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0. Executive summary

In 20th century society, electricity is the most used form of energy and a decisive factor in
the competitiveness of a country.
The electric grid, as a necessary infrastructure making this energy accessible to all potential
users, is an asset that each country has to take care of adapting to current and future needs. We
live in a situation which demands electric grids to be more than just a passive element with which
to move electric power from generation points to consumption points. What is now required of
electric grids is that they become tools to assist in the achievement of sustainability goals. To this
end, electric grids must be an active instrument for uncertainty management, in both supply and
demand, in order to unite the system goals of reliability, sustainability and competitiveness.
The Spanish Electric Grid Technological Platform of the future - FUTURED - brings together
a group of representatives from the administration, electrical companies, technology companies
and manufacturers of equipment, service companies, technology centres and universities. Its
aim is to encourage grid development and to make the most of the opportunities that arise in
terms of industry and increasing the products and services it can offer to society, thus acting as
a lever to promote national economic activity. The civil services play a double role as promoters
of the proposal and an active part within the platform, which is essential as they establish both
the research policies and industrial policies that govern the electrical sector.
Europe has set itself a series of energy objectives for 2020 (SET Plan) which demand a considerable evolution for electric grids, not only incorporating new technology, but also new ways
of dealing with customers connected to them. Therefore, a change in paradigm is necessary,
which will enable a fast and efficient switch.
Bearing our economic surroundings in mind, it is easy to reach the conclusion that this challenge can only be faced by encouraging collaboration between all agents involved, which will
mean reducing the risks and costs of new solutions and, therefore, making them easier to put
into place.
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The needs of our economy are changing, and the rate at which they do so is getting faster.
Implantation processes are getting shorter in elements such as the deployment of smart meters,
electric vehicles, the proliferation of renewable energy sources, distributed microgeneration, information and communication technology and the increasing importance of Energy Efficiency.
The technological switch that we can already glimpse, with new elements in the grid such as
smart meters, elements of power electronics, more sophisticated network automation or energy
storage units, is a challenge and an opportunity that the Spanish industrial, educational and research sectors must not only take advantage of, but that they must lead. It is important to value
the pilot Smart Grids carried out in Spain as a global reference, which are acting as a showpiece
of the potential of Spanish technology in the sector.
The presence in Futured of technology suppliers, prescribers, users, manufacturers and those
responsible for training future generations of professionals creates the right atmosphere for new
ideas to materialise in the Spanish business and educational setting.
This document expresses the vision held by this group of experts, in 2012, of how the Spanish
electric grid, ranging from very high tension transmission to low tension distribution, will face the
demands of a looming 2030, where society will be more energy independent and, therefore, more
demanding, not only in terms of cost and quality, but also in terms of ecology and sustainability.
Given an easily foreseeable rapid evolution both of the social and economic frame and of
technology, this is a live document that we will regularly update, and for which we welcome comments and contributions.
Thank you in advance.

Blanca Losada
President of Futured Platform
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1. Introduction

