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FOREWORD

At a period when mankind is implementing an energy transition, Manuela
Sechilariu and Fabrice Locment’s book very aptly provides us with useful
insights into electrical smart microgrids (for buildings, villages, districts, or
cities) and into the exploitation of renewable resources on such a
geographic scale.

Only renewable energy resources will be up to the task of reconciling
the needs of a world population of 10 billion with the constraints of sus-
tainable development. In such a context, electricity is to play a major role as
is already demonstrated by its growing share in the global energy mix.
Because it is now easily and economically converted from renewable re-
sources, electric power is an undeniable vector of progress, but it is essential
to continue improving the efficiency of its distribution and its uses. In this
respect this book contributes to offering, with great scientific rigor, solu-
tions to this wide-ranging issue.

In 2014 approximately 22% of global electricity was from renewable
sources, and its share has been progressing at an average annual growth rate
of almost 6% over the past decade. That same year the share of nonre-
newable sources was in decline because it had dropped to a growth rate of
2.8% per year over the same period. Photovoltaic and wind sources have
the greatest potential and play a major part in the growth of renewable
electricity. To optimize performance these conversion chains now sys-
tematically use electronic power converters and, naturally, deliver direct
current (DC). For the same reasons electricity storage systems are also well
suited to DC. Likewise, all of the modern uses of electricity are much better
suited to DC use. Under these conditions the use of alternating current
(AC; 50 or 60 Hz), which is still widely dominant, contributes to the
complexity of power architectures. AC also leads to an increase of losses in
unnecessary conversion stages and to a waste of raw materials and embodied
energy.

All of us have heard of the wars of the currents that happened in the late
19th century, particularly in Europe and America. Most famous among the
advocates of DC were Marcel Deprez in Europe and Thomas Edison in
America, whereas among the defenders of AC there were engineers from
Siemens and Nikola Tesla (Westinghouse). AC finally took over because
there were, at the time, very good technological reasons to justify its
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supremacy. However, since the late 20th century a revolutionary tech-
nology has gradually come to the forefront—power electronics (solid-state
conversion with power semiconductors). This technology is now almost
everywhere and will now allow DC to regain ground over AC power. Of
course the inertia of standards is a major obstacle, and it may be long before
DC surpasses AC, but I am sure this will eventually happen!

DC power distribution, especially in buildings and urban areas, is to play
a key role in an efficient use of renewable resources as well as in the
securing of greater resilience from electrical systems. DC will produce
better performing smart grids, which will be more reliable and more effi-
cient all along their life cycle while saving energy resources and raw
materials.

This book, which is based on scientific and technological research
performed by the team of Manuela Sechilariu and Fabrice Locment, pre-
sents a very relevant synthesis of DC electrical architectures and power
management methods. Technological aspects are thoroughly examined and
give greater credibility to the book. The authors provide numerous energy
models as well as management strategies and control laws at the different
stages of power conversion. They focus on the conversion of solar
renewable resources (photovoltaic conversion); energy storage systems;
backup generators; and, of course, smart microgrids, which combine all of
these aspects. Moreover, the numerous experimental results and associated
simulations strongly contribute to the high quality of this book.

I hope this book will have many readers who, whether they are sci-
entists or students, will no doubt appreciate the excellent quality of the
work performed by the authors. Finally, I hope that this book will
contribute to accelerating the sustainable energy transition that mankind so
urgently needs.

Rennes, December 7, 2015

Bernard Multon

Professor at Ecole Normale Supérieure de Rennes
SATIE CNRS Laboratory
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GENERAL INTRODUCTION

1. CONTEXT AND MOTIVATION

Currently, the global environmental issue, in part because of the use of
fossil/fissile fuels for electricity production, is a key concern in the various
strata of society in many countries. To avoid an ecological crisis that will no
doubt be more severe than the economic one, reduction of the environ-
mental footprint, greenhouse gas emissions, and consumption of fossil/
fissile fuels in favor of alternative energy is a mandatory crossing point. This
is the global energy transition that means the passage of the current energy
system using nonrenewable resources to an energy mix based mainly on
reriewable resources. This means developing alternatives to fossil and fissile
fuels, which are finite and nonrenewable resources at the human scale. The
energy transition provides for their gradual replacement by renewable
energy sources for almost all human activities (transport, industry, lighting,
heating, etc.).

The international community is becoming aware of the major envi-
ronmental problems caused by human activity. The World Energy Council
is an international organization supporting accessible and sustainable energy
development across the planet. It highlights that to provide sustainable
energy policies it is important to take into account the three following
dimensions:

» Energy security: The effective management of the primary energy supply
from domestic and external sources, the reliability of the energy infra-
structure, and the ability of energy providers to meet current and future
demand.

* Energy equity: Accessibility and affordability of the energy supply across
the population.

* Environmental sustainability: The achievement of supply- and demand-side
energy efficiencies and the development of energy supply from renew-
able and other low-carbon sources.

Thus the energy transition also induces a behavioral and sociotechnical
transition, involving a radical change in energy policy as moving from
demand-oriented policy to a policy determined by supply along the pos-
sibilities of distributed production. This is also to avoid overproduction and
unnecessary consumption to save more energy and benefit from better
energy efficiency.
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The public power grid that operates today is confronting the demands
to improve reliability, reduce costs, increase efficiency, comply with pol-
icies and regulations concerning the environment, integrate renewable
energy sources and electric vehicles to the power grid, etc. The promising
smart grid can meet these priorities. This network is designed primarily for
information exchange concerning the requirements and availability of the
power grid and for help balancing power by avoiding an undesirable in-
jection and performing smoothing of loads during peak hours. The smart
grid is defined as the power grid that uses innovative monitoring, controls
the transmission of information, and uses self-healing technologies to
provide better services to electricity producers and distributors, flexible
choice for end users, good reliability, and security of supply. This very
complex smart grid, with bidirectional power flow and communication,
requires much work to implement it in reality.

On the other hand, the electricity production seeks to produce more
and more energy from renewable sources (wind, solar, biomass, and
geothermal sources), but integrating power from renewable resources
into the utility power grid (ie, public grid) can be a huge challenge. The
intermittent and random production of renewable sources is always a
problem for their large-scale integration into the power grid. There is not
yet a worldwide standard for smart grid topology, but regarding better
integration of renewable sources of low and middle power, microgrids
seem to have an important place. A microgrid consists of renewable and
traditional sources, energy storage systems, and controllable loads that can
be adjusted. A microgrid allows the connection with the public grid and
ensures ancillary services (control of the voltage and frequency fluctua-
tions), energy flow, load sharing, and load shedding during islanding, and
it takes into account the constraints of the public grid transmitted by the
smart grid through the smart grid communication bus. Thus around the
world researchers and engineers are deploying increasing efforts to design
and implement intelligent microgrids to achieve the energy goals of the
21st century, such as improved reliability based on diversification of
sources of electricity production. Nevertheless, ensuring reliable distri-
bution of electricity based on a microgrid and realizing its integration into
the centralized larger production of the power grid are not easy to
achieve.

Regarding environmental sustainability, one of the most energy-
intensive sectors is the construction sector, representing in the near future
almost a half of total energy consumption and a quarter of greenhouse gas



