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Smart grid and Super grid 
Traditional electrical grids are not able anymore to support the needs of a rapidly evolving electricity 

sector. The convergence of many factors –including the generation of electricity from renewable 

sources and distributed generation as a whole– promotes the development of smart grids and the 

related continental interconnections, the super grids
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I n recent years, depletion of 
fossil energy resources and 
global warming problems have 
prompted international aware-

ness about sustainability of energy 
supply on a worldwide scale. Ac-
cording to the latest forecast, the 
global electricity demand will out-
strip the supply by 2020, due to sev-
eral key trends, such as migration 
to cities, increasing levels of wealth, 
and growing number of appliances 
and equipment used. In such a 
context, there is a pressing need to 
accelerate the development of low-
carbon energy technologies, in or-
der to address the global challenges 
related to energy security, climate 
change and economic growth. 
Smart grids offer ways not just to 
meet these challenges, but also to 
develop a cleaner energy supply, 

which is more efficient, more af-
fordable and more sustainable. A 
smart grid is an electricity network, 
which uses digital and other ad-
vanced technologies to monitor and 
manage the electricity transport 
from generation sources to meet 
the end-user electricity demand. 
Smart grids coordinate the needs 
and capabilities of generators, grid 
operators, end-users and electricity 
market stakeholders to operate all 
parts of the system as efficiently as 
possible, by reducing costs and en-
vironmental impacts, while increas-
ing system reliability, resilience and 
stability. The main characteristics of 
a smart grid are summarized in the 
following:

• Allows active participation of con-
sumers, based on their increased 

interaction with the grid. This ac-
tive participation brings tangible 
results for both the grid and the 
environment, while reducing the 
cost of the delivered electricity.

• Offers the possibility to involve 
several generation and storage 
options, which represent new op-
portunities for a more efficient, 
cleaner power production.

• Supports the process for a larger 
penetration of renewables into 
the transmission and distribution 
networks, thereby promoting the 
transition towards a low-carbon 
energy system and its sustainable 
economic development. 

• Enables new products, services 
and markets, by offering new con-
sumer choices such as green pow-
er products, and a new generation 
of electric vehicles.
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• Optimizes asset utilization and 
operates efficiently. Desired func-
tionality at minimum cost guides 
operations and allows fuller utili-
zation of assets. More targeted and 
efficient grid-maintenance pro-
grams result in fewer equipment 
failures and safe operations.

• Anticipates and responds to sys-
tem disturbance through self-as-
sessments to detect, analyze and 
respond adequately to restore grid 
components or network sections.

• Operates resiliently against cyber-
attacks.

The smart management of the grid 
is the key point, allowing significant 
development perspectives of smart 
grids at local scale, and super grids 
at continental scale. This key point 
faces several challenges related to 
grid strengthening, enhanced intelli-
gence, communication technologies 
and standardization, interoperability 
between different components and 

systems, integration of intermittent 
generation, moving offshore, and 
capturing the benefits of distributed 
generation and storage.

ENEA Research activities

In order to deal with the challenges 
mentioned above, the ENEA re-
search activities mainly focus on 
three specific areas related to smart 
grids and super grids, as discussed 
in the following. All these R&D ac-
tivities are carried out within sev-
eral National and European projects, 
and in national and international 
organism and networks, working in 
the field of energy technologies and 
systems, integrated energy networks 
and renewables.

Smart grids and microgrids 
In the context of smart grids and 
microgrids, research focuses on the 
modeling, operation and design 
optimization of Distributed Energy 