Nowadays, it is inconceivable to think of a developed society without electricity. Electricity
has become an indispensable form of power with innumerable uses due to its high versatility and
control, the immediacy of its use and cleanliness at the point of consumption. Lighting, electric
engines, air conditioning, food refrigeration, cooking, radio and television, computers, a plethora
of other domestic appliances and systems, lifts, general industrial applications etc., all use electricity as a source of energy. Electricity has currently become an essential consumption item.
Future perspectives do nothing but ratify the relevance of the role electricity will play because,
as we manage to produce electricity using clean and renewable primary energy sources (wind, solar,
marine, carbon with CO2 capturing and storage, nuclear if a solution is found for waste and security, ...), it will become an essential energy vector for the achievement of sustainable development
(both in environmental terms and in terms of energy dependence and resource exhaustion), gradually replacing fossil fuels in practically all of their energy transforming applications.
In order to provide a practically universal and highly reliable access to this transformed energy
source, it has been necessary to invest large amounts in electrical infrastructures over an entire
century of electrical system development. Lines, substations, transformers, equipment and control centers, measurement and protective equipment shape a gigantic industrial system in the service of customers and producers of electricity.
The electric grid is the link between generation and demand and, in itself, constitutes a very
important part of the financial activity which incorporates an undeniable strategic value to other
sectors of economy. The electric grid directly represents employment and wealth for society, since
there is a large industry that depends on the grid’s technological progress, and vice-versa. But
the greatest impact it causes, indirectly, is absolute dependence on behalf of the industry and
society that it supplies with the basic necessity that is electricity.
For this reason, the task of creating an electric grid within the energy supply that offers optimal conditions of safety, quality and cost is an unavoidable objective.
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The construction of the future electric grid has already begun and the necessary steps must
be taken every day to complete it. The risk lies in not achieving the necessary development in time
and inevitably overloading the electric grid and, therefore, compromising our society’s quality of
life, industry, economy and the entire country.
This development is under threat from a multitude of agents that delay or prevent the construction and progress of the electric system, such as changes in regulations that have not been
agreed on by electrical companies, reduction in investment in the Spanish electricity sector, collapse of the electric industrial sector which supplies the grid with technological improvements,
local and environmental restrictions that hinder the grid’s growth, etc.
In order to reach the goal of a 2030 electric grid adapted to future needs, work must be continued to face the changes listed in this vision that we expect to take place. Namely, widespread
introduction of the electric car (over 20 million new consumers and the necessary adaptation of
the grid to charge them), domestic consumers as active agents in the market, the development
of ICTs involved in the grid, the introduction of new technology, such as devices based on power
electronics or energy storage. This will require a considerable technological, social, regulatory
and financial effort that all agents involved in the achievement of the 2030 electric grid must
take part in.
Faced with all this uncertainty, electric grids are asking themselves: will regulatory entities
contribute to providing stability to this restructuring? Will the electrical sector continue to be
profitable for industry and electricity companies? Will there be an increase in demand, causing
grid saturation and, therefore, a power supply crisis? Will the technology required to trigger the
change reach the necessary level of maturity?
The key to answering these and other questions is laid out below in the FUTURED 2030
Strategic Vision.
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2. Aim of the document

This document aims to offer a picture of the grid that should exist in the year 2030. The general trend, which has already begun, is the transformation of a passive network that transmits
and distributes energy into an active network that interconnects producers and consumers of
electric power.
The vision’s three main objectives are as follows:
 To unite the different ideas of what the grid of the future should be like on the horizon
of 2030 into one concrete integrating vision. However, the idea is not to create a fixed
photograph, but a vision that is updated to include changes in its surroundings that affect the concept of the future grid.
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 To guide all efforts towards the progress of electric grids belonging to entities linked
to the electrical sector in Spain. The aim is to align:
 research and technological development on behalf of universities, technological centres, electrical companies and industry, and suppliers of technology,
 incorporation of these new technologies and new management models by the
grid’s owners and managers,
 regulations that will enable the necessary changes to implant this vision,
 training of the future professionals who will be in charge of implanting the
2030 network.
 To be a published reference document informing of the needs and solutions proposed
for the 2030 grid in sectors related to the field of electricity in Spain and in other
countries, particularly in Europe. This will enable the creation of synergies that will mutually help the Spanish electrical sector and other sectors close to it.
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3. Technological aims
of the electric system for 2030

