hydrogen-based mobility. After a first phase lasted two years, until 2007, a second
phase of experimentation and dissemination had started. The technology used was
that of the fuel cell, that is the direct conversion of hydrogen and oxygen into water
and electricity. Several cells are connected in series in order to provide the voltage
and power needed to move the electric motor.
Among the advantages of this technology there is an average efficiency of vehicles
by 40%, double the efficiency average of 19% of a gasoline vehicle. With a range of
one hundred kilometers, this vehicle does not emit even a gram of vehiclebon
dioxide, making it absolutely competitive with respect to fossil-fueled vehicle.
Moreover there isn't any emission of nitrogen oxides and particulate.
The supply of the fuel cell vehicle takes a few minutes, making them competitive
even compared to other technologies with zero emissions. In fact the supply of an
electric vehicles based on batteries is rather a slow process. The project included, as
well as the creation and distribution of electric vehicles, to multy-energy distribution
stations and power plants for hydrogen production, aiming to generate this hydrogen
through alternative sources.
The project was developed in parallel in Frankfurt, Germany, and Mantua. The two
designs, with the same purpose, have produced two different types of vehicle, two
different technologies and two different ways of distributing hydrogen.
In Mantua three hydrogen Fiat Panda were produced , purchased from the Lombardy
region and provided to the city of Mantua. The project involved sixteen partners from
local authorities, companies and universities.
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4.6.

Storage Apparatus Grid integration challenges

Actually, one can store wind energy in the form of electrical energy and transfer it into
batteries. The battery technology is growing very rapidly, encouraged by the need to
better distribute over time the availability of energy (peak shaving). Pumped storage
hydroelectricity, used for a hundred years, is a very expensive technology for energy
storage, but of unlimited life. Italy owns several plants that store energy in the form of
gravitational potential energy of the water at night, releasing it during the day. In
times of surplus, usually at night, the water is pumped at high altitude, to be released
the next morning.
Another technique to store electricity is to generate and store hydrogen. Hydrogen
(H2) is a very light gas with a high concentration of energy. It has also the most
abundant element in the universe. On Earth is primarily bonded to oxygen in the
water. Hydrogen may therefore be obtained by the electrolysis of water or by the
reforming process of methane. Both processes have undergone significant
improvements over time, becoming more efficient and less costly. The product of
burning hydrogen is water vapor. Neither carbon nor nitrogen during this process are
generated. The methodologies of exploitation also are varied, from direct
combustion, for example in cars in hydrogen, wherein this gas can be used directly
instead of the current fuels derived from petroleum, and the technology of fuel cells.
Hydrogen has a high calorific value and therefore, for the same energy, less mass
than methane. The current costs of storage systems and the conversion of hydrogen
into energy may at first glance discourage investment in this technology. However,
there are countries in the world where you point to the future, just hydrogen as the
main energy carrier. Iceland is one of them. The presence of renewable energy
sources, geothermal power, and the absence of oil or raw material for the production
of biofuels. The production of hydrogen would use this energy carrier as fuel, to carry
energy safely and efficiently and to reuse it at any time instantaneously. This system
would allow Iceland to save energy compared to the cost of oil transportation.
The geography of the Alps makes the energy transport difficult. For this reason, in
the past the power grid was not extended even into the most remote areas.
Currently, given the high costs of connection to the national network of some remote
areas, it would be advantageous to create independent local networks powered by
alternative energy sources associated with hydrogen storage systems.
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The agricultural context is characterized by the production of biomass or waste
masses of plant and animal origin, which can be a value in the production of
renewable energy.
The biomass are forest or agricultural products, excluding municipal waste or
manure. From biomass one can obtain biofuels or biomass fuels that are similar, for
use, to petroleum fuels. The biomass or biofuels have the advantage of emitting a
quantity of carbon dioxide in the atmosphere similar to that absorbed by the plant,
from which they are derived, during growth. We can therefore consider the balance of
carbon dioxide approximately equal to zero. To this we must add additional
advantages, like biodegradability (in case of loss of bio-fuel): biofuels cause limited
damage, lack in the fumes of nitrogen oxides and particulates.
The biomass can be divided into three different types: the phitomass, or of plant
origin, the zoomass, or of animal origin and the microbial biomass, or coming from
microorganisms. As regards the former, they take energy directly from the sun, by
means of photosynthesis. Therefore, the origin of the biomass can be seen in the
water added to carbon dioxide and light that provide carbohydrates and oxygen.
Biomass has a very low yield per square meter. For these reasons dedicate entire
areas for the production of biomass can occur harmful to the environment, as would
justify human interventions such as deforestation. In contrast, the recycling of
biomass derived from waste is more than justified and represents an important
economic resource, as well as ecological.
From plants rich in sugars, or sugar cane, sugar beet or maize is obtained, by
fermentation, ethanol, or alternatively ethyl alcohol. Both fuels can be used as an
alternative to gasoline. From rapeseed and soya, rich in oils, it is possible to obtain a
fuel known as biodiesel, by means of a chemical process of transesterification.
In any case it is possible to transform any type of biomass into biodiesel.
Biogas can be obtained by means of an apparatus called a digester, from waste
vegetable and animal slurry. Once purified it becomes a viable alternative to
methane, used as fuel, heating fuel or electricity production.
Agricultural contexts have often an economy linked to livestock, agriculture and
processing industries products. It is important to the production of sausages, butter,
cheese and vegetables.
Cities in the north Italy, especially in the area between Milan and the alpine region
have an economy is based mainly on industrial production: textiles, mechanical and
manufacturing; services business is also growing. This area is characterized by high
mobility and by the presence of railways, highways, roads. In addition, each day
thousands of people move from city to city for work. Despite the high incidence of
natural parks and the proximity of non-urbanized areas, it is often necessary to block
traffic to reduce the rate of particulate pollutants. The need to move in the next few
decades to a new system of non-polluting vehicles could get a head start in these
areas, and in particular by introducing hydrogen or electric vehicles in public
administration, public transport and local authorities. With regard to the discussion of
public transport, there are actually already in use vehicles powered by natural gas,
electricity and hydrogen. However, even this sector could be strengthened and would
receive strong support from the presence of an energy distribution network from
renewable sources in the area. This would also help to avoid overloading the grid in
the moments of peak production. The introduction of a fleet of eco-friendly cars for
commuters could help to deep reductions of pollutants. Furthermore, these cars
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would be parked for only a limited time instant, after which a new user the
preleverebbe, greatly reducing the problem of traffic.
A fleet of electric vehicles could be used as a storage system to store energy during
times of increased offer and enter the network in times of immediate or increased
demand.
During the transmission of electrical energy you have losses that make the power
drawn by the user less than the power delivered to the grid by power plants. A part of
the electrical power is dissipated from the line for the joule effect, to which are added
also capacitive and inductive effects. The Energy Authority has established the
losses from the power plant to users equal to 10.4% of energy. This value is of
course conventional and calculated properly on a national scale. The shorter the path
between the central and the user and the lower the amount of energy dispersed on
the network. Terna (the Italian TSO) intends to invest in the electricity grid in the
coming years. The costs are higher and it will be impossible to achieve 100%
efficiency. It is therefore convenient to use storage systems that help to lower the
amount of energy fed into the grid. In a residential context, for example, a system of
photovoltaic panels associated with an accumulation system (batteries, hydrogen +
fuel cell) would decrease the load of the energy needed to house on the network. In
practical terms, if users need 100 kWh of energy, then it takes exactly 100 kWh from
the storage system. If instead the same quantity of energy were taken from the
network, then there would be a dispersion of 10.4 kWh, obviously borne by the user.
A similar argument applies to an input of energy in the network.
Within a limited area such as a city, a province or a valley in the mountains, creating
an autonomous system of production, storage and consumption of electrical energy
could be cost-effective and very efficient, since it would avoid transmitting electrical
power for tens of kilometers. This speech is in support of storage systems therefore,
making them cost-effective, especially in view of the increase of renewable energy
sources.
The renewable energy sources are becoming extremely efficient and important. This
is due to the large investments made by the states in the form of incentives and
research. A parallel trend is the development of energy storage systems. The
advantage of having storage systems arises mainly from the fact that they have
intermittent renewable sources, such as wind, or sources with high productivity in
times of lower demand, such as photovoltaic and partially hydropower. The large
amount of electricity produced from renewable energy sources makes it impossible to
apply the mode of "net metering" because it would overload the network, often
understaffed, especially an input of more energy than required, resulting in loss of the
remaining energy. The storage systems are already known, in the form of
hydroelectric pumped storage. This are storage systems that are used primarily
nocturnal accumulation and redistribution during the day. You can not extract energy
in a few seconds from a hydroelectric pumped. New technologies, rather than old
technologies optimized, allow taking in a few seconds electricity.
A further advantage arises by accumulation systems is the ability to break away
completely from the mains. If we think for example to Iceland, an island in the Atlantic
Ocean too far away from the European continent to connect to the mainland grid, to
be completely independent from the energy point of view it must be able to extract
energy from renewable sources, but also to accumulate it. Having regard also to the
high cost of transportation of oil, the solution of hydrogen as a fuel for vehicles would
make Iceland independent also from the point of view of electric mobility.
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Alpine mountain sites are often too far away from the main grid, so creating a series
of cable connections, viaducts and all the necessary technology could be really
expensive. In addition, the overloading of the power supply that you would during
peak wind or sunlight could cause blackouts. Using storage systems could be a
winning answer. Among these hydrogen for its versatility. Most batteries in fact work
at rather limited temperature range. On the contrary, a fuel cell operates safely at any
temperature, producing heat. The replacement of fossil fuels with hydrogen is a
successful strategy from the ecological point of view, since the emissions of a fuel
cell is only water vapor. The heat produced in excess can be used as thermal
energy. We might think of creating true islands, for example in the Alps, completely
independent from the point of view of energy and extremely environmentally friendly.
The technology required to convert electrical energy into hydrogen and vice versa
later, is notoriously less polluting than the technology required for the batteries as it
requires no heavy metals.
The chain of hydrogen is expensive because it requires complex devices. However,
the connection to the national grid could be quite expensive. Infact a MV (local) grid
for the connection of a renewable power plant to the main (national) grid has an
average cost greater than 50 k€/km. Thus, despite, for example, the hydrogen
technology is now inconvenient, may exist situations in which, projecting into the
future, it may be beneficial.
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5. REPORT on Grid Integration of Storage apparatus
5.1.

Storage role in the “local” energy system

Energy Storage Systems could provide a wide series of ancillary services to support
network, if placed both on HV networks and on MV/LV grids. In particular, the latter
application in perspective is of great interest: the limited bulk and modularity of
electrochemical ESSs allow for an easy and fast installation on these networks, along
lines or near users (decentralized ESSs).
ESSs can provide a wide set of features within electrical networks, impacting on their
management and operation in many different ways. The most important ESSs
applications can be categorized in the three main classes outlined below [36].
1. Energy Management: ESSs can be used for arbitrage in the energy market by
decoupling electricity supply and demand. In this case, the deployment of ESSs
is intended for market purposes only.
2. System Services: ESSs can operate to support QoS and to ensure the security
of electricity supply. These applications can be provided as a system service by
third parties (via markets, bilateral agreements or mandatory via grid codes).
3. Internal DSO business: ESSs can be used to ensure grid stability and to
support the management of distribution grids, but in this context ESSs serve
only special niche applications which cannot be provided by the market and
contribute to internal DSO operations.
In the following, the functional categories are explained, detailing the services that
the ESS can provide in each network application.

5.2.

Energy Management

ESSs are able to decouple the electricity supply and demand of one or more users,
or even of whole portions of distribution grid. To this purpose, the storage device
operates according to the market requirements: e.g., to improve incomes from
energy production, to increase energy efficiency and to optimize investments.

5.2.1.

Demand side management

The objective of demand side management is to reduce electricity load and to
improve overall electricity usage efficiency through the implementation of policies and
methods able to control electricity demand.
Demand side management is usually a task for power companies to reduce or
remove peak load, hence deferring the installation of new capacities and distribution
facilities. In this view, ESSs could be seen as provider of peak load shaving or load
shifting functionalities or as an operational tool to facilitate efficient usage of
electricity. ESSs could be used to capture the cheaper, more-efficient off-peak
generated electricity and effectively shift portions of peak load to off-peak hours.
Moreover, reshaping the load curve by decreasing peak load and increasing base
load reduces the profiles variability, improving the production efficiency.
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5.2.2.

Demand response

Demand response describes shifts in electricity use by end-users from their normal
patterns in response to changes in the price of electricity. It includes all modifications
to customers’ electricity consumption patterns intended to alter the timing and level of
instantaneous demand or total electricity consumption.
Through the demand response strategies, suppliers or electric resources aggregators
could get the opportunity to manage electricity costs by time-shifting low-priced
electricity and by using ESSs to arbitrage in the wholesale market and possibly to
provide cheaper electricity as a “service” when needed. Therefore, ESSs could be
used to create new flexible demand response products and services for customers.

5.2.3.

Investment deferral

ESSs could defer the need to upgrade distribution networks. In some specific
situations, characterized by great load/generation withdrawals/injections (occurring
on just a few hours per year), ESSs could provide the lacking energy, or store the
exceeding one. So, the storage operates to provide the incremental capacity
necessary to defer (or avoid) the need for a large investment in distribution
refurbishment.
When storage solutions will be competitive w.r.t. the cost of expanding network
capacity, they shall be preferred, as they will reduce the overall cost for ratepayers
(customers), improve the utilization of distribution assets and, in the end, offer DSOs
a better use of capital for other projects.

