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Preface

Background

In the last two decades, the power industry has undergone unprecedented changes
motivated by challenging environmental targets set out by governments worldwide,
increasing requirements in terms of security of supply, and the need to make electricity
more affordable to end customers in a market environment.

In this context, the increasing share of renewable energy sources, such as wind
and photovoltaics connected to networks at different voltage levels, is dramatically
changing the classic predict-and-provide approach that has characterized the power
sector since its dawn at the end of the 19th century, whereby “generation follows
demand” and system control is delegated to relatively few large-scale power plants
connected at the transmission level. In fact, the variability and partial uncertainty of
renewable generation is posing new challenges to system balancing, with a risk of
curtailing clean energy at times of system constraints. As a result, prices in day-ahead
and especially balancing markets are becoming more volatile. At the same time, the
ever-increasing demand for electricity associated with the increasing electrification
of heating and transport is placing greater stress on distribution networks and calls
for investment in new expensive generation facilities. Several solutions have been put
forward to deal with these challenges within the general smart grid (SG) framework
that relies on new information and communication technology (ICT) to bring together
technical aspects of (close to) real-time system and network operation and market
information.

In this way, monitoring and control solutions that can possibly replace more
expensive asset investment can be deployed, while being cost-effective and
cost-reflective. In particular, owing to ICT and within the SG thinking, consumers
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can play a new active and key role by participating in system operation in exchange
for (generally economic) benefits, incentives and rewards.

The concept of demand response (DR) generally concerns methodologies,
technologies and commercial arrangements that could allow active participation of
consumers in power system operation. The primary aim of DR is thus to overcome
the “traditional” inflexibility of electrical demand and, among other benefits, create a
powerful new tool to maximize deployment of renewable energy sources as well as
provide active network management solutions to help reduce the impact of limited
grid capabilities.

In fact, marginal system costs vary over time and location due to the physical
operation of power systems. However, most end-consumers are not encouraged to
make an efficient use of electricity generation resources and network capacity
because they are exposed to prices that are fixed for relatively long periods. Under
such conditions, consumers have no incentives to adjust their consumption in timing
and volume in response to actual market and system conditions. By allowing
consumers to actively participate in power system operation, thus bringing new
opportunities in emerging energy markets as well as tangible system benefits, DR is
therefore a key enabler of the SG concept itself. However, DR also poses a number of
challenges, particularly when it is connected to the low voltage (LV) network, thus
affecting all the actors involved in the electricity chain.

Why this book?

Many research contributions have appeared in recent years in the field of DR,
both in journals and conference proceedings. However, most publications focus on
individual aspects of the problem. A systematic treatment of the issues to be tackled
to introduce DR in existing electricity grids, involving the extended value chain in
terms of technical and commercial aspects, is still missing. Also, even though several
recently-published books have mentioned DR as a key pillar for the SG, there is no
dedicated, comprehensive and systematic contribution in this respect.

This book presents for the first time a comprehensive view on technical
methodologies and architectures, commercial arrangements, and socioeconomic and
regulatory factors that could facilitate the uptake of DR. The work is developed in a
systemaltic way so as to create a comprehensive picture of challenges, benefits and
opportunities involved with DR. The readers will thus be provided with a clear
understanding of the complexity deriving from demand becoming active, as well as
with quantitative assessment of the techno-economic value of the proposed solutions
in an SG context.

Most of the material contained in this book has been developed within
ADDRESS (www.addressfp7.org), a S-year project co-funded by the European
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Commission within the Seventh Framework Programme (2007/2013). ADDRESS
dealt with the challenges and opportunities of DR from small domestic and
commercial customers connected to the LV network. Various techno-economic
solutions that DR could bring throughout the value chain were developed by 25
European partners and tested in three test sites across Europe.

ADDRESS brought together a unique team from research institutions and
industry, with a wide breadth of expertise to describe an up-to-date state-of-the-art
assessment of DR. This is reflected in the book from manifold points of view,
ranging from technical and socioeconomic research questions through the issues of
technologies that would enable DR deployment, to the needed changes in
commercial arrangements and regulatory framework. ADDRESS specifically
focused on the novel concepts of “Active Demand” (AD), which was intended as a
subset of DR addressing residential and small commercial and industrial customers
connected to LV distribution networks. In fact, this probably represents the most
challenging type of DR, given the implications on the full value chain that physically
spans from LV networks to large-scale generators, and given the complexity of
dealing with customers mostly used to flat tariffs for electricity, and with potentially
low flexibility dictated by well-consolidated habits. However, as it will be
appreciated by reading the book, most findings and considerations can be readily
extended to other forms of DR. Therefore, within the book, DR and AD will be used
as interchangeable terms with no loss of generality.

Who is this book for?

This book is targeted to a wide readership, including: researchers in the
interdisciplinary fields of power systems, electricity generation and delivery, and
SGs; professionals from companies involved in transmission and distribution of
electricity, producers of equipment for energy distribution and smart appliances for
household applications, ICT manufacturers and providers; and governmental
institutions sensitive to energy efficiency, renewable energy production and reduction
of greenhouse gas emissions. In addition, the book can provide excellent support
material for students who are studying the new SG field at an undergraduate and
postgraduate level in various electrical, energy and ICT engineering programmes. For
example, the book will be used to support the “SGs and Sustainable Electricity
Systems” MSc unit taught at the University of Manchester and attended by about 100
students every year.

Structure of the book

This book is organized into 10 chapters and one appendix that cover a wide range
of topics relevant to DR, ranging from general concepts of DR in an SG context to
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socioeconomic aspects, and passing by various technical topics such as flexible load
control and aggregation, distribution network control and representation, and so forth.
More specifically, the book is structured as follows:

Chapter 1 contains a general introduction to demand-side management and DR
within SGs.

Chapter 2 discusses the concepts of active consumers and their baseline demand
and flexibility characterization, as well as the concepts and models of consumer
aggregation and the “aggregator” as a market actor.

Chapter 3 presents the models of flexible devices available at the consumer’s
premises and the scheduling algorithms for their control. This control is performed
by the so-called “energy box™ that represents the interface between the aggregator
and the local flexible load.

Chapter 4 discusses the new requirements and functionalities that are needed by
the distribution system operator to set up the so-called medium-voltage control center,
including the key concept of “validation™ of DR services in order to prevent infeasible
network operations.

Chapter 5 introduces reduced models, based on the clustering concept of “load
area”, to represent distribution networks in such a way that only relevant information
is treated.

Chapter 6 contains a detailed overview of ICT requirements and solutions for the
deployment of DR, both between houses and actors involved in the value chain and
within houses.

Chapter 7 presents an overview and quantitative assessment for different European
countries of the main benefits that DR can bring at the system level.

Chapter 8 analyses various techno-economic aspects of DR within a market
environment, including assessment of several business cases in different European
countries in terms of both energy-related services and capacity-related services.

Chapter 9 discusses a number of socioeconomic aspects of DR, with focus on
consumers’ feedback and acceptability on the basis of several case studies from trials
carried out in the ADDRESS project.

Chapter 10 concludes the book by summarizing the main findings from various
DR experiences, identifying relevant gaps and enablers for widespread DR roll out
and bridging to future research and applications.



Preface xv

An appendix describes a methodology for defining domain interfaces, together
with guidelines for embedding and implementing them into message and transport-
level interfaces.
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