Resources (DER) (shown in Figure 
1), in presence of renewables, poly-
generation systems such as Com-
bined Heat and Power systems, and 
electrical/thermal storage, through 
multi-objective approach, by con-
sidering both economic and energy 
savings/environmental aspects [1, 2, 
3, 4]. The main goal of this research 
is to investigate configurations and 
operation strategies of DER systems 
through multi-objective approach, 
in order to provide decision support 
to planners and/or operators based 
on short- and long-run priorities. 
The developed optimization models 
are both deterministic and stochas-
tic. In this latter case, uncertainties 
of supply side, including renewables 
and demand side, are included. 
Demand side management (DSM) 
is also integrated in smart grid 
modeling through Demand Re-
sponse (DR) programs. These latter 
allow to transfer the customer load 
during periods of high demand to 
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off-peak periods, with the aim of 
managing the required demand to 
match the available energy resourc-
es, without adding new generation 
capacity. By reducing the peak loads 
on the electricity network, DSM has 
various benefits, including the miti-
gation of electrical system emergen-
cies and the increase in the system 
reliability. Benefits also include the 
reduction of dependency on im-
ports of fuels, as well as the reduc-
tion of energy prices and environ-
mental impacts. 
The research interests also focus 
on the technologies, systems and 
strategies, which allow to promote 
an active electric network and the 
transition from the “fossil-fuel-
based” energy generation system to 
a distributed and smart “renewable-
based” scenario.
The most important outcome of this 
research activity is the POLISTAR 
(POLIgeneration and STorage for 
smARt green islands() Project, based 
on the collaboration between ENEA 
and the University of Palermo’s 
Department of Energy, Informa-
tion Engineering and Mathematical 
Models(DEIM). The goal of the proj-
ect is to design a smart grid for Pan-
telleria island (South Italy), based 
on renewables (solar photovoltaic, 
wind, geothermal), power genera-
tion from urban waste, and electro-
chemical storage, with the aim of 
reducing the dependency on fossil 
fuels, thereby increasing the island 
energy autonomy.
Moreover, research activities also ad-
dress the management and control of 
combined systems based on renew-
able (solar photovoltaic) generation 
plants, and electrochemical storage, 
integrated into smart grids and en-
ergy networks, in order to foster a 
larger penetration of renewables into 
the electric grids, as well to offer an-

cillary service for the network and 
end-users.

Super grids
ENEA is also involved in research on 
super grids . In detail, research activ-
ities are aimed at testing, implement-
ing and demonstration of a VSC-
HVDC (Voltage Source Converter 
- High Voltage Direct Current) pilot 
plant, with the aim of promoting the 
creation of interconnected Pan-Eu-
ropean Network (super grid). 
High voltage direct current (HVDC) 

converters based on the VSC tech-
nology, and provides a higher effi-
ciency, flexibility, security and grid 
stability, as well as lower environ-
mental impacts [5]. 
The high-voltage VSCs allow to re-
duce energy losses and mitigate 
carbon dioxide emissions, which is 
difficult to attain with conventional 
VSCs. It is estimated that the high-
voltage VSC devices can reduce en-
ergy losses on the transmission lines 
by about 60%, as compared to the 
conventional VSC devices. In addi-

Fig. 1  Example of DER systems analysed

transmission systems can transport 
enormous amounts of electricity. 
Such systems have been widely in-
troduced in European countries in 
order to stabilize and strengthen 
power grids and also respond to the 
increased use of renewable energy. 
The main challenges are related to 
their realization, reduction of opera-
tion and maintenance costs, increase 
in operation reliability and security, 
and reduced environmental impact. 

This research activity is based on a 
scientific alliance between ENEA, 
Toshiba Corporation and Toshiba 
Transmission and Distribution on 
advanced technologies for electric-
ity grids and renewables, and on a 
Memorandum of Understanding 
signed by ENEA and NEDO (New 
Energy and Industrial Technology 
Development Organization of Ja-
pan). The new HVDC interconnec-
tion employs innovative multilevel 
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tion, using superconducting cables 
allows to increase the carrying ca-
pacity and reduce power losses. 
The demonstration plant, to be set 
up at the ENEA Casaccia Research 
Centre, concerns an innovative tech-
nology considered among the most 
promising for long-distance electri-
cal power transmission. The objec-
tive of the demonstration plant is to 
promote the dissemination and ex-
pansion of HVDC transmission sys-
tems in such areas as offshore wind 
power, which are promising end-use 
areas for the VSC’s project, as well as 
to experiment and validate advanced 
solutions to modernize the existing 
grid, by promoting a new energy sys-
tem based on distributed generation, 
the use of renewables, smart grid 
and super grid. 
The experimental results will be 
also integrated in an European im-
pact analysis with the purpose to 
demonstrate the applicability of the 
proposed solutions and their poten-
tial for replicability in the Pan-Eu-
ropean electric power transmission 
network.

Smart PV systems
In the context of smart PV systems, 
research activities focus on the study, 
modelling and design of innovative 
components and solutions for pho-
tovoltaic applications in residential/
industrial construction and micro-
grids contexts. The aim consists in 
taking advantage of PV plant capil-
lary distribution in the whole coun-
try for the creation and development 
of new energy contexts. These new 
energy models base their success 
on communication and cooperation 
among various devices and technol-
ogies. ENEA pursues this objective 
carrying out modeling, designing 
and experimental activities concern-
ing innovative devices capable of 

constituting a constellation of “talk-
ing” nodes and of providing ancil-
lary services useful to the PV plant 
users and/or grid operators. 
In this area, research activities are 
organized into three lines:

• Distributed Maximum Power 
Point Tracking converters 

• Smart Maximum Power Point 
Tracking Converters 

• Microinverter and Multilevel 
Converters.