5.2.4.

RESs buffering

A further functionality provided by ESSs is the so-called energy buffering. In this
case, the storage device is installed by a load or, more suitably, by a RESs
generator. The ESS, in the property of active (or passive) user, can be used to better
manage electricity production (and consumption) by time-shifting high energy
production and to sell it when market price signals are more convenient. The
advantages for RESs generators are twofold: they can offer services to the market,
but also to grid operators by means of energy management. So, buffering makes
RESs a more “manageable” energy source, optimizing the renewable production by
reducing losses and increasing the networks Hosting Capacity for RESs.

5.3.

Ancillary Services

Smart Grids actively integrate generators and customers in order to supply electricity
more efficiently in a sustainable, economic and secure manner. ESSs are expected
to deliver new system services for DSOs, supporting them in the active network
management of future distribution networks.
Ancillary services aim to improve and to support the QoS and the security of supply
in the electric power system. Some of these new system services will be “power”
applications like voltage control, power quality, synthetic inertia, etc. Others will be
“energy” applications, such as security congestion management and demand side

Page 37 of 84
898989

Alpine Space Programme

management (in this case, highlighting the ability of a service to support the network).
Finally, there will be combined “power-energy” services like firm capacity
management, frequency control and islanding operation.

5.3.1.

Continuity service

Distribution networks have usually a radial structure. Therefore, when failures occur,
network protections trip isolating portions of the grid. After isolation, the network is
reconfigured and the portions disconnected are newly supplied (e.g., from the tie of
the feeder). During the lack of supply, ESSs could usefully feed users, avoiding
power interruptions and QoS problems in terms of voltage or frequency.

5.3.2.

Islanding operation/Frequency control

In the future, the presence of DERs could make local balancing in distribution
networks possible. ESSs will play a key role to balance power when islands are
disconnected from the main MV/LV grid. In distribution networks interconnected with
the HV system, the TSO will be responsible for managing the frequency control and
the DSO will contribute thanks to DERs. However, when the distribution system
disconnects from the transmission grid, DSOs will be responsible for the frequency
control and DERs/ESSs will contribute to the active network management.

5.3.3.

Security congestion management

DSOs should facilitate grid access and well-functioning of wholesale and retail
markets. Nevertheless, there are some situations where commercial arrangements
are not compatible with the security standards of distribution networks. In these
situations, ESSs can provide congestion management services.

5.3.4.

Firm capacity management

Article 25.7 of Directive 2009/72/CE [37] states “when planning the development of
the distribution network, energy efficiency/demand-side management measures or
distributed generation that might supplant the need to upgrade or replace electricity
capacity shall be considered by the distribution system operator”. Today, network
development is planned according to two worst cases: a) DG injecting energy in the
grid at its rated power with minimum load and b) load consumption at the rated power
without DERs production. In the future, during network planning, DSOs will take into
account the DG contribution allowing for a more cost-effective sizing of network
assets. In this context, DERs will be required to provide firm capacity (otherwise, the
worst case has to be assumed). A possible solution is the use of ESSs to
compensate the lack/excess of energy when needed.
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5.3.5.

Voltage quality management

Voltage quality is related to the voltage magnitude, the frequency, the voltage
waveform and the three-phase balance delivered by DSOs to final customers. ESSs
and DERs are expected to provide new system services that will help DSOs to
improve voltage quality.

5.3.6.

Demand side management

Demand side management can act as ancillary service providing load shedding
during emergency situations involving transmission or distribution systems. In such
cases, ESSs could avoid supply interruptions for customers, delivering them the
stored energy when needed. Moreover, DSOs could use ESSs to match
load/generation forecasts, to increase their flexibility and to fulfill the connection
requirements of new DG.

5.4.

Internal DSO business

As an alternative to the above mentioned approaches, DSOs could install ESSs
within their network exclusively for their own internal business of operating the grid.
DSOs could collaborate with a third party owning a storage device or install and
manage directly these devices.

5.4.1.

Load curve smoothing

One of the most important operational tasks for DSOs is to avoid overload of grid
devices such as transformers, cables, etc. Load curve smoothing is a response to
this issue. ESSs can fulfill this function by acting as a local generator and feeding in if
the load current exceeds the thermal limits of the grid assets, and by storing energy if
Reverse Power Flow due to generation exceeds the transit limits.
This application requires a feedback loop to the critical assets conditions (e.g.,
temperatures), which implies a proper automatic control system supervised by
operator, so it is usually a DSO task. The ESS operator should ensure that the
storage is able to charge or discharge over the whole time period of critical overload.
Because this service can extend over hours, the ESS capacity must be rather high,
which makes this solution quite expensive. This should therefore be seen as a niche
application that can be used temporarily to cover the period of grid enhancement.

5.4.2.

Voltage control using active power

Voltage control is an important internal DSO business operation. In some critical
situations, this application can be executed by using active power. A storage device
is used to keep the voltage of a specified grid segment within a defined range, with
the aim of guaranteeing the quality of supply. To achieve this, storage has to feed in
when voltage is low and to store energy when voltage is too high.
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If used for supply voltage control, the timescale can range from minutes to hours. So,
the ESS energy capacity must be rather high. On the contrary, fast voltage control
(like flicker and dips) normally requires less energy capacity, making the use of
storage more accessible.

5.4.3.

Voltage control using reactive power

This network application exploits the ability of DC/AC converters equipping ESSs to
control their reactive power exchanges. It is important to highlight that the reactive
control is independent from the ESS state of charge; so, this service can be coupled
with other services provided by the storage.
The voltage control can be realized on the basis on local measurements or with
centralized logics (requiring a dedicated communication channel between the ESS
and the DSO control center).
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6. REPORT on Electro-mobility and integration to the grid
6.1.

Introduction

The objective of this chapter is to describe international state of the art and technical
trends of sustainable mobility (private and public) and its integration with energy
storages and intelligent grids (looking at barriers, favorable conditions and best
practice of mobility patterns in relation to generation, storage, distribution and
consumption of power).
In particular, it is divided into the following parts.
A. From sustainable mobility to e-mobility:
overview of e-mobility, definitions, Europe's 2020 vision, e-mobility like a
contribution to sustainable transport development.
B. E-Mobility, ICT, infrastructure and business models.
- E-Mobility system development: the design and development of Electric
Vehicles (EVs) and the issues that affect end-users and suppliers to use,
maintain and take advantage from EV systems.
- The role of ICT: ICT evolution about position of the vehicles, reorganizing
fleet, better understanding power usage, optimize the use of renewable
sources and predict mobility behaviors, etc.
C. EV infrastructure, location and characteristics.
Overview of EV charging infrastructure and location (public areas on public
property and private areas on private property).
D. E-Mobility business modeling options, a “holistic” approach.
Overview about challenges and opportunities for new business models, types
of business models, an “holistic” approach for the classification of electromobility business models, in particular: the vehicle together with the battery;
the infrastructure system; system services which integrate Electric Vehicles
into the energy system.
E. Market models in Europe.
Overview of identification of actors and role definitions, generic picture of
markets relations and national case studies of implemented market models.
F. Overview of policies and initiatives.
- National development programmes: introduction to the wide array of
programmes and structures that foster the introduction of Electric Vehicles
in their respective markets.
- Standardization process and EU pilot initiatives:
overview of the initiative of the big European countries that have all started
showing some activities that go from pilots in cities to regional programs of
electro-mobility.

6.2.

Why e-mobility?

Mobility is a shared core value in contemporary society and has become a key
concern in cities both in the developed and developing world. In the last 50 years,
cars have enabled people to be flexible about where they live and work, providing
them with a better accessibility to primary services, such as schools, health centers,
shopping and business districts. At the same time, mobility must be sustainable, in
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terms of safety, affordability and impact on the environment. Now governments are
focusing on the last of these three, and the key words are “Clean Mobility”. This leads
to programmes and actions designed to substantially reduce the carbon emissions of
both private and commercial vehicles. They must meet the transport sector’s
contribution to the agreed targets for reductions in greenhouse gas emissions: at the
EU level the overall target is a 20% reduction by 2020 compared with the 1990
reference level.
As one of the biggest emitters of CO2, the transport sector, and in particular the
passenger car segment, is required to make substantial improvements in its
environmental efficiency. The electrification of vehicles has often been seen as a
central option to help deliver this objective. Although electrification has been a
recurring theme in the history of the automotive industry, recent years have seen
radical changes to the context, opening up new development opportunities for EVs:
climate change concerns, the increase in oil prices and long term oil scarcity, major
technological innovations in areas relevant to the automotive industry (eg. batteries),
the pressure on innovation within the automotive sector, and the car manufacturers’
response to the EU regulatory requirements for carbon emission reductions. A key
word is e-Mobility.
Nevertheless, even with further scope for decreasing CO2 emissions by improving
the efficiency of the internal combustion engine (eg. reducing the weight components
and the engine power of vehicles) and increasing the use of alternatives fuels
(natural gas, clean diesel, etc.) EVs could be an important way of improving
individual mobility while minimizing emissions, and represent an important challenge
for European industries. The deployment of e-Mobility, in fact, will depend not only on
specific technologies that will be adopted, but on the ability to organize and manage
operations of a complex landscape of players: car manufacturers, battery producers,
mobility service providers, energy suppliers and distributors, and institutions.
Europe's 2020 vision is for a minimum 20% reduction from 1990 in total greenhouse
gas emissions. This is to be achieved through a package of measures including
measures aimed at the transport sector. Member States however face challenges of
growth in user and energy demand and high dependency on fossil fuel sources for
transport, contributing to an upward emissions trend. The consensus on fossil fuels
as finite means many low carbon energy alternatives now exist, but short-term,
electricity or e-mobility provides a viable solution.
The central argument for e-mobility is that the electric car will contribute to a
sustainable transport development. In the public debate, e-mobility is presented as
the ultimate solution to nearly all transport problems. However, the field of transport
policy stands out for a distinct gap between the programmatic goals formulated by
transport policy and the real transport development. For example, in 2001 the first
White Paper on Transport by the EU Commission endorsed sustainable transport
development while now, ten years later, the second White Paper on Transport has
had to admit that ‘‘the transport system is not sustainable’’.
With the appearance of the themes of peak oil and the move towards alternative
energy sources new topic have appeared on the agenda, alongside the economic
and the ecological debates which have influenced the e-mobility discourses from the
beginning [38].
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6.3.

E-Mobility, ICT, infrastructure and business models

6.3.1.

E-Mobility system development

The design and development of Electric Vehicles (EVs) is a complex and distributed
process where large partnerships have been implemented with the scope of learning
and acquiring selective technological competencies developed also outside the car
industry. The introduction of EVs can be depicted as a collective innovation wherein
different actors such, automobile batteries producers, utilities and system integrators
contribute with complementary resources as well as technologies, and converge
towards common goals and incentives.
It’s necessary that the integration, coordination and direction of the different
strategies and goals of various organizations, that take place in such process, require
a novel form of organization and combine the scope of learning typical of networks,
with the coherence of centralized decision making like in the vertical corporation.
It is appropriate to identify in the innovation platform, which has recently drawn the
attention of many studies in the field of innovation, the appropriate organizational
solution for such a problem of dynamic coordination.
Apart from passenger cars, many different vehicle types will be electrified in the
future. Generally, these vehicles are very heterogeneous and can be subdivided into
several variable subgroups: city cruisers, racing and off-road motorbikes, city
bicycles (‘Pedelecs’), trucks and vans. Their specifications largely depend on the
type and use of the vehicle (i.e., the subgroup) and need to be compared more
profoundly to receive meaningful results. As many of the vehicles are not produced in
large quantities, individual modifications are often possible.
In some countries, non-passenger-car EVs already represent market shares of up to
10%, as do electric bicycles in the Netherlands, indicating a significant market
potential for non-car electric mobility.
EVs are very much in the spotlight and high on the political agenda for two reasons.
On the one hand, electricity is being domestically produced across Europe and has
the potential to be carbon‐neutral. On the other hand, with an increased share of
RES in electricity generation schemes, EV batteries can provide a means to balance
intermittent energy sources.
Nevertheless active demand management and an “intelligent” electricity network,
grids and meters are indispensable if EVs are to be efficiently integrated into the
electricity system and potential synergies with RES are to be harnessed.
These challenges and the ever‐present need for transportation are the principle
driving factors for EVs. A great advantage of EVs compared to other alternative
transport solutions is the fact that the majority of the infrastructure, i.e. the electricity
grid, is already in place. Only the final infrastructural elements, i.e. the charging
stations, remain to be rolled out.
The infrastructural hurdles associated with the further spread of EVs are thus
relatively small compared to the roll‐out of a hydrogen infrastructure for example.
Nonetheless, finding business models that foster these infrastructural developments
is essential.
The system framework requires smart management for EVs consumption and energy
sources production in order to overcome the limits of renewable energies.
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As well known, nowadays, automobile market offers few electric-drive vehicles, both
powered solely by battery and hybrid one with battery and internal combustion engine.
But in the next future automakers plan to introduce more and more electric-drive
models. Since these vehicles will require the use of batteries with high energy storage
capacity and with large electric load charging requirements, this concept will have
considerable impacts on the electrical system design and operation, similarly
conclusions stand for the environment footprint of the correspondent electric energy
production. On the other side, if e-cars are powered by electricity produced by RESs,
this mobility solution offers a key pathway to achieve reduction in global warning
pollution and oil dependence. It is expected that vehicles transition from burning oil to
electricity will occur at the same time as power plants shifting from “traditional” to
“renewable”. In this scenario, there is a need for new advanced platforms for helping
both end-users and suppliers to use, maintain and take advantage from EV systems.