FUTURED is developing this vision of the grid of the future based on a thorough analysis of
the current situation in the electrical sector and with a view towards a series of strategic objectives for the sector as a whole. Below are the strategic goals outlined by FUTURED for the 2030
electric grid:
 Developing more stable and efficient transmission and distribution infrastructures,
with more advanced operational functionalities, able to deal with larger volumes of
energy, encouraging energy saving, loss reduction and lower costs.
 Guaranteeing safe, reliable and flexible operations with all of the electrical system’s
available resources, enhancing the active role of all of the system’s agents. Operation
will integrate energy supply and loss reduction criteria, as well as risk management criteria.
 Ensuring an energy supply with the right levels of reliability, quality and cost for the
future social demand, both in the industrial field and service sector, and for residential users.
 Enabling effective integration of renewable energy and distributed generation, allowing
them to co-exist effectively with centralised power plants, without compromising the
system’s stability and supply safety. In this way, Spain will be able to have the optimum energy structure in accordance with the country’s needs.
 Enabling interactive integration of consumers and new supply agents and service providers, making for a more flexible electric power consumption that may bring about financial profits as well as new opportunities for other agents to manage the grid.
Deployment of demand management programmes based on intelligent domestic devices that will especially encourage the mass implementation of the electric vehicle,
among other elements.
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 Achieving more environmentally friendly energy transmission and distribution, integrating environmental impact reduction criteria and sustainable development in infrastructure plans, as well as in their design and implementation.
 Technological deployment of strategic technology, ICTs, power electronics, storage and
new sensors and materials.
 Developing a transmission and distribution network capable of constituting a platform
offering advanced and innovative services for users in terms of well-being and quality
of life.
 Promoting a new regulatory framework enabling a harmonious development of the objectives mentioned within the electrical sector.
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4. Análisis del sistema eléctrico actual

In recent years, a series of changes have taken place that have considerably hindered the progress of electric networks, leaving the sector faced with challenges that have been gradually overcome and many still being dealt with.
Below, we will analyse the key points that have and do condition the development of electric grids:

Liberalisation of the electrical sector
Since the year 2003, restrictions on energy generation and commercialisation activities in
Spain have relaxed, both in electricity and gas. There is no doubt that we are witnessing a new
way of understanding the electricity business on the whole, which forces electric companies to
offer users new services. This poses new challenges to the characteristics and features of electric grids, challenges for which progress in information and communication technologies will play
a relevant role.
Full market liberalization took place in 2003, but from 1st July, 2009, regulated low voltage
tariffs finally disappeared, with the exception of the LRT (last resort tariff) which will remain for
a limited period of time (for clients with supplies of under 10KW).
Recently a new figure has appeared in the sector; the charging manager, aimed at electric
vehicle charging. This figure will develop in a regulated fashion over the coming years.

Increase in competition and globalisation
One consequence of the liberalisation of the sector is greater competition between the sector’s
businesses. Financial factors gain relevance, and efficiency is more eagerly sought, maximising
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performance and exploitation of assets. These tendencies have been transmitted to manufacturers, who are faced with a more and more competitive and international market. The financial crisis has worsened the situation for the industrial sector in general, delaying its growth or making
it difficult.

Integration of renewable energy
The 20-20-20 goals, which demand that 20% of electric power production should come from
renewable sources, added to the growing need to drastically reduce dependence on energy from
abroad, are increasing the relevance of generation using renewable sources. This is particularly
the case in Spain, where the development of this kind of generation is above the European average, due to its very high energy dependence on other countries.
In order to correctly capture these energy resources, electric grids are taking on the new
task of integrating geographically scattered resources. Future lines and networks must integrate
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renewable energy sources that are dispersed, strategically placed and linked to other generation and consumption systems.
In recent years, the first restrictions are being registered on the production of renewable
energy, since consumption is too low at times to absorb the energy from renewable sources as well
as the uninterruptable base generation. This situation will worsen as the proportion of renewable
energy installed increases, which poses new challenges in the sector.
In addition, the random character of renewable energy sources is also an important challenge,
which makes the task of integrating interconnection lines with other systems and the coordination
of the different agents essential. In order to perform this coordination, data capturing and management systems are necessary, as well as applying even more advanced management algorithms and
operation and control systems than those used in existing generation and transmission systems.