In detail, Distributed Maximum 
Power Point Tracking converters 
(DMPPT) are able to optimize the 
energy extracted from a single PV 
generator, also in presence of con-
tinuous variable operating condi-
tions and mismatch phenomena. 
They are DC-DC converters capable 
of adapting the impedance in order 
to ensure the maximum transfer of 
power from the photovoltaic genera-
tor. Each converter is equipped with 
a digital control type for tracking, in-
stant by instant, the Maximum Pow-
er Point of the photovoltaic module. 

In this way, there is improvement of 
performance even in those hours of 
the day when the yield of the pho-
tovoltaic generator decreases due to 
shadowing phenomena. In such a 
context, the research focus is on the 
circuital study and the benefit-cost 
trade-off analysis of applicable sim-
ple, hybrid or interleaved topologies 
[6,7]. The goal is to obtain optimized 
solutions both in terms of efficiency 
and reliability performances and 
in terms of necessary economical 
budget. The attention is also concen-
trated on affordable DMPPT control 
techniques for tracking the PV gen-
erator Maximum Power Point. 
The research interest is also in Smart 
Maximum Power Point tracking 
Converters (SMPPC), as innovative 
solutions to enhance renewable in-
tegration in new energetic contexts 
such as Net Zero Energy Buildings 
(NZEBs), DC microgrids and smart 
grids [8,9]. In addition to DMPPT 
features, the SMPPC integrated ap-
proach allows to implement some 
auxiliary functions on board, such 
as data communication, alarms, di-

Fig. 2  SMPPC Master-Slave architecture
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agnostics, monitoring and plant re-
configuration. In detail, a hierarchi-
cal SMPPC architecture (Figure 2) 
is presented. Each SMPPC Slave is 
dedicated to optimize a specific PV 
generator power and to provide suit-
able information to the higher archi-
tectural level. Each level is equipped 
with data acquisition and commu-
nication boards able to monitor and 
transfer data by suitable interfaces. 
Similar slave devices are dedicated to 
DC loads to acquire data about their 
power consumption and their inter-
ruptible capacity. The data exchange 
among SMPPC Master and Slaves 
nodes permits to implement services 
useful for both PV plant users and 
grid operators. Actually, in the future 
electricity grids (smart grids), data 
exchange and transmission will play 
a decisive role to decision and action 
making. The research focus is on the 
analysis and application of commu-
nication protocols to transfer neces-
sary information for balancing the 
delivered and the consumed energy, 
ensuring the security and reliability 
of the whole system.

This research line is concentrated on 
the development of a SMPPC Mas-
ter operating as an energy manager. 
It could be able to continuously re-
ceive microgrid generation and con-
sumption data and make appropri-
ate decisions to match and optimize 
supplies and load requirements. For 
instance, depending on the specific 
scenario, it could improve the mi-
cro-grid service quality and reliabil-
ity deciding to immediately provide 
the generated energy to high prior-
ity and uninterruptible loads, to use 
it for storage devices recharge or to 
feed it into the grid. In addition, 
analysis and application of suitable 
digital techniques are carried out 
to improve microinverters perfor-
mances and to develop multi-level 
converters ancillary services.

Open research issues
Beyond the research activities de-
scribed above, open research issues 
regard several aspects in the con-
text of smart grids. Among others, 
smart grids interoperability is a key 
point allowing the diverse devices 

and systems to interoperate within 
the smart grid. A key requirement 
is the interoperability of the cyber 
systems used to manage the power 
system. Interoperability among 
disparate devices and systems can 
only be achieved through the use 
of internationally recognized com-
munication and interface standards. 
Another open research issue regards 
the need for a high number of dem-
onstration plants to test and validate 
the technological and technical solu-
tions found through the optimiza-
tion models, as well the upgrading 
of technologies, components, and 
methods developed. Last but not 
least, open issues also concern the 
development of a capillary informa-
tion/formation campaign for cus-
tomers, with the aim of promoting 
and fostering their active role within 
the new energy scenario, based on 
smart grids and distributed genera-
tion from renewables.

For further information, 
please contact:
giorgio.graditi@enea.it
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