6.3.2.

The role of ICT

ICT evolution allows to suppose that in the close future every car will have a
GPS/Galileo device that permit to register not only the position of the vehicle but also
to monitor usage parameters. Through the real-time monitoring system a lot of
information could be collected into a main databases and threated by special
processes that analyze data and extract useful statistics supporting systems users on
critical aspects like: fleet distribution, rental network balancing and vehicle usage
balancing.
Companies can also take advantage from the ICT technologies tracking system to
better understand the distribution of vehicles on territory reorganizing fleet in a better
way. Related to this last aspect, and focusing on car sharing service, the ICT support
assumes importance on analyzing cars demands (vehicle usage) and territory
distribution of rental depots, to achieve an optimized distribution of cars. Last but not
least, by joining car demands and maintenance the platform can help on balancing
fleet usage between rental depots in order to avoid situations where some vehicles
should be repaired or replaced because excessively used and some others are not
used at all.
The ICT can also be helpful to power suppliers for better understanding power usage
and manage the network joining information of renewable power plant location and
forecasted production pattern, in order to coordinate, at a local level, the energy flows.
Finally, EV represents one of the most interesting mobile storage opportunity, which
can be exploited as buffer for the electrical grid and support the network stability; EV
may compensate the power intermittence due to the renewable generators production
(e.g. photovoltaic system) with further benefit.
Once again, ICT could be very useful to couple together information of power usage
and supply to optimize the use of RESs avoiding, as much as possible, the use of oil
and carbon with indeed benefits for the ecosystem.
ICT will be used in particular to predict mobility behaviours and hence define charging
plans according to the needs of users as well as to the constraints of the grid and the
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real-time arbitrage opportunities offered by wholesale energy markets. In this regard,
either mobility operators or car manufacturers will work hand in hand with utilities and
their trading desks.

6.3.3.

EV infrastructure, location and characteristics

The access to public EV charging infrastructure can be considered as a public good,
but the modalities of achieving this access depend on local political and regulatory
choices in each country. Internalizing the costs for rolling out the public charging
infrastructure does not necessarily follow the same rationale as including externalities
such as environmental effects in energy taxes. In some countries, it is probably
reasonable to argue that the users of the infrastructure should pay for the costs
(through a grid fee, for example), and not society as a whole (i.e. tax payers). In other
countries, the cost‐effective choice might be for all users of a local grid as an existing
natural monopoly to be the additional costs for the public charging infrastructure.
The charging infrastructure for EVs will need to be deployed in many different types
of location (cities, highways, parking lots, residences, etc.). Although many issues
are not location dependent, each type of location has specific characteristics and
related regulatory challenges which need to be taken into account. Grouping these
locations together by shared characteristics leads to the following four types, which
are very much related to the way the electricity supply structure is currently organized
in most countries.
Public areas on public property
These types of location are normally owned by public authorities, often municipalities,
and include roads, pavements, public telephone boxes, kerbs, public parking lots,
etc. Currently, EV infrastructure deployment in public areas on public property is
regulated by rules of concession, building permits, etc.
Electric infrastructure is available in the form of the DSO MV/LV (Medium Voltage
and Low Voltage) network. This network runs under pavements, close to building
walls or on elevated cables, and connects private installations on private property,
normally through a single entry point. Currently there are no open access points
available for users to plug in their electric application. Depending on the location,
considerable slack in power delivery conditions may exist in some cases that allow
charging EVs free of charge. However, in many urban areas, power transformers
may already be working at maximum capacity and might therefore require new
investments in order to upgrade the delivery capability.
Existing Electric Customer Installations (ECIs) are all for public purposes, including
street lighting, traffic lights, and in some cases advertisement structures. Exceptions
normally include temporary installations for the supply of electricity to events (fairs,
concerts, etc.) or construction works, in which case DSOs make available a link for
temporary private use. Other exceptions may include advertisement stands with
permanent private contracts. Charging in these locations will typically be undertaken
by, either EV customers who live in apartments without private charging facilities, or
by customers parking their car for a shorter stay. While the first will require long‐term
charging, for example overnight, the latter could imply a requirement for faster
charging, for instance allowing the battery to reach 70-80% of total capacity within
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20-40 min of charging. Stations for battery swapping are also a possibility here,
allowing customers to change the discharged battery for a fully charged one, thereby
quickly extending the EV range.
Public areas on private property
Public areas on private property are locations which can be freely accessed and
entered, but where the property is privately owned. Examples of vehicle parking
spots available to the public include shopping malls, private parking lots, and multioffice building garages. The following characteristics are worth mentioning. The
available electric infrastructure consists of the property owner’s or user’s ECI. It is
connected to the DSO MV or LV network, normally through a single entry point, and
is regulated by a power contract sized to the property’s needs. In principle, end users
have two contracts: a connection contract with the DSO and a supply contract with a
retailer.
Private areas on private property
In private areas on private property, such as private homes, charging of the vehicle
can take place in the garage. Electric infrastructure is available through the ECI of
the owner or user of the property, which is connected to the DSO MV or LV network,
normally through a single entry point and with a power contract sized to the
property’s needs.

6.3.4.

E-Mobility business modelling options, a “holistic” approach

Challenges and opportunities for new business models
Due to the various application cases of EVs, numerous business models can emerge
leading to new shares in the value creation and involving new participating players.
Consequently, the individual stakeholders are uncertain as to which business models
are really effective with regard to targeting a profitable overall concept. It is very
important to define a holistic approach to developing business models for electric
mobility in order to give decision support for concerning enterprises on the other
hand.
It is necessary to observe the basic elements of electric mobility and discuss topical
approaches for business models for various stakeholders.
The major obstacle to rapid market penetration of EVs at the moment, however, is
the higher initial investment required, when being compared to conventional
combustion engine vehicles. On the other hand, the running costs of electric cars are
actually lower, but these do not stand out sufficiently on a total cost basis. New
approaches tend to follow one of four main directions:
Better utilization of the vehicle capacity.
Extended utilization concepts (to improve the economic efficiency of the overall
system through new applications).
Secondary usage of the components.
Increasing acceptance.
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Types of business models
The basic idea of business model can also be transferred to innovative business
models for electric mobility, business models divided into three elements:
- Value proposition: defines the promised value of a product offered by the
manufacturer to the client beforehand.
- Value chain configuration: describes the potential possibilities to design the
product offered with regard to the different shareholders involved in a business
model.
- Revenue model: fixes the type of payment the customer makes to the supplying
shareholder as part of the offer.
It is necessary that this classical business model is differentiated from new,
innovative models. If these are applied to mobility, two are possibilities for the final
customer: 1) he can buy the product in the form of a vehicle or 2) purely the service
in the form of a taxi.
Service-oriented business models can be further split into the two categories of:
“use-oriented”;
“result-oriented”.
The core product is no longer the focus, but rather a contractually guaranteed
performance even after delivery, which is provided with the help of the core product.
For battery-powered electric drives guarantees the supply of vehicles or of mobility
services without the customer having to actually own a car.
An »holistic« approach for the classification of electro-mobility business models
In order to develop such a holistic instrument for business models concerning electric
mobility, it is necessary to consider those components which are influenced by
battery-based electric mobility concepts within the overall system, or which help to
dismantle obstacles and thus promote the introduction of EVs. The identified drivers,
discussed in literature, here include:
 The vehicle together with the battery.
 The infrastructure system.
 System services which integrate EVs into the energy system.
Framework conditions for new business models
Mobility has to be differentiated into offers for private individuals and for companies.
Since companies tend to calculate on a total cost basis much more than private
individuals, the commercial domain seems to harbor particular potentials for the
introduction of electrically-powered vehicles. In addition to this, companies have the
opportunity to switch only parts of their fleet. To do so, however, they have to know
their own driving/parking profiles and be able to evaluate them correctly. In this way,
the share of vehicles suitable for inner-city use could be identified and then converted
to electric drives. In addition, there is the possibility to equip logistics companies
operating in innercity areas, as well as delivery companies with EVs.
Up to now, the widespread introduction of electric cars among private individuals
seems to be more difficult. So called «mobility guarantee» may help to overcome
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some of the obstacles to electric cars here and thus raise their acceptance level. It is
important to consider the infrastructure system’s level of maturity, when forming
business models for private individuals.
Batteries make up a large share of the total cost of an electric vehicle and
consequently represent the key element for its economic efficiency.
Battery exchange concepts represent another possibility which is closely related to
mobility concepts (the battery remains the property of the manufacturer and is
exchanged between different vehicles). In this case, vehicle and battery would be
independent of each other, which makes it even more difficult to design the
respective business models.
System integration
Large shares of today’s energy supplied in the form of liquid fuels could be shifted
into the electricity sector as a result of electric mobility. Business models therefore
have to take into account the special characteristics of the energy source electricity.
For the user, this means: 1) a grid-bound supply and 2) a comparatively low energy
storage density.
New approaches are required by the high level of charging concurrency and the
increase in the grid’s peak load. How loads can be shifted or controlled in the future
is, therefore, an essential factor for business models with the objective of system
integration. The transition to flexible electricity consumption is not just limited to
electric mobility, but affects the implementation of information and communication
technology in all areas of the electricity system. Because of the increasing shares of
fluctuating generation, controlling electricity demand is becoming ever more
important as an additional option of electricity management.
The electric mobility is becoming more relevant because its consumption can be
shifted and controlled thanks the high penetration of intermittent RESs.
There are also opportunities from the storage capacities of EVs alongside the
intelligent control of demand. Due to the use of vehicle batteries as short-term
storage units, fluctuations in generation and demand can be evened out. However,
the applications for this type of storage are limited.
There are existing economic potentials in all areas which should be exploited in the
context of introducing electric drive systems. The aim of the different companies may
be to venture into new areas, the value added shares between traditional and new
stakeholders also have to be redefined [39].

6.3.5.

Market models in Europe

Identification of actors and role definitions
The availability of public recharging infrastructure is an important precondition for the
success of e-mobility. However, the e-mobility market is still under development and
business activities in this field do not deliver any return on investment.
It is necessary to promote a simple and adequate market organisation during the
market development phase in order: 1) to avoid serious under-investment in public
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charging infrastructure and in order 2) to trigger infrastructure investments and
prepare the ground for a sustainable, balanced and profitable market.
The Member States must decide on the most adequate market organisation
according to their national characteristics (both electricity market and e-mobility
needs). In the longer term, the customer will be able to determine the success of the
market model and thus the most cost-efficient solution.
The possible market models for deploying publicly accessible charging infrastructure
are two:
1) one in which the infrastructure investment is recovered solely by the e-mobility
customers (independent e-mobility model);
2) one in which infrastructure investment is integrated in the grid tariffs, thus
spreading the cost between all grid users (integrated infrastructure model).
A market model that aims for a competitive environment for e-mobility must allow for:
- access of new entrants, competing with a wide range of products and
services;
- a stable and long-term investment climate for e-mobility;
- transparent services and prices, encouraging customer behaviour to reflect the
costs involved (e.g. peak demand);
- revenue creation that reflects value creation and actual costs, avoiding a
transfer of costs to other actors.
As a first step, market roles are being described that occur in any e-mobility market
model. A distinction is made between:
- “Primary market roles” for establishing a market environment (i.e.
essential/indispensable roles that have to be fulfilled in any functioning emobility market, independent from the market size).
- “Secondary market roles” are roles that may arise in addition due to market
scale-up but are not necessary for the basic functioning of the EV market.
In actual business models, a business player may undertake one role, or a
combination of several roles, as long as regulations already in place allow for such a
combination.
Generic picture of markets relations
The primary market actors, and corresponding roles, relate to each other. The figure
below provides a general view: the convergence between the electricity market and
the emobility charging market.
The e-mobility market is inherently linked to the electricity market. The figure above
gives a first hint on the “point of connection” between the overall (national) electricity
market and the emobility market. Of course, some actors/roles may perform their
tasks inside the electricity market only: e.g. the TSO or the electricity supply market,
while other actors and roles have a more direct contact, and thus a more direct
impact on the market for e-mobility: e.g. DSOs, metering services and retail services.
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Figure 9. Generic picture of the electricity and the e-mobility markets, Eureletric, July 2013.

National case studies of implemented market models
Below national implementations of e-mobility market structures in some Member
States are decribed.
a.
e-Mobility Service Providers might also be Charging Station Operators, a DSO
in charge of deploying the infrastructure thus acting as a Charging Station
Operator. This model is currently being implemented in Germany, France,
Spain and Denmark. Indeed some minor variations to the market organization
may exist, but the general market structure fits to the “roaming of charging
service”. It goes along the following interactions. The public charging stations
are being deployed independently from the “regulated” DSO/grid business. The
„provision“ of charging stations (building, owning, and running it) is a
competitive activity that can be carried out by „any market participant“ – so
actually more than one party might install charging stations in a town or on a
single street.
b.
Electricity Supply Retailer might also act as an e-Mobility Service Provider.
Many other combinations may exist. This market model is already being
implemented in Italy as part of early market phase tests, mandated by the
Italian authority for electricity and gas; in Ireland, following a decision by the
Irish government as part of the national roll-out plan for recharging
infrastructure; and in Luxembourg. This implementation strategy is inspired by
the “roaming of electricity and service” scenario by establishing a multi-vendor
platform that allows for competitive offers between e-Mobility Service Providers
while having access to the public charging infrastructure [40].