Energy demand
Over the following decades, all forecasts made show that the participation of electricity in the
total energy consumption of OECD countries will increase significantly. Furthermore, financial and
industrial activity (transport, telecommunication, finance, etc.) will gradually be controlled by complex and sensitive electronic and IT systems that will depend on a highly reliable and good quality
supply of electric power. In short, the electric grid will have to cater for a growing demand of electricity with higher quality standards than now in order to respond to the future needs of the economy.
In the case of Spanish demand, growth rates prior to the recession were high - over 4% in
energy and 6% in maximum annual power - and, despite a drop in consumption during the crisis, it is now making a moderate recovery.
It is also important to mention the administration’s support of smart meters, which are essential for demand management, following the publication of the royal decree that plans to replace current meters with smart meters in all supply areas. This change will take place gradually
up to 2014 and by 2018 they must be a part of a communicated management system. To this
we must add the research activities performed since the beginning of the decade and that are now
reflected in scaled demonstration projects carried out in different Spanish towns and cities (smart
grids acting as a nucleus and revitalizing element for smart cities).
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Network saturation
Both the Administration and the public are conditioning transmission and distribution networks more and more (essentially new lines and electric substations) due to the environmental
and visual impact they cause. The growth in demand that we have seen over the last decade has
gradually saturated electric networks, which magnifies the repercussions of possible incidents.
Nevertheless, as we have already mentioned, demand has currently declined, and with it, so has
network saturation, which does not prevent medium and long term forecasts from indicating the
pressing need to increase our network capacity.
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Network evolution
The contribution made by distributed energy resources and renewable energy sources, as well
as the progress made in different fields of technology (ICTs, power electronics, storage systems,
etc.) represents an opportunity to push evolution towards a more reinforced, intelligent type of
grid, with a greater ability to adapt. One important factor to bear in mind, and that can favour
the implementation of grids under the new Futured paradigm, derives from the chance to replace
network elements when they reach the end of their useful life.

Environmental impact
Social awareness towards ecology and rejection of environmental aggressions represents another factor that considerably limits the development of the energy scene in general, and that of
line and network infrastructures in particular. In this sense, respect for the environment in all the
processes developed must guarantee the fulfilment of autonomous and national environmental regulations (SPAs, SCIs, etc.), as well as European regulations and other international agreements,
ranging from 20-20-20 goals to agreements reached in the Rio de Janeiro summit in 1992 and
the Kyoto protocol, in force since 2004.
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The flexibility brought about by smart grids will enable greater integration of renewable energy
with demand, optimising the production-distribution-consumption pattern. This means implanting a more efficient, environmentally friendly electrical system. Applying technological progress,
such as superconductivity and direct current technology, will make for electric power transmission and distribution systems that are more compatible with the environment.
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5. Vision of the Electric system
after 2030 according to FUTURED

The 2030 electric grid will provide an infrastructure for electric power transmission and distribution that will efficiently, solidly, reliably and sustainably satisfy the electrical needs of all
users, incorporating the necessary technological improvements to do so.
Below is a description of the vision of the 2030 electric grid regarding three concepts that
define the structure and functionality of the network:
 Uses and services.
 Grid architecture.
 Technology to be promoted.
These concepts will be developed bearing in mind the temporary goal of our vision (2030),
by which time the strategic objectives would be achieved according to what is specified in the
following section: “analysis of barriers and favourable elements”.

Uses and services
Management of demand
Global electricity consumption during the last two decades has increased by over 30%, especially in OECD countries, which consume 57% of the total, and the forecast for 2020 and 2030 is
for continued growth at a rate of approximately 1.3% per year (according to the International Energy
Agency). In modern societies, financial growth and an increase in population have led to a greater
dependence on electricity, particularly in the tertiary and residential sectors. More specifically, in
Spain, the use of electricity has increased 55 percent between 1998 and 2008, doubling the installed capacity in the same period of time. Although after 2008 the recession caused a reduction
in consumption, the growth path will come back once crisis period is overcame.1
1. The inter-annual consumption growth in 2010 was of 2.9% (source: REE).
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A notable regulatory change is being produced by the implementation of smart meters for
all power supplies below 15kW by 2018, and the activation of functionalities such as remote
readings and remote power control. In 2030, smart-metering will be fully developed and will represent an indispensible tool in demand management.

This scenario suggests the development of a sustainable energy model, where electricity demand management and energy efficiency as services of a smart transmission and distribution
grid will contribute to increasing supply safety, moderating demand growth, and reducing generation costs and the need to build new electrical infrastructures.

In the near future, taking advantage of the progress made in the field of ICT, the electric grid
will be able to establish bidirectional communication with the end client. This new configuration opens a new array of possibilities in operational services, making it possible, through demand management, to calculate the future consumption and generation of end clients and the
action to be taken, in case of saturation, on manageable loads connected to the distribution
network. This way, the electric grid of the future will make use of the services described both in
the industrial and residential sectors, optimising control of general and specific demand power
peaks, turning demand into an elastic economic agent so that variations in price affect consumers and so that the market is not only on the side of generation. Users will be able to know the
price to be paid at any one time for the use of electricity, so that some of their consumption habits can be moved to times when demand and price are lower. For domestic users, all this will
be possible thanks to the automation of the main domestic appliances.

The main demand management services that the future electric grid should include are
based on: a) programmes based on incentives for specific times according to price, aimed to modify the daily curve by offering different rates depending on the time or day when electricity is
most expensive or is expected to be saturated, and b) demand management programmes based
on active responses in which the client agrees to undergo controlled power reductions by the distribution operator if the system reaches certain levels of saturation.

Electric vehicles will have become an important but manageable load that will complement
the variability of production using renewable sources.
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Generation management
The response to the sustainability challenges will require the use of all available technology, bearing in mind that the future demands a change towards an energy system with low
carbon content.
On the 2030 horizon, non-manageable production will cover roughly 40% of annual demand,
and there will even be times when this type of production will surpass demand.
There are various scenarios in the generation mix, although they are mainly completed, in addition to renewable energy sources, by nuclear generation and conventional thermal gas and carbon plants. Different scenarios are contemplated for 2030 : 1) by maintaining nuclear generation,
conventional carbon energy and particularly gas will substantially decrease, 2) by reducing nuclear generation, we can foresee a high production of renewable energy (50%), and retention of
conventional thermal generation and 3) lastly, if we consider an increase in nuclear production,
renewable energy generation will remain below 40% and conventional generation will decrease
slightly. The policies adopted must be prudent, flexible and not rule out any options or the dominance of one in particular.
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Future distribution grids must be designed to withstand the penetration of distributed, largely renewable generation, which must also be manageable in the same way as small scale cogeneration.
In order to mitigate its intermittent character (the main disadvantage of renewable energy),
it will be essential for interconnection lines to have an integrating function between renewable
energy generation systems, other generation systems, energy storage and geographically close
consumption centres. These interconnected networks must be equipped with communication,
activation and data capturing systems for each of the active devices, enabling real-time updating
of the situation of the main network operation parameters.
One of the mid-term goals sought on a European level is the creation of an interconnection
line from North Central Europe to Spain, branching off towards Italy, making it possible to distribute the excess produced in off-shore wind farms from Northern Europe or, in summer, to export solar power produced in Spain and North Africa. This so-called supergrid will still be under
development, but parts of it will already be in place providing an insight into its full implementation.
The supply of electrical generation within the future electric grid will be more flexible and
complex. New agents are appearing on the market that consume and provide energy according
to functional restrictions or financial criteria, deliverers and distributors will need to play a more
active role in the real-time management of all these distributed energy resources and, lastly, the
market should be regulated so that it better reflects the cost of energy generation.