6.4.

Overview of policies and initiatives

The solutions proposed by European Commission in order to reduce the levels of
congestion and pollution can be embedded within the policies addressing
“sustainable mobility”.
These solutions are a multiplicity and can be summarized in:
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6.4.1.

policies directed of modal integration of transport system, of urban planning
and study of new concepts of mobility;
policies aiming to affect the demand of mobility (e.g. reducing traffic
congestion by empowering public transportation services, or bike/car-sharing,
creating at the same time disincentives for car owners entering in urban
areas);
policies directed to bear on the circulating fleets (e.g. incentives to taxi
operators to change their conventional cars with pure EVs).

National development programmes

Fast deployment of EVs and their integration in the European electricity market can
be the key to meet the long-term targets stated in Europe 2020 Strategy and
Transport Roadmap 2050.
Europe 2020 Strategy has set a target of reducing Europe GHG emissions in 2020
by 20%, when compared to the 1990 levels. In February 2011, the “Roadmap for
Moving to a Competitive Low Carbon Economy in 2050”, endorsed by the
Commission, set a reduction target of 80 to 95% by 2050 with the further specific
objective of 60% emissions reduction from the transport sector by 2050.
The drastic reduction in emissions aimed for by the EU can only be accomplished
through the smart integration of the transport and energy sectors, where demand and
production are managed by sophisticated ICT applications. In the case of electromobility, these applications can map the source of the electricity to be used in the
charging of the EV batteries.
Europe has then a target of 20% in renewable sources in final energy consumption
by 2020 and 100% of low carbon technologies in the energy mix by 2050.
Furthermore, it has set a 10% target for the use of renewable energy in transport by
2020 sponsored also by the Green Cars Initiative, which supports R&D on
technologies and infrastructures able to develop the use of renewable and nonpolluting energy sources. EVs can be used as a large-battery with the capacity of
storing low carbon energy at night for use during the day and this fact has the
enormous potential to make clean energy sources such as wind, solar, wave and
geothermal power more viable and to allow users to choose the preferred electricity
mix, accelerating then the decarbonisation of power sector. Concerning the 10%
renewable energy in transport target (which in a first phase was thought to be
covered mainly by biofuels), EV battery seem the most viable and potentially wide
spreading technology that can enable Europe to achieve this goal in a short-medium
time-frame.
The European strategy for 2020 provides a target of 20% reduction of primary energy
consumption through energy efficiency and the Commission is pushing towards the
deployment of smart grids in order to meet this target. The efficiency target of Europe
2020 will not be met in the absence of powerful measures such as the wide
electrification of the transport sector, incurring in a target shortfall of 10 percentage
points. The deployment of EV, once integrated into the electric grid through smart
charging ICT systems will optimise electricity consumption and production.
The Roadmap Transport 2050, on the other hand, sets the objective of moving
towards zero noise pollution and the goal of zero conventionally fuelled cars in cities
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by 2050. The drastic reduction in noise pollution linked to the use of electric motors
will have a great impact in terms of quality of life, comfort and health, especially in
urban areas. Electric vehicles have zero emissions in the point of use, which means
that dangerous emissions like fine particulate (PM10, PM2.5) or nitrogen oxides
(NOX) are not emitted at ground level. The effects on air quality, and so on citizens’
health, are dramatic and tangible in a short time period.
The Roadmap Transport 2050, and the Green Cars Initiative, set the objective of
traffic congestion reduction. ICT applications for electro-mobility can help tackle the
problem of traffic congestion through the interaction between vehicles and
infrastructures, which provide valuable information to the users. Along with new
vehicles concepts, electro-mobility can be the support behind a wide spread
distribution of new transportation modes of micro-mobility, such as car-sharing and
bike-sharing, in a high level integration framework in relation with other transport
modes.
Europe seems to be the most “ready” place for the deployment of electro-mobility, as
in terms of infrastructure, as in terms of future user adoption and policy framework.
Different socio-economic conditions, and policies undertaken, have led to different
characteristics of electro-mobility initiatives across Europe.
Governments have introduced a wide array of programmes and structures that foster
the introduction of EVs in their respective markets.
The information from the following sources has also been accounted for in Table.[42]

Country
Austria

Electric mobility development
plans/programs
Different

electric

mobility

Source

pilot KLFO, 2008

projects enable access to the socalled ‘mobility card’ car leasing
and maintenance and free
charging for
these cars

Belgium

The

individuals

Transport

Minister

using
for

Wallonia made available € 2
million for municipalities planning

ACEA, 2009

to buy Electric Vehicles (cars,
bicycles and vans)
Denmark

EVs can park for free in Denmark
In

collaboration

with

the

US

company Better Place the Danish

AVERE, 2007
DEWE, 2009

energy corporation DONG plans
to invest € 100 million ($ 135
million) to build up infrastructure
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in the country for electric cars.
Charging the battery of an Electric
Vehicle should become as fast as
filling up a tank of gas. The overall
number of EVs in Denmark is
estimated to increase to up to
100,000 within two years
An

international

consortium

carries out the EDISON R&D
project on intelligent integration of

XU, 2009

EVs and their optimal interaction
with wind power, being budgeted
with € 5.6 million
Finally, a € 4 million EV fleet trial
program is funded by the Danish
Energy Authorities
5,000 Hybrid and fully Electric
Vehicles were ordered in the
course of
a
2008
public

XU, 2009

AVERE, 2007

procurement programme
The French government plans to
set-up
a
public-private
procurement plan that coordinates

Chatel and Jouanno, 2009

the demand of EVs for public and
private use (e.g., French post
planning to procure 10,000
Electric Vehicles by 2012)
Germany

The development of a common
Schraven, 2009
plug standard (400 V, 63 A,
European wired applicable) has
been announced by major energy
and automotive
March 2009
At

the

companies

in

‘Nationale

Strategiekonferenz

BUND, 2008

Elektromobilität’ in November
2008 in Berlin, the German
government announced a national
target of 1 million Electric
Vehicles by 2020
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Greece

Electric and hybrid vehicles are
HIEV, 2009
excluded
from
circulation
restriction in metropolitan areas,
where these are applied

Ireland

The government aims for 10% of
the national fleet (250,000 cars

RTÉ, 2009

and vans) to be electric. The first
significant number shall hit the
road within the next two years. It
has signed a deal with RenaultNissan
accordingly.
The
government hopes that by
boosting renewable energies, like
wind, and improving the electricity
grid, the introduction of electric
cars will lead to a significant drop
in carbon emissions in the
transport sector
Italy

The region of Lombardy is to
IND, 2010; EDM, 2010
install 270 EV charging points in
two major cities as it prepares to
test some of the first EVs to arrive
in the country. The pilot project ‘EMoving’ will start in June in the
two cities of Milan and Brescia
and is scheduled for one year.
The two cities are to be the first in
Italy to boast a complete charging
structure for EVs, allowing them
to participate in the one-year trial
of commercial and personal EVs.
French carmaker Renault and
Italian utility firm A2A will make 60
EVs (including the Renault
Fluence Z.E. and the Renault
Kangoo Z.E.) available to rent for
costumers on a monthly basis at a
rate comparable to a similar
diesel model. A ‘point-to-point’
charging network across the main
cities of Lombardy shall be
installed in the near future
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Car manufacturer Daimler and
DAIM, 2008
Enel,
Italy’s
largest
power
company launched the project ‘emobility Italy’ which will test more
than 100 Smart and Mercedes
EVs under real-life circumstances
in Rome, Milan and Pisa in 2010.
Enel will be responsible for
developing and setting up over
400 charging stations in the three
cities especially for this purpose
An Italian private equity manager
plans to build electric cars in Sicily

FTIME, 2010

when Fiat stops producing cars at
a plant on the island next year.
The € 900 m ($1.2bn) proposal
aims to combine Italian money
and design flair with Indian
technology to produce cars as
well as a network of recharging
facilities powered by the island’s
most obvious and underused
energy source – the sun. The
Indian car manufacturer Reva
might produce its next generation
of EVs for the European market
there
Netherlands

Dutch

companies

will

be

financially incentivised to invest in
the sector. Both national and local

MINDS, 2009

governments will be doing their
bits by electrifying their own fleets
as soon as is possible. A total of €
10 million worth of grants will also
be available for practical testing
via tendering schemes. Grid
operators have agreed to build at
least 10,000 charging stations
around the country by about 2012
Norway

Drivers of EVs are allowed to use
bus-lanes and are exempted from

OEN, 2009

congestion charges and public
parking fees. Norway has enabled
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the free use of ferryboats
connecting national roads since
2009
Portugal

Portugal plans to have 320
GCC, 2008
charging stations by 2010 and
1,300 by 2011

Spain

One measure to achieve Spain’s

BUGR, 2008;
goal to have one million electric or
hybrid cars on the roads by 2014 BERR, 2008a
is to provide consumers who buy
an electric car in Spain with a
rebate of 15% off the price of the
vehicle

UK

Alternatively fuelled’ vehicles,
KING, 2008
including EVs, are exempt from
paying
the
central
London
congestion charge (£ 8 p.d.),
while future revisions of the
scheme most likely will even
increase the charges for high
emission vehicles
London’s
Mayor,
a
strong
WWF, 2008
advocate of EVs, attempts to
make London the European
capital for EVs and therefore
wants to deliver 25,000 charging
points in the city’s workplaces,
retail outlets, streets, public and
station car parks by 2015 (est.
cost: € 60 million)
Employers

and

company

car

drivers are encouraged to choose
a low carbon vehicle through the
company

car

tax

EDIE, 2009

scheme’s

financial incentives
In the London Borough of
ETEC, 2007
Richmond and Manchester, the
costs of parking permits depend
on the vehicle’s emission level
EVs being exempted from all
parking fees
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EU

The European Green Cars
initiative (launched in July 2009)
is included in the Commission's
recovery package as one of the
three
private
and
partnerships (PPP).
It

includes

three

public

streams

of

action: 1 R&D, mainly through
FP7 grants for research on
greening road transport (budget: €
1 billion, of which € 500 million
from the Commission, matched by
€ 500 million from industry and
Member States).
2 Support to industrial innovation
through EIB loans (budget: € 4
billion in
loans).

addition

to

existing

3 Demand side measures and
public procurement, such as
reduction

of

circulation

and

registration taxes for low-CO2
cars
USA

The first zero-emission vehicle

CARB, 2008; ITS, 2004; MIT,
(ZEV) mandate was introduced by 2007; WWF, 2008
the California Air Resources
Board (CARB) in 1990 as part of
the
Low
Emission
Vehicle
Program. The ZEV-mandate –
aimed at enabling a large scale
introduction of ZEVs - initially
required that 10% of new cars
sold in California to be zeroemissions vehicles by 2003, but
the timeframe was abandoned as
it became apparent that the
technology was not mature
enough to compete in the market.
Nevertheless, the ZEV mandate
has been partly successful in the
past and lead to the development
and low-scale
several FEV

deployment

of
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Today, car manufacturers are
UCS, 2008; Roland Berger, 2008
required to introduce ZEVs by
2014, independent of their fleet
emission levels within the zeroemission mandate, but the
number of required pure-ZEVs
has been significantly reduced
compared to earlier regulations.
Assumedly, further U.S.-states
will adopt comparable regulations
in the near future
The U.S. Government focuses on

MIT, 2007; ABERN, 2006; EPA,
public-private 2007

supporting

partnerships between US OEMs,
government agencies, national
laboratories, and developers of
low-carbon
technologies.
‘Partnership for Next Generation
Vehicles’ – the first program started in 1993 and has been
replaced by the Freedom CAR
program in 2002. In California and
Virginia, EV drivers are even
offered access to high-occupancy
lanes regardless of the number of
passengers. Generally, the use
and development of PHEVs is
encouraged by further state and
local policies
Federal fleets are required to

ABERN. 2006; TNYT, 2009;
select the most fuel-efficient WBCSD, 2009; FAST, 2009
vehicles, in some states even
hybrid vehicles. A $ 2.5 billion
programme for the development
of electric-powered cars and the
improvement
of
battery
technology has been released by
the States Department of Energy.
Another $ 2 billion programme for
battery development has recently
been set-up as part of the
economic

stimulus

programme

enacted by the U.S. Congress
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In cooperation with Better Place
(mentioned above) and the
Renault-Nissan
government
of
transform
transportation

group,
Hawaii

the
will

the
state’s
infrastructure to

renewable sources of energy:
About 100,000 charging stations
($1 Billion) for EVs are to be built;
renewable energy sources should
meet 70% of the state's needs by
2030
Australia

Better Place in collaboration with
AGL Energy and Macquarie under
the authority of the government
will construct an EV network
capable of supporting the switch
of Australia's 15 million gas cars
ZEVs (budget of $ 25 million). The
first

city-wide

roll-out

of

EV

infrastructure will take place in
Canberra. The construction of
charge spots and battery swap
stations will begin in 2011, the
support for customers in 2012
China

Gasoline
two-wheelers
were
Roland Berger, 2008
banned from the city-centres,
which

could

also

happen

to

conventional passenger cars as
soon as Electric Vehicles become
widely available, according
Roland Berger (2008)

to

Additionally, the state electricity
grid started the set up of electric
charging stations in
Shanghai and Tianjin
Israel

TNYT, 2009

Beijing,

In collaboration with Better Place,
Israel will start the large-scale
introduction of EVs in 2011/2012.