System operation
Operation of the future grid will be more automated and will be managed depending on a
number of field measures taken in interaction with an extremely elastic supply system, able
to respond in real time to the decisions made by the different agents involved: consumers, suppliers, etc. This operation will include optimisation of protocols and communication mechanisms between all the devices and systems found in very diverse surroundings and with
different requirements, different manufacturers and a variety of standards. For this reason, a
new family of communication protocols will be developed based on the standardisation of existing protocols.
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The systems that will operate the grid of the future will be more sophisticated in terms of
making decisions and dealing with higher quantities of information. These systems will have a
greater decision-making capacity and must, therefore, be protected from possible attacks by external elements.
Electric grids, as an essential community service, are potential objects of interest for terrorist groups and boycotters. Therefore, the most advanced security systems will be installed in
the communication networks, ensuring the inviolability of data and the security of the grid itself.

Asset management / Automation
With the creation of smart electric grids, the number of intelligent and interoperable devices
throughout the grid will be very high, making it extremely difficult to manage manually. It will,
therefore, be necessary to have a system in charge for managing and controlling all of the grid’s
devices automatically in order to test, configure and manage their life cycle.
Nowadays, there are products on the market that are capable of performing these tasks, but
they require the information to be introduced from outside. This means that the next step to be
taken with this type of systems is to incorporate the ability to obtain information by themselves
and to automatically detect devices (plug & play). Furthermore, the devices installed in the grid
of the future will display self-evaluation functions, making a precise calculation of the wear of
the device and any possible failure.
Traditional maintenance based on predictions will become more sophisticated and integrate
more with operation, enabling risk-based operation. In this operation, every action performed within the grid will bring about the calculation of its own impact and of the assets affected.

Storage management
The transformation of the electric generation mix in Spain together with the incorporation of
renewable energy has lessened its dependence on foreign countries, but has created a situation
that shows signs of incompatibility with energy efficiency goals, due to the excess of renewable
generation that is lost when non-manageable renewable energy sources are disconnected.
The incorporation of shock-absorbing storage units between generation and consumption could
be a decisive factor.
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Another major transformation in the electric field will be brought about by the incorporation
of the electric vehicle as a new element of consumption. However, the way in which the vehicle’s
batteries are charged will condition the strain placed on the grid and the system itself.
This situation is opening up new opportunities for action to make electric energy storage feasible, a technologically achievable task that has traditionally not found the right financial framework. Looking beyond the conventional economic analysis and bearing in mind other factors,
electric energy storage could provide solutions to both problems and successfully contribute to
increasing energy efficiency and primary energy saving.
Additionally, the results caused by the tremendous efforts made researching more economical higher density storage systems, as well as the mass use of these systems, will cause costs to
drop and enable their application for network uses.

Electric Vehicle
The main commitment of the EU’s energy policy is the well known 20-20-20, to the achievement of which the electric vehicle is expected to contribute greatly.
Given that transport represents a third of the world’s energy consumption, it is considered to
be one of the most important lines of action to bear in mind in order to improve energy consumption efficiency, as well as being an effective initiative to significantly reduce the emission
of CO2 gases into the atmosphere.
Electrifying transport and increasing the proportion of renewable generation derived from
plans to introduce this type of generation will lead to electric vehicles being run on local renewable energy and, in turn, will make the vehicles themselves assist the integration of this type
of non-manageable generation.
In order to make this possible, it will be necessary to manage electric charging, making sure
it is done during times of greater renewable generation. The energy stored could be used for the
vehicle itself, for individual consumption in homes, or could be returned to the grid to better adjust offer and demand curves.
The 2030 grid will see mass connection of electric vehicles consuming and providing energy
to the grid, with the effects that this added demand will have on the distribution network. Prior
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to installing a network of charging points, a series of studies must be carried out, and a
system will be required to automatically manage and control vehicle charging in order to prevent
network overloads and so that, if a lack of stability is detected, it will stop the vehicles from charging in a controlled fashion, avoiding a possible rebound effect caused by cutting off consumption suddenly.
The electric grid of the future must be able to adapt and progress towards more sustainable
energy models, encouraging technological improvements and infrastructures that will integrate
new technologies such as those necessary for sustainable mobility.