SYRO, 2008

In the course of the Better Place
project, about 500,000 charging
and several battery exchange
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stations are planned to be
established all over the country
until 2012. All in all, a long-term
annual purchase of 30,000
vehicles is expected
Table 6. Government development programmes. Source:
http://ec.europa.eu/clima/policies/transport - Impacts of Electric Vehicles (Deliverable 1), April
2011.

6.4.2.

Standardization process and EU pilot initiatives

The big European countries have all started showing some activities that go from
pilots in cities to regional programs of electro-mobility. Germany and France present
some differences being driven by their OEMs for many of their pilots in this field and
by electricity utilities when developing the charging infrastructure (RWE and EDF).
The French government has invested € 750 million in electro-mobility (Besson,
2011): mainly in development of new vehicles, and the German Ministry of
Economics and Technology awarded € 119 million to 8 different model regions.
Anyway all these initiatives are really fragmented and not communicating among
them, and in some cases just focused on the development of the EV itself. This
situation is similar in Spain and also in the UK, where the Plugged-In Places
programme has made £30 million available to fund eight pilot projects installing and
trialling recharging infrastructure (OLEV, 2011) – the main of which are Source
London and North East.
In Italy the situation is also very fragmented and the main actors, leading pilots, are
Enel (partnering with Smart, but also with electricity utilities such as Acea and Hera)
and A2A (partnering with Renault), which have developed different charging stations
and systems; Siemens Italia is working with the two companies in order to make
those systems interoperable.
On the contrary, smaller countries like Portugal, Ireland and the Netherlands are
taking the lead of the sector having invested in the development of infrastructure, and
the systems associated, with the view that electro-mobility can open a completely
new world of services associated at the pre-condition of having an interoperable and
integrated charging infrastructure.
The Europe 2020 strategy for a smart, sustainable and inclusive growth, in its
Flagship Initiatives “Resource efficient Europe” and "Innovation Union", aims at
tackling the social challenges like climate change, energy and resources scarcity, at
enhancing competitiveness and meeting the energy security by more efficient use of
resources and energy. In line with this strategy, the White Paper “Roadmap to a
Single European Transport Area – Towards a Competitive and Resource Efficient
Transport System” called for breaking the oil dependence of transport and set a
target of 60% greenhouse gas emissions reduction from transport by 2050.
It is necessary to mention the Proposal for a Directive of the European Parliament
and of the council on the deployment of alternative fuels infrastructure.
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This proposal requires establishing a minimum number of recharging points for
electric vehicles by each Member State, with 10% of them being publicly accessible.
It defines minimum numbers per Member States, based on the national targets for
electric vehicles already set in many Member States, and an extrapolation to the total
number to be expected for the whole Union.
A larger number of EVs can be expected in Member States with a higher rate of
urbanisation, as EVs will be deployed predominantly in urban agglomerations, due to
range limitations, and the large benficial impact on reducing pollutant emissions and
noise.
EVs further need to have at least two recharging points per vehicles available for full
recharging, and a certain number of publicly accessible recharging points for
intermittent topping-up recharging to overcome range anxiety.
Case Study: Estonia
The Government decided to invest some of the unutilized credits, under the Kyoto
protocol, to build up projects designed to reduce CO2 and GHG emissions, among
which ELMO: Estonian electro-mobility program. Mitsubishi was interested in the
electro-mobility project proposal and in March 2011 the Ministry of the Environment
made official the purchase of a total volume of 10 million AAUs (around 11.74% of
Estonian AAU balance) by Mitsubishi. As a result of the agreement, Estonia bought
507 iMiEV, which will be distributed for free to Estonian public administrations
providing social services (Tuisk, 2011). With the money received, the Government
will also be able to finance domestic and fast charge infrastructure and put in place
an extremely advantageous subsidy scheme for private, commercial and public
buyers.
With each grant comes the obligation to use only renewable energy in your electric
car for 5 years: the program, in fact, has to be environmentally friendly and the
current Estonian electricity mix is not really clean, although the use of EVs would
imply emissions similar to the current average of conventional cars in Estonia. The
use of renewable energy will be ensured by using green certificates (certificates of
origin): EV owners have to report the mileage annually to the Estonian Credit and
Export Guarantee Fund (KredEx) and submit the equal amount of green certificates.
[45]
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Figure 10. Estonian electro-mobility program analysis. Source: “The era of smart connected
electro-mobility in Europe”, University of Pavia, Alessandro Giordano. July 2012.

Some EU funded programmes and projects on electro-mobility
Several EU funded projects dealing with electro-mobility, mostly focussing on market
development and interoperability of charging systems and platforms, in order to
foster the development of a coordinated international infrastructure network
supporting electro-mobility take up at transnational level. Some of them are briefly
described here, as relevant initiatives enabling (directly or indirectly) cross border
development of electro-mobility:
Green eMotion
Green eMotion, coordinated by Siemens, is intended to ensure the fast-track success
of electric vehicles, and gained a lot of attention for the impressive funding from the
Commission (EUR 24M).
The Green eMotion project is part of the European Green Cars Initiative (EGCI) that
was launched within the context of the European Recovery Plan. It supports the
achievement of the EU’s ambitious climate goals, such as the reduction of CO2
emissions by 60 percent by the year 2050. EGCI supports the research and
development of road transport solutions that have the potential to achieve
sustainable as well as groundbreaking results in the use of renewable and nonpolluting energy sources.
The Green eMotion consortium consists of forty-three partners from industry, the
energy sector, electric vehicle manufacturers, and municipalities as well as
universities and research institutions. The primary goal of the project is to define
Europe-wide standards. The aim is to develop and demonstrate a commonly
accepted and user-friendly framework that combines interoperable and scalable
technical solutions with a sustainable business platform. For the implementation of
this framework, Green eMotion will take into account smart grid developments,
innovative ICT solutions, different types of EVs, as well as urban mobility concepts.
All the different aspects of an interoperable system of electromobility are being
studied. This includes research on organizational details as well as different types of
vehicles: electricity-powered passenger cars, buses, bikes, and hybrid vehicles.
Other practical aspects of electromobility are also being studied, such as the
possibility of recharging batteries safely anytime and anywhere with different types of
charging technologies and a telecommunications infrastructure that enables billing
and recharging anywhere in Europe.
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e-car Ireland
The Irish electro-mobility initiative, called “e-car Ireland” is being deployed at a
national level (and will be extended to Northern Ireland) and ESB ecars is the entity
responsible for implementing the charging infrastructure for electric vehicles across
the country. The system will have open accessibility for all electricity retailers once
finished the pilot phase and will be compatible with all types of electric cars, whose
charging is projected to happen mostly (80-90%) at home. ESB ecars developed also
an open application for charge stations location and aims to add more and more
services on top of its open architecture system. At January 2012, the network
comprised around 505 public charge points: 24 of which are fast charge stations;
while the remaining are installed in public, retail/service, commercial and home
locations. The plan is to complete the installation of 1.500 public charge points, 30
fast charge points and up to 2.000 home charge points (in line with car sales) by the
end of 2012; the network is expected to reach 6.000 CP by 2015. The targeted
objective is to have 250.000 EV (corresponding to 10% of the national fleet) and
25.000 public charge points by 2020. There are 43 partners from all over Europe
involved in the Green emotion project.

e-laad
The aim of the initiative is to create a nationwide network and install 10.000
public/semi-public charge points by 2013. E-laad aims to install 2.000 charge points
in high-profile locations across the Netherlands (with a special attention to fast
charger locations), with the remaining charge points installed at locations requested
by customers (Accenture, 2011).

MOBI.E.
The “green strategy” convinced Portugal to start its electro-mobility initiative in 2008
with the creation of the MOBI.E Program. The initiative is nationwide involving, for the
moment, 25 of the largest Portuguese municipalities. At present (April 2012) of the
planned 1.300 normal charging points (CP) in public roads and 50 fast CP in primary
roads and highways, 1.026 normal CP and 6 fast CP have been installed (all Efacec);
there are also around 300 electric vehicles on the road. The Program comprises a
number of different stakeholders, from public administrations to research centres,
and energy and IT companies. MOBI.E is a nationwide and integrated network with
the focus on users and opened to every vehicle manufacturer, energy retailer and
private operator. Differently from the majority of electro-mobility initiatives around the
world, it does not follow at Bottom-up approach, but on the contrary the project is
focused on users and holistically organized (Top-down approach) by a
comprehensive group of partners covering all aspects of the implementation: from
business model definition, to charging infrastructure implementation, to ICT platform
delivery. Just in Ireland and in the Netherlands (excluding Amsterdam) we can find a
similar approach.
The study of the European deployment project MOBI.Europe gathers all these
initiatives.
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In the following are listed projects partially funded under the ICT Policy Support
Programme (ICT PSP) as part of the Competitiveness and Innovation Framework
Programme by the European Community.

MOBI.Europe (http://www.mobieurope.eu/)
MOBI.Europe is an integration project, based on ICT systems, that aims at
guaranteeing interoperability of electro-mobility services across countries (roaming)
and the smart integration of electric vehicles into the transport and energy systems,
while targeting ease of users’ access to electro-mobility solutions.
MOBI.Europe will put users at the centre, providing them with universal access to an
interoperable charging infrastructure independent of the electricity provider and of the
region. The goal is: 1) to allow users to drive an electric vehicle (EV) across different
countries using compatible mobile applications and enjoying integrated services
associated with electro-mobility, such as car-sharing, reservation of charging points,
or services related to parking and 2) to promote and demonstrate energy efficiency in
mobility through smart charging and the seamless integration of electric vehicles with
the transport system.
The MOBI.Europe pilots will contribute to the standardisation and openness of the
electric vehicle ecosystem through a System of Systems (SoS) approach,
establishing open interfaces between them and allowing for the exchange of
information, setting the basis for a pan-European network of services associated with
electro-mobility, whilst respecting national and local differences.

Figure 11. MOBI.Europe project consortium. Source: “The era of smart connected electromobility in Europe”, University of Pavia, Alessandro Giordano. July 2012.

The MOBI.Europe project will use services and systems already implemented by the
local initiatives and provide interfaces to integrate them in a large-scale pilot. The
systems and the services explored will be:
End-user services. The project will provide mobile applications capable of operating
in both modes, online (connecting users with the electric-vehicle infrastructure and
other modes of transportation) and offline (allowing users to use it, for example, for
authentication and authorisation).
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A web portal and on-board navigation system will give valuable information to users,
providing charging points’ reservation capability and tools to monitor and assess the
environmental footprint associated with their mobility.
Smart charging, CO2 based management applications and integration of domestic
charge infrastructure with public chargers and home energy management system.
Mobility services: The mobility services piloted will be mainly electric car-sharing and
EV parking.

ICT 4 EVEU (http://www.ict4eveu.eu/)
The ICT4EVEU project aims to improve the services offered to public and private
electric vehicles users. The initiative intend to achieve this goal by implementing ICT
services that integrate the various management systems in operation within the
infrastructure/recharging stations, control centres and vehicles. The main services it
aims to develop include systems to allow users to book charging points n advance, to
integrate a variety of user payment methods; to create an interactive map of
recharging stations for drivers, to establish an interconnected network of recharging
stations and provide users with access to recharging data; to set up a an SMS
notification service and facilitate communication with energy suppliers. Users will be
able to access all of these services online from PC and smartphone. In terms of
technology the scheme aims to create an integrated network of recharging stations;
to integrate use of various devices (vehicles, laptops and smartphones) within the
network; to establish a general management system for vehicle recharging
infrastructure that includes charging-point monitoring and maintenance; to create a
suitable front-end for users; and to create a tool to verify each electric vehicle unique
ID.

MOLECULES (http://www.molecules-project.eu/)
MOLECULES aims to support and contribute to standards on electromobility, ITS
and grid. MOLECULES is a demonstration project, aiming to use ICT services to help
achieve a consistent, integrated uptake of Smart Connected Electromobility (SCE) in
the overall framework of an integrated, environmentally friendly, sustainable mobility
system.

SmartCEM: Smart Connected Electro Mobility (SmartCEM)
The smartCEM project aims to minimize the current EV limitations, by applying
advanced mobility services (EV-navigation, EV-efficient driving, EV-trip management,
EV-charging station management) to existing multimodal electro-mobility transport
modes. The combination of technology and electo-mobility aims to increase
awareness and standardize the use of electrical mode.
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7. REPORT on ICT: the enabling technology
Modern power distribution systems are undergoing fundamental paradigm change –
from consumption oriented towards production oriented model. This is dictated by
increasing trend of leaving nuclear power and on the other side expected massive
insertion of renewables.as well as massive deployment of electricity storages. Power
flows are expected to be bidirectional and a number of ‘prosumers’ is envisioned to
participate in energy market. In other words more and more energy will be inserted
directly at distribution level. In fact, the centralized system based on generationtransmission-distribution-consumption concept is evolving and ICT plays an
important role in this process. The transformation of the well-known concept into
decentralized system is shown in Figure 12.

Figure 12. Power distribution system transformation.