Architecture
The architecture of the 2030 electric grid will be characterised by combining traditional architecture - mesh transmission network and radial distribution networks - with new 21st century
advanced network configurations. The changes in architecture, which will be brought about by
more and more demanding requirements, and which include the need for a generalised increase
in capacity, greater real-time control or the need to anticipate and predict changes in constraining elements and the state of the grid, will take place thanks to the technological progress we
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are already glimpsing today. These changes will be incorporated little by little into the existing
electric infrastructure, meaning that current systems will evolve to gradually incorporate new
technology.

Basic requirements of the architecture of future electric grids
The architecture of the 2030 grid will fulfil the following characteristics:
 It will be more flexible, allowing new generation technology to be easily incorporated
into the electrical system, especially all the varying energy generated from renewable
resources, adapting to changes in the market and to the client’s needs.
 It will be more robust, increasing the safety and reliability of the grid as regards the
current grid, even in predictably more complex operating conditions. Electric grids, as
an essential service to the community, are objects of interest for terrorists and boycotters, meaning advanced security systems will be implanted in the grids, ensuring
the inviolability of information and the safety of the grid itself.
 The transmission network will be able to transfer huge quantities of energy across long
distances, which will probably require specific transmission networks to be combined
with existing ones.
 In the distribution network, the flow of energy will be bidirectional: it will flow from the
resources and distributed consumption points towards higher hierarchic levels (or viceversa, depending on demand and supply conditions).
 It will present a higher degree of observability, providing detailed information of the
electrical system and of the market in real time, making it possible to perform actions
on both systems instantly and in coordination.
 It will be possible to predict, with a high level of reliability, the state of the grid as a
whole, making it easier to use and maintain the equipment, developing the ability to
anticipate incidents and assess the risk of potential situations that may lead to faults,
and guaranteeing a constant high quality flow of energy.
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 End clients will play an active role in the electric grid, with the possibility of participating in the market by managing their own energy. With a highly elastic, resilient and
sensitive, integrated and controlled supply system, the grid will be able to respond in
real time to millions of decisions made by the different agents involved: consumers,
suppliers, operators, etc.
 There will be a fast, safe and reliable communication network between all of the grid’s systems and elements in order to orchestrate its global and automatic operation.
 There will also be, spread throughout the electric and communication network, independent and intercommunicated systems responsible for controlling network quality
and reacting in the event of unforeseen situations, etc.

Dimensioning of architecture
As a consequence of these demanding future requirements, the evolution of the architecture
of transport and distribution networks will be developed conceptually in three basic dimensions:
 Evolution of the system towards a “macro-system”. Large electric systems will progress
by being interconnected with each other, provoked by the growing dispersion of primary
renewable resources, which will be sought in our own environment, in Maghreb (potential producer of solar power), or in the North Sea (with considerable wind resources).
The need for primary resources will, therefore, encourage interconnection between European systems and North Africa, forming the Mediterranean ring, the development of
the North Sea’s off-shore network or a possible future union with Russia. In Spain, a
transport network will join all four cardinal points and will have a high interconnection
capacity with France, Portugal, Morocco and, eventually, Algeria. This network will represent a backbone able to balance electricity supply and demand on a national level,
and will be the main pathway for the development of the “Supergrid” concept, which
will continue beyond 2030. In short, present systems will evolve towards a more complex macro-system that will require greater coordination between its different agents.
 Fragmentation of the system into “micro-systems”. Distribution networks, with the introduction of distributed generation elements, the development of active demand management systems or the appearance of microgrids, will evolve towards more and more
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complex active micro-systems. Distributed generation and consumption systems would
then be integrated in the new grids, which, particularly in cities, will be reinforced
due to their high degree of automation and flexibility