In order to answer challenges coming from such a scenario, more efficient
management of power distributed systems must be introduced – this concept
envisioned to enable such future development is called Smart Grid. It aims at
introducing intelligence in all aspects and at all levels of the systems. ICT place and
role in Smart Grids is presented in Figure 13.

Figure 13. ICT - place and role in modern power distribution systems.

ICT structures can be grouped in three layers. These include:
• Field devices - that represent front line to power lines, generators,
transformers and other electro-mechanic and physical elements of the grid.
These include Programmable Logic Controllers (PLCs); Remote Terminal
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•

•

Units (RTUs); Intelligent Electronic Devices (PLCs); Phasor Measurement
Units(PMUs) etc.
Communication infrastructure - that transfers right information in right time, in
a reliable and secure manner. These include: Data Concentrators; Mater Data
Management(MDM); Advanced Metering Infrastructure (AMI); etc.
Control center software applications - that manage monitoring and control of
the grid in an optimal way according to obtained parameters from the grid and
requirements from the market taking into account system stability and
reliability. These applications include: Load Management, Voltage/VAR
Control, Outage Management, Customer Information System, etc.

A description of an ICT architecture for a Virtual Power System (VPS) is represented
in Figure 14 which represents a relevant example of the above provided structure.

Figure 14. ICT infrastructure of VPS – general reference model.
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Electricity storages still do not represent widely widespread elements in power
distribution systems and moreover they are mostly not integrated in grid
management systems. They are usually used as BPS (Back-up Power Supply)
systems or more recently directly coupled with renewable generators. The most
advanced ICT structures for storage management can be found in EVs charging
management: so call Vehicle-to-Grid (V2G) concept.

7.1.

ICT for electricity storage management

Electrical storages represent entities which charging/discharging is directly actuated
by proper electro-mechanical devices. These devices in turn are usually controlled by
locally installed units that contain some logic, memory and communication properties
– commonly called Battery Management Systems (BMS). We can consider BMS as a
frontend of ICT structures for storage monitoring and control. BMS performs:
 Monitoring of the battery (e.g. State of Charge – SOC);
 Computation of charging modes and optimization of usage;
 Communication;
 Protection.
These devices are not standardized and remarkable efforts have been invested to
impose standards in this field resulting in IEC 62196 standard. The standard defines
electrical connectors and charging modes.
Direct storage management is rarely part of wider power distribution system
management that can be organized in centralized or distribute fashion. Nevertheless,
different kinds of monitoring and control systems such as SCADA may be applied to
electricity storage. From this point onwards storage management is integrated in
energy systems by means of control center applications in the standard way that is
implemented in specific country.

7.2.

ICT systems for smart charging and discharging of electric
vehicles – V2G

We are witnessing several important trends in modern power systems, before all we
would here stress on the fact that Hybrid plug-in Electrical vehicles and Electrical
Vehicles (PH)EVs are getting increasingly adopted. Accordingly, power systems
experience evolution in terms of adopting Smart Grids concepts based on insertion of
monitoring and control devices in almost all elements of the system, managed by
intelligent applications for large-scale distributed systems.
Researchers struggle to propose solutions for improvement of grid management and
maintenance; better energy efficiency through improved interaction with endconsumers (i.e. Demand Side Management); smart/virtual metering solutions for
novel business model support, as well as for integration of DERs and (PH)EVs.
Intermittency of renewable generation and unregulated ultra-fast charging of
(PH)EVs can significantly increase indeterminism in power systems threatening its’
stability at local and regional level. Many novel strategies recently appeared to
prevent grid disturbance and preserve overall power systems balance both in terms
of baseload power and ancillary services.
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Concepts like Virtual Power Plants/Systems [74][75] are introduced as an attempt to
overcome problems of integration of heterogeneous distributed energy resources
(DER) in technical and commercial terms.
Studies show that in case of massive deployment and unregulated charging,
(PH)EVs may significantly impact grid stability [68][69]. Therefore, Vehicle-to-Grid
(V2G) concept has been introduced to enable seamless large-scale integration of
(PH)EVs from technical [70][71] but also considered from commercial aspect [72][73].
In general all the approaches to smart integration of (PH)EVs that are proposed so
far, can be classified in two types:
•

Decentralized concept – in which each individual (PH)EV optimizes own
charging according to information form market [76][79].

•

Introduction of centralized aggregator – as an intermediate layer between the
end-user and SmartGrid, that offers optimized charging services to all the
(PH)EVs involved in the aggregation [78][80].

Nevertheless, having remarkable electrical storing capacities coupled with possibility
for ultrafast charging already well-researched and commercially available [18][19],
aggregations of (PH)EVs are considered as possible as more flexible ‘buffers’ for
power systems. Such premise considers not only coordinated charging/discharging in
terms of bulk energy trade but also in terms of ancillary services (as voltage and
frequency regulation, system reserves, etc.). Several power markets might be
relevant for V2G but studies have shown that spinning reserves, regulations (i.e.
voltage and frequency) and storage for renewable generation represent the most
promising ones.

7.2.1.

Related research projects

FP7 project ELVIRE [81] aims at the developing of an interactive electric energy ICT
& Service interface between the electric vehicle and its electricity infrastructure as
well as at creating effective business models. IBM research lab in Zurich has
launched the project EDISON [82] with a purpose to supply electrical balancing
power for wind-generated electricity through the use of electrical vehicles (EV) and
their accumulators (on the small Danish island of Bornholm, a coalition of
government, academia and industry are working on an innovative pilot). Google has
started its own initiative RechargeIT [83] for promotion of (PH)EV, demonstration
fleet of plug-ins at our headquarters in Mountain View and make publicly available
the statistics on the performance of those cars.
A comprehensive project ‘The Vehicle to Grid (V2G) project’ has been rolled out in
Australia [85]. V2G technologies have been also seriously considered in US from
different aspects as for instance - A Multi-Scale Design and Control Framework for
Dynamically Coupled Sustainable and Resilient Infrastructures, with Application to
Vehicle-to-Grid Integration [86][87]
In Switzerland, ‘Living & Mobility’ project by Luzerne University of Applied Sciences is
concentrated on coupling decentralized power generation with consumption/storing
potentials of buildings and light weight hybrid electric vehicle [88]. In Germany,
project Irene [89] has been implemented.

Page 69 of 84
898989

Alpine Space Programme

8. General Conclusion: Cross Border perspective
There are two primary characteristics of the electrical power system that generate
technical and market needs and need for development of energy storage
technologies. First is that the locations where electricity is generated are in traditional
system far from the locations where it is consumed. Generators and consumers are
connected through power grids and form a power system. In function of the locations
and the quantities of power supply and demand, much power flow may happen to be
concentrated into a specific transmission line and this may cause congestion.
The second characteristic is that electricity is consumed at the same time as it is
generated. The proper amount of electricity must always be provided to meet the
varying demand. An imbalance between supply and demand will damage the stability
and quality of the power supply even when it does not lead to complete black-out or
interruptions. Traditional power system has mechanisms to balance the supply and
the consumptions, e.g. primary and secondary control, but they were not designed
for large shares of DER generation, where power flows are no longer one way (from
large generation centres to distribution system), but can change directions. This can
cause problems with the operation of power system and calls for innovative solutions,
such as storage technologies and cross border cooperation [90].

8.1.1.

Technological development:

As discussed above, in future energy system, energy storage will play an essential
role. Looking big scale, today‘s electricity storage is almost exclusively pumped
hydro, which represents over 99 % of total storage capacity (see figure below). In
several countries around the world engineers are conducting pilot testing of other
technologies as well, but it is likely that a wider deployment of storage technologies
will begin with the second phase of the transition to the Smart Grids.
Below a short overview of the current status of the technology development and its
implementation is given. Best storage technology candidates for near future
development are according to [61]:
 PHS seasonal storage: used for secondary reserve,
 CAES wind-remote areas: seasonal storage, tertiary reserve,
 Hydrogen very large-scale storage in isolated systems with expensive grid
extension,
 NaS medium-scale storage, long daily cycles,
 Power to Gas seasonal storage, large-scale storage.
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Pumped Hydro 127000 MW
Compressed Air 440 MW
Sodium-Sulfur Battery 316 MW
Lead-Acid Battery 35 MW
Nickel-Cadmium Battery 27 MW
Flywheels < 25 MW
Lithium-Ion Battery 20 MW
Redox-Flow Battery < 3 MW
Figure 15 Current World Electric Energy Storage Capacity (src: EPRI 2012).
Table 7. Installed electricity storage technologies in EU [56], [57], [58], [59].

Technology
PHS
CAES
NaS battery
Pb-acid battery
Lithium-ion battery
Redox Flow battery

Installed Capacity [MW]
45600
290
few
20-30
20
1

Table 8. Installed electricity storage technologies in US [56], [57], [58], [59].

Technology
PHS
CAES
Flywheels
Thermal peak shaving
Lithium-ion batteries
Ni-Cd batteries
NaS batteries
Other (flow,
lead-acid batteries)

Installed Capacity [MW]
22000
115
28
1000
54
26
18
10

Table 9. Installed electricity storage technologies in JAPAN [56], [57], [58], [59].

Technology
PHS
CAES
NaS batteries

Installed Capacity [MW]
25500
270
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Figure 16 Technical maturity of different technologies [60], [61].

A summary review of currently most promising technologies is reported below [62]:
 PHS
Basic principle: to store energy by means of two reservoirs located at different
elevations.
Installed Capacity in Europe: ~ 45 GW.
 Planned/ on-going projects by 2020 ~ 7 GW (CH, PT, AT, ES, DE, SI).
 Upgrading old plants + optimizing turbine/ pump system (CH, AT, ES).
 Transformation of standalone reservoirs into PHS.
 Norway potential 10-25 GW (driven by large deployment of wind power in the
North Sea).
 CAES
Basic principle: to store energy mechanically by compressing the air from the
atmosphere, in e.g. underground caverns.
Worldwide capacities: 320 MW (Germany), 110 MW (USA).
Projects: USA, Italy, Japan, South Africa, Israel, Morocco, Korea.
Developments in Europe
 Underground caverns potential: DE, DK, ES, FR, NL, PT, UK
 R&D Adiabatic CAES: ADELE project (DE).
Research fields:
 Identification of new locations: in vessels or above ground (SSCAES)
 Adiabatic CAES (AA-CAES): demo; lower the cost.
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Isothermal compression (thermo-dynamically reversible cycle, theoretical
efficiency of 100%): demo; lower the cost.

 Hydrogen
Basic principle: to produce hydrogen using electricity via reversible water electrolysis.
H2 is stored and transformed back into electricity by means of a fuel cell or a
combustion turbine.
Demo Projects: Norway (Utsira Island), UK (Unst, Shetland Islands), Denmark
(Nakskov), Greece (Keratea); Spain (Galicia; Aragón), etc.
Research fields: lower the cost; increase the efficiency; scale-up electrolysers;
increase
the fuel cell durability and lifetime.
Synergies: transport
 Advanced batteries: NaS
Basic principle: molten sulphur (anode) + molten sodium at the cathode, and a solid
betaalumina electrolyte membrane which allows the battery to function without selfdischarge.
Worldwide: market is expected to grow from the current 440 MW (mainly Japan) to
more than 1 GW by 2020; single manufacturer
Demo Projects: Germany (Berlin-Adlershof), Spain (Gran Canaria), France (Reunion
Islands)
Research fields: beta-alumina membrane; new electrolytes; reduce corrosion risks of
container materials.
 Power to Gas Technology
Basic principle:
 “Power to Gas” is the name given to an energy process and storage
technology which allows electricity to be held in reserve in the megawatt
range.
 Storing electricity which cannot be fed into the grid in the form of sustainable
natural gas.
Pros and Cons:
+ Clean sustainable way of storing energy
+ Capable of storing huge amounts of energy
+ Capable of storing energy for several days, even months
― Very low efficiency (up to 50 percent)
― Requires a good constructed natural gas grid

8.1.2.

Possible applications of cross border energy storing (standard
electricity storage, electric vehicles etc.)

As introduced in the report, energy storage can be integrated at different levels of the
electricity system:
 ƒGeneration level: Arbitrage, balancing and reserve power , etc.
 ƒTransmission level: frequency control, investment deferral
 ƒDistribution level: voltage control, capacity support, etc.
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ƒCustomer level: peak shaving, time of use cost management, etc.

These different locations in the power system will involve different stakeholders and
will have an impact on the type of services to be provided. Each location will provide
a specific share of deregulated and regulated income streams.
Different energy storage systems will have to be considered (centralised and
decentralised) and specific business models will have to be identified.
A localisation map will help to define the possible needs for regulatory change and
incentives.
It is important to ensure that electricity from RES keeps its RES label, even if it has
been stored before the final consumption. Possible feed in tariffs should not be
affected by intermediate storage. Only the share of renewables at the point of
pumping should qualify as renewable electricity [54].
Concerning the cross-border implementation of sustainable mobility (electric
vehicles, EVs) projects clearly results a need for a standardization of both technical
and management aspects. EVs may have various characteristics and performances
in order to adapt to all contexts. In fact, within the Alpine Space, different
geographical territories, traffic and tourism patterns, will require a variety of vehicles
for dimensions, transport capacity, autonomy, etc.
The vehicles fleets will play a role as energy storage for the network and more
specifically they will contribute to the smoothing of electric dynamics of the low
tension nodes, independently of their position on the territory; while the influence on
the medium and high voltage nodes will be minor and could be considered negligible.
In fact, currently, the total energy stored in a EV is some orders of magnitude lower
compared to the total energy exchanged between countries. It must be remembered
that, in an electric vehicle, is stored energy of 10 kWh order. So for a fleet of 1000
vehicles the energy stored is about 10 MWh. The same energy can be commonly
found in 20 conventional vehicles (or 5 truck), in form of chemical energy stored in
the on board fuel. The vehicles will have to share the same infrastructure for charging
and, if connected to the grid, to provide the onboard energy storage in function of the
recharging constraints imposed by the user. So a standard for the electrical
connectors should be defined and applied among countries, while the maximum
tension and current supplied from the centre of reloading are not tightly bound.
An on-board intelligence that can automatically recognize the type of electrical output
made available for energy supply would be a very interesting feature to be fitted to
the vehicles. The on-board charger, using the information provided by the control
unit, will supply the proper voltage and current as a function of available output. In
this case the cost the more sophisticated components on board will save the cost of
the infrastructure standardization among countries. The chargers with their own
hardware and software systems are already industrially available at a low cost.
It can be reasonable assumed that in the future the voltage of the vehicles battery
should be greater than 48 V, which today represents the standard solution.
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Nowadays the 48 V is widely used because it guarantees legislative, and therefore
constructive, streamlining. The low voltages, however, create limits on the installable
powers, it makes necessary conductors of larger cross-section and thus generate an
increasing of weight and cost. The adoption of a higher voltage had already been
implemented by the automotive manufacturers that, for hybrid models, typically use
several hundred voltages, as well as the voltages commonly used in the civilian
sector (220 and 380 V). The standards should allow the adoption of valid technical
solutions without creating constraints and containing the final costs.
From a logistical point of view it will be necessary the generation of an ICT protocol
for the fleet monitoring. The control will operate by remote and will acquire real time
data on the conditions of each vehicle (usage, charge level, ecc...) as well as their
position. All of this can be achieved via the cellular network and thanks to discounted
tariffs in roaming. The organization of the recharge payments will provide for the use
of vehicles abroad with simple tariffs and a direct debit on the customer’s bill.

8.1.3.

Other technical cross border issues

Power system is a large synchronously operating system that links together several
countries, including countries of the Alpine Space. The consequences of a largescale event in the power system (e.g. outage of an important power line) are very
rarely limited to a single country, but are felt also by other countries. Bellow some
technical issues are listed that were not mentioned jet, which all have cross-border
relevance.
 Peak Shaving
Power demand is constantly changing, causing also the price of electricity to change
accordingly – during high demand the price is higher and vice versa, when demand is
lower also the price is lower. Generation units in the network must of course adapt to
these changes. Two types of power plants are known. First are so called base-load
power plants that are large units (typically coal-fired or nuclear), which cannot follow
daily load variations, and the second are flexible gas or water turbines, which on the
other hand are not so cost effective. Storage technologies will introduce new option
for more cost-effective operation of the generation units by storing energy produced
from “low-cost” power plants during off-peak periods and supplying during peak
periods. This principle is already used nowadays by HPP.
In some regions this “low-cost”, surplus energy is available from renewable energy
sources, such as wind and sun. As one knows, wind is not always available during
high demand and in some regions surpluses of energy can occur quite often (North
Germany). This energy could be stored to reduce the overall price of power
generation. Consumers who charge batteries during off-peak hours may also sell the
electricity to utilities or to other consumers during peak hours [90].
Second potential possibility of using storage technology to cope with the variation of
the power demand is to fill the gap between the ramping down time of wind and solar
power plants and the ramping up time of reserve (gas) plants. Energy demand is
always forecasted, thus peaks and troughs in demand are often anticipated and
properly addressed by increasing, or decreasing generation. In future, unpredictable
RES will make it more difficult to vary the output, and rises in demand will not
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necessarily correspond to rises in RES generation. Energy storage will be required
for grid flexibility and grid stability and to cope with the increasing use of wind and
solar electricity.
Today, modern fossil fuel based power plants – especially natural gas combined
cycles – are becoming more and more flexible. Their ramping up speed in response
to rapid changes in demand is increasing, so they can provide reliable and flexible
back-up power. In the short term, electricity storage needs to fill the gap between the
ramping down time of wind and solar and the ramping up time of these back-up
plants [91].
Some demand for storage, or seasonal variations in demand, can be covered by
natural gas storage. Europe has an average gas storage capacity of some 51 day.
Gas is an important fuel for electricity production and natural gas power plants have
a very high efficiency, a very high flexibility and low CO2 emissions [91].
 Black Start Support
After complete power outage or islanding situation, power network must be able to
reenergize the system, synchronize to other parts of the system and start generation
units without the support of an external power source. This procedure is named black
start. Very few power plants (the ones with low start-up energy needs) are capable of
black start. Larger energy storage units could offer some support during start-up
procedure, since they are perfectly suited for such a service [55].
 Power Quality
Electricity is one of the most important services today. With the opening of the energy
market, electricity has become a commodity. Customers request reliability in terms of
uninterrupted power supply, adequate voltage quality and reasonable price. Network
user expects to be able to use the distribution network when needed, the quality to
be defined in a transparent and efficient manner so that all the user's devices operate
safely and properly.
Inadequate supply of electricity, which includes commercial quality, continuity of
supply and voltage quality can lead to significant energy losses, interruptions of
industrial processes, failure of a service activity or even damage the equipment. All
this may have significant financial implications.
Given that the electricity is a market good, it can be offered with different levels of
quality. Interest on different levels exists, and so does the technology that allows
different levels of quality.
Voltage amplitude and its frequency are two parameters of power quality that need to
be maintained within certain tolerances. Electrical energy storage can provide
frequency control functions, while the voltage is generally controlled by taps of
transformers, and reactive power compensation. Storage units located at the end of a
heavily loaded line may improve voltage drops by discharging electricity and reduce
voltage rises by charging electricity [90].
 Islanded Operation
Under the current practice, sources connected to the distribution networks are
supplying the network with a maximum available real power; reactive power is
usually regulated to zero. In isolated operation, it is essential that a large part of the
available resources are involved in regulation of the voltage and frequency, and that
the power output is adjusted to the conditions in the network. Also the load will have
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to provide a certain degree of flexibility, i.e. to switch off from the network or to
reduce the power. Use of energy storage systems will be crucial to balance the
power production and the consumption.
 Relieving Overload
Relieving the network is a system service that prevents the overloads and outages of
the power system. At the onset of the load which could endanger the safe operation,
releasing the load of the network is carried out by refusing access to the network,
reducing the already granted access and, if necessary, reducing or increasing
production and limiting consumption. Large energy storage system could offer
support during excessive load periods (ELES 2013).
 Management of RES
As it has already been mentioned DER generation affects the power flow in the
network. This can pose a problem especially in the case of a large number of DER
units, when power flows can exceed the limits for which the network has been built.
Such problems can be solved by grid reinforcements, active management of
generation resources, as well as power management. Power management on the
load side or the demand side management (DMS - Demand Side Management) can
affect the flow of power and, consequently, for example the voltage conditions. DMS
could be under Smart Grids organized similar to the management of generation
resources. In this respect, also energy storage technology will play an important role.
Management of loads and electrical energy storage will play an important role
especially under isolated operation, where it is necessary to ensure a balance
between production and consumption.
 Primary, Secondary and Tertiary Control
Mains frequency is very time dynamic variable. Any imbalance between electric
power generation and consumption in real time results in a frequency change within
the synchronous area. Frequency regulation is implemented as primary and
secondary. Frequency regulation is carried out by varying the output power of the
appropriately equipped power plants. A certain amount of output power (control
reserve) of these power plants needs to be reserved in advance. In the first seconds
after the onset of power imbalance the UCTE system provide mutual solidarity aid.
This process is called primary frequency control and is fully automatic.
Secondary control is an automatic process that automatically sends commands to
change the output power of the power plants. It is intended to cover short-term
deviations from the agreed timetable in an international exchange of electricity and
eliminating prolonged frequency deviations.
Tertiary and minute reserve is intended to be released regulating the amount of
secondary regulation and replace electricity from foregone production units. Required
size of the reserve for tertiary control power is equal to the largest production unit
less the secondary reserve (ELES 2013).
Since primary control reserve has to be capable of being activated within seconds,
normally large energy storage units cannot be applied unless they are specifically
designed for fast activation times. On the other hand, large storage units are perfectly
suitable for secondary and tertiary control reserves. Due to increasing shares of RES
generation, the prices for control reserves, especially the energy prices for negative
tertiary control, have been increasing in recent years [55].
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Frequency (i.e. istantaneous balance between load and generation) is the parameter
of an interconnected electricity transmission and distribution system that has the
largest cross-border impact [63]. The interconnected system of Continental Europe
extends from Portugal to Poland and from Denmark to Turkey, and feeds a load
between 220 and 440 GW [64]. This large system is operated in a synchronous way,
meaning that, when we neglect phenomena with time constant smaller than a few
seconds, the frequency is identical everywhere.
In the last decade, the penetration of distributed energy sources has increased
significantly. Mostly of the renewable type, these generating units are connected to
distribution systems and have been subjected to connection requirements compliant
with the historical planning and operating principles of distribution systems, which
were designed for passive loads. In areas of distribution grids with increased amount
of dispersed generation capacity, certain electrical faults cannot be managed by the
existing protection schemes in a sufficient manner leading to islanding and undefined
system conditions. As people safety is a major concern, the detection of the loss of
connection to the main network (loss-of-mains detection) is crucial. Loss-of-mains
detection is often performed through the measurement of frequency deviations and
triggers generation disconnection to avoid keeping energized isolated networks.
However, if applied simultaneously to a large number of units, unique frequency
thresholds can jeopardize the security of the whole interconnected system in case of
frequency deviations. Moreover, the rate of change of frequency depends on the
inherent inertia of the electricity supply system, which decreases with the increasing
of the synchronous generators connected to the grid; consequently larger sudden
frequency deviations occur in case of load imbalances. If load imbalances are not
removed and frequency deviations increase, masses of power generating modules
will disconnect due to frequency, which is out of the range of their design for
operation.
Therefore, with the increasing penetration of RESs, the management of the
connection to the network of distributed power plants on MV and LV grids assumed a
rising importance: their sudden disconnection during perturbances involving the HV
system can result in a deterioration of system stability and security.
To address these problems, ENTSO-E (the European Network of Transmission
System Operators for Electricity) encouraged the national Energy Regulators to
facilitate the timely implementation of remedial actions. To this purpose, a Network
Code definying a common framework of grid connection requirements for power
generating facilities has been defined [65]. The Netwok Code applies to new and
existing power generating modules in Member States, according to the provisions
decided by the National Regulatory Authority of the Member State.
In detail, the power plants are required to ensure at least the minimum requirements
reported in Table 10, in terms frequency perturbance during which they must remain
connected to the grid (more challenging features are required to large sized power
plants, e.g. greater than 1 MW).
In Italy, selected here as a significant/advanced example, to satisfy the requirements
in terms of insensitivity to frequency perturbances, and also to avoid the possibility of
unintentional island operation of DG power plants, the Italian Electrotechnical
Committee (CEI) has recently defined special requirements for DG connected to
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distribution networks (standards CEI 0-16 [12] and CEI 0-21 [13], Annex A.70 to the
national Grid Code [15].
Frequency Range
47.5 Hz – 48.5 Hz
48.5 Hz – 49.0 Hz
49.0 Hz – 51.0 Hz
51.0 Hz – 51.5 Hz

Time period for operation
To be define by each TSO, but not less than
30 minutes
To be define by each TSO, but not less than
47.5 Hz – 48.5 Hz
Unlimited
30 minutes

Table 10. Minimum time periods for which a power generating module shall be capable of
operating for different frequencies deviating from a nominal value without disconnecting from
the network [65].

The technical rules require to the Interface Protection Relays (IPRs) equipping DG
plants to operate with two different sets of frequency windows: narrow and wide
(Figure 4). During perturbances on the transmission system, characterized by
frequency and/or slow voltage variations, the wide frequency thresholds remain
active (47.5 - 51.5 Hz). In case of local fault (short-circuit or earth fault in the MV
network), the narrow window (from 49.8 to 50.2 Hz) is enabled by a voltage relay
(analyzing the direct, inverse and homopolar sequences) or through an external
signal. Moreover, a tripping message can be sent from remote to the IPR (transfer
trip), allowing, in cases where a communication channel between user and DSO is
available, the full coordination between the protection systems.

Figure 17. IPR logic proposed in the standard CEI 0-16.
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In addition to the advances in the management of the IPRs of Dispersed Generators,
the Network Code proposed by ENTSO-E defined a further set of requirements for
power plants connected to transmission and distributions networks. For example,
power generators shall be capable of activating the provision of active power
frequency response according to Figure 18 at a frequency threshold between and
including 50.2 Hz and 50.5 Hz with a droop in a range of 2 – 12%.
In Figure 18, the active power frequency response capability of power generating
modules in LFSM-O (Limited Frequency Sensitive Mode – Overfrequency; that is the
operating mode of a power generating module which will result in active power output
reduction in response to a change in system frequency above a certain value) is
shown. Pref is the reference active power to which P is related. P is the change in
active power output from the power generating module. f n is the nominal frequency
(50 Hz) in the network and f is the frequency change in the network. At
overfrequencies where f is above f1 the power generating module has to provide a
negative active power output change according to the droop S2.

Figure 18. Active power frequency response capability of power generating modules in LFSMO [65].

Page 80 of 84
898989

Alpine Space Programme

9. Bibliography
[1] EnergyLab, “Smart Grid. Le reti elettriche di domani.”, Gruppo Italia Energia (GIE
edizioni), 2011.
[2] European SmartGrids Technology Platform, “Strategic deployment document for
Europe’s Electricity Networks of the Future – final version”, 20 April 2010.
[3] European Regulators’ Group for Electricity and Gas, “Position Paper on Smart Grids, an
ERGEG public consultation paper”, 10 December 2009.
[4] European Commission – Enterprise and Industry Directorate-General, “Standardisation
mandate M/441 to CEN, CENELEC and ETSI in the field of measuring instruments for
the development of an open architecture for utility meters involving communication
protocols enabling interoperability”, 12 March 2009.
[5] EU Commission Task Force for Smart Grids Expert Group 1, “Functionalities of smart
grids and smart meters. Final Deliverable.”, June 2010.
[6] GTM research, http://www.greentechmedia.com, 2013.
[7] Directive 2006/32/EC of the European Parliament and of the council, of 5 April 2006 on
energy end-use efficiency and energy services and repealing Council Directive
93/76/EEC.
[8] Directive 2009/72/EC of the European Parliament and of the council, of 13 July 2009,
concerning common rules for the internal market in electricity and repealing Directive
2003/54/EC.
[9] Directive 2009/73/EC of the European Parliament and of the council, of 13 July 2009,
concerning common rules for the internal market in natural gas and repealing Directive
2003/55/EC.
[10] Terna, Annex A.72 to the transmission Grid Code, “Procedura per la riduzione della
generazione distribuita in condizioni di emergenza sul sistema elettrica nazionale”, July
2012.
[11] AEEG, Resolution 281/2012/R/efr “Revisione del servizio di dispacciamento dell’energia
elettrica per le unità di produzione di energia elettrica alimentate da fonti rinnovabili non
programmabili”, 5 July 2012.
[12] CEI, Standard CEI 0-16 “Reference technical rules for the connection of active and
passive consumers to the HV and MV electrical networks of distribution Company”, III
ed., December 2012.
[13] CEI, Standard CEI 0-21 “Reference technical rules for the connection of active and
passive users to the LV electrical Utilities”, II ed., June 2012.
[14] AEEG, Resolution 84/2012/R/eel “Interventi urgenti relativi agli impianti di produzione di
energia elettrica, con particolare riferimento alla generazione distribuita, per garantire la
sicurezza del sistema elettrico nazionale”, 8 March 2012.
[15] Terna, Annex A.70 to the transmission Grid Code, “Regolazione tecnica dei requisiti di
sistema della generazione distribuita”, March 2012.
[16] EU Commission Task Force for Smart Grids – Expert Group 1, “Functionalities of smart
grids and smart meters. Final Deliverable for Steering Committee on 2010 June 22nd”,
December 2010.
[17] http://ec.europa.eu/energy/infrastructure/doc/energy-storage/2013/energy_storage.pdf
[18] Daiwa Capital Markets, “Energy Storage Toolkit: making the right connections”, February
2012.
[19] D. Linden, T. B. Reddy, “Linden’s Handbook of Batteries”, McGraw Hill Professional, 15
May 2010.

Page 81 of 84
898989

Alpine Space Programme
[20] EPRI, “Electricity Energy Storage Technology Options: a White Paper Primer on
Applications, Costs, and Benefits”, December 2010.
[21] Electricity Storage Association – ESA, http://www.electricitystorage.org, 2013.
[22] RSEview, “L’accumulo di energia elettrica”, il Melograno editore, Milan, November 2011.
[23] NGK Insulators ltd., http://www.ngk.co.jp, 2013.
[24] D. Trickett, “Current Status of Health and Safety Issues of Sodium/Metal Chloride
(Zebra) Batteries”, National Renewable Energy Laboratory, Colorado, November 1998.
[25] R. M. Dell and D. A. J. Rand, “Energy storage- a key technology for global energy
sustainability”, Journal of power sources 100, 2001.
[26] S. Dunn “Hydrogen futures: Towards a sustainable energy system”, International Journal
of Hydrogen Energy 27, 2002.
[27] California Energy Commission “An assessment of battery and hydrogen energy storage
systems integrated with wind energy resources in California” 2005.
[28] W. Kemptom, J. Tomic “Vehicle to grid power fundamentals: calculating capacity and net
revenue”, Journal of power sources 151, 2005.
[29] UNEP “Hydrogen Economy a non-technical review”, 2006.
[30] BACAS “Hydrogen as an energy carrier”, Belgium 2006.
[31] P. Edwards, Superegn Consortium “Hydrogen and fuel cells : Towards a sustainable
energy future” , REPEC UK, 2008.
[32] PSO-F&U “Pre-investigation of water electrolysis”, Norway, 2008.
[33] Susan Schoenung “Economic analysis of Large Scale Hydrogen storage for renewable
utility applications”, Sandia Report, California 2011.
[34] ERP tech. report “The future role for energy storage in the UK”, 2011.
[35] R. Friedland, “Creating a sustainable business in Hydrogen and Fuel Cell Market”,
WHEC 2012.
[36] Eurelectric, “Decentralised Storage: Impact on future distribution grids”, A Eurelectric
report, June 2012.
[37] Directive 2009/72/EC of the European Parliament and of the council, of 13 July 2009,
concerning common rules for the internal market in electricity and repealing Directive
2003/54/EC.
[38] E-mobility in Germany: “White hope for a sustainable development or Fig leaf for
particular interests?”, 2012.
[39] Fraunhofer ISI, (Christian Lerch, Fabian Kley, David Dallinger), 2010, New business
models for electric cars – a holistic approach.
[40] Eureletric – Eletricity for Europe, July 2013, Deploying publicly accessible charging
infrastructure for electric vehicles: how to organise the market?.
[41] JRC IET, DG ENER (Giordano V. et al.), 2012, Guidelines for conducting a cost-benefit
analysis of Smart Grid projects, JRC reference reports.
[42] ICF International and Ecologic Institute, Impacts of Electric Vehicles (Deliverable 1),
April 2011, An overview of Electric Vehicles on the market and in development.
[43] ICF International and Ecologic Institute, Impacts of Electric Vehicles (Deliverable 2),
April 2011, Assessment of electric vehicle and battery technology.
[44] ICF International and Ecologic Institute, Impacts of Electric Vehicles (Deliverable 3),
April 2011, Assessment of the future electricity sector.
[45] University of Pavia (Alessandro Giordano), July 2012, The Era of Smart Connected
Electro-Mobility in Europe.
[46] EnergyLab (Morris Brenna, Silvia Celaschi, Federica Foiadelli, Iva Gianinoni, Dario
Zaninelli), 2010, Introduction of electric vehicles in the electrical system.

Page 82 of 84
898989

Alpine Space Programme

[47] EPRI (Faruqui A., Hledik R.), 2010, Methodological approach for estimating the benefits
and costs of smart grid demonstration projects
[48] EPRI, 2010, Electricity Energy Storage Technology Options - A White Paper Primer on
Applications, Costs, and Benefits
[49] SANDIA (Eyer J., Garth C.), 2010, Energy Storage for the Electricity Grid: Benefits and
Market Potential Assessment Guide - A Study for the DOE Energy Storage Systems
Program, 2010.
[50] Boeri, T. (1990), Beyond the Rule of Thumb – Methods for Evaluating Public Investment
Projects, Boulder, Westview Press.
[51] Dasgupta, A., Pearce, D.W. (1972), Cost-Benefit Analysis: Theory and Practice, Londra,
MacMillan.
[52] Gramlich E.M. (1990), A Guide to Cost-Benefit Analysis. Prentice-Hall, Englewood Cliffs,
NJ.
[53] IEC White Paper, Electrical energy storage, December 2011
[54] EC, Directorate for Energy, DG ENER Working Paper, The future role and challenge of
Energy Storage
[55] Project SoteRE: The Role of Bulk Energy Storage in Facilitating Renewable Energy
Expansion
[56] Prestat (2011)
[57] DOE (2012)
[58] Electric Storage Association (2010)
[59] Electricity Advisory Committee (2011)
[60] JRC (2011)
[61] Electricity Storage: How to Facilitate its Deployment and Operation in the EU, THINK
2012 (http://think.eui.eu)
[62] http://www.jrc.ec.europa.eu/, Stathis Peteves: Power Storage options to integrate
renewables, European Commission, DG Joint Research Centre, Institute for Energy and
Transport, http://www.zero-carbon-energy.com
[63] ENTSO-E, “Network code for requirements for grid connection applicable to all
generators. Justification outlines 26 June 2012”.
[64] ENTSO-E, “Dispersed Generation impact on CE region – Security dynamic study – Final
report”, 22 March 2013
[65] ENTSO-E, “Network Code for Requirements for Grid Connection Applicable to all
Generators”, 26 June 2012.
[66] L. Pieltain Fernandez, T. Gomez San Roman, R. Cossent, C. M. Domingo, and P. Frias,
“Assessment of the impact of plug-in electric vehicles on distribution networks,” IEEE
Trans. Power Syst.,(Vol. 26, Issue 1) p.p.206-213, Feb. 2011
[67] K. Clement-Nyns, E. Haesen, and J. Driesen, “The impact of charging plug-in hybrid
electric vehicles on a residential distribution grid,” IEEE Trans. Power Syst., vol. 25, no.
1, pp. 371–380, 2010.
[68] A. Hajimiragha, C. A. Cañizares, M. W. Fowler, and A. Elkamel, “Optimal transition to
plug-in hybrid electric vehicles in Ontario, Canada, considering the electricity-grid
limitations,” IEEE Trans. Ind. Electron., vol. 57, no. 2, pp. 690–701, Feb. 2010.
[69] A. N. Brooks, Vehicle-to-Grid Demonstration Project: Grid Regulation Ancillary
ServiceWith a Battery Electric Vehicle AC Propulsion, Inc., 2002.
[70] W. Kempton and J. Tomic, “Vehicle-to-grid power implementation: From stabilizing the
grid to supporting large-scale renewable energy,” J. Power Sources, vol. 144, no. 1, pp.
280–294, Jun. 2005.

Page 83 of 84
898989

Alpine Space Programme
[71] A. Y. Saber and G. K. Venayagamoorthy, “Plug-in vehicles and renewable energy
sources for cost and emission reductions,” IEEE Trans. Ind. Electron., 2010.
[72] W. Kempton and J. Tomic, “Vehicle-to-grid power fundamentals: Calculating capacity
and net revenue,” J. Power Sources, vol. 144, no. 1, pp. 268–279, Jun. 2005.
[73] I. Bel, A. Velenti, J. Maire, J. M. Corera, and P. Lang. Innovative operation with
aggregated distributed generation. In 15th Power Systems Computation Conference
PSCC, Wien, 2007.
[74] D. Pudjianto, C. Ramsay, and G. Strbac, “Virtual power plant and system integration of
distributed energy resources,” Renewable Power Generation, IET, vol. 1, no. 1, pp. 10–
16, March 2007.
[75] S. Lukovic, I. Kaitovic, M. Mura and U. Bondi, "Virtual Power Plant as a bridge between
Distributed Energy Resources and Smart Grid", In Proceedings of 43th Annual Hawaii
International Conference on System Sciences (HICSS'43), pp.1-8, 2010, Kauai,
Hawaii/USA
[76] E, Sortomme, M.A. El-Sharkawi, Optimal Charging Strategies for Unidirectional
Vehicleto-Grid, Smart Grid, IEEE Transactions on, 2011
[77] E. Sortomme, M. M. Hindi, S. D. J. MacPherson, S. S . Venkat,, Coordinated Charging
of Plug-In Hybrid Electric Vehicles to Minimize Distribution System Losses, Smart Grid,
IEEE Transactions on, 2010
[78] S. Han, S. Han, and K. Sezaki, “Development of an optimal vehicle-to-grid aggregator
for frequency regulation,” IEEE Trans. Smart Grid, vol. 1, no. 1, pp. 65–72, 2010.
[79] Z. Ma, D. Callaway, and I. A. Hiskens, “Decentralized charging control for large
populations of plug-in electric vehicles,” in Proceedings of the IEEE Conference on
Decision and Control, Atlanta, GA, 15-17 December 2010
[80] O. Sundström, C. Binding "Charging service elements for an electric vehicle charging
service provider", In Proceedings of the IEEE Power & Energy Society General Meeting,
Detroit, MI, 24-29 July 2011. Accepted for publication.
[81] http://www.elvire-project.org
[82] http://www.zurich.ibm.com/edison/
[83] http://www.google.org/recharge/
[84] http://www.edison-net.dk/)
[85] http://www.v2g.com.au/project.html
[86] http://www.udel.edu/V2G/
[87] http://css.snre.umich.edu/project/efri-resin-final-project-summary-multi-scale-designandcontrol-framework-dynamically-couple
[88] http://www.hslu.ch/t-73_iamf_genf_2009.pdf
[89] http://www.projekt-irene.de/grobritannien-uk/
[90] http://www.iec.ch/whitepaper/pdf/iecWP-energystorage-LR-en.pdf
[91] http://ec.europa.eu/energy/infrastructure/doc/energy-storage/2013/energy_storage.pdf

Page 84 of 84
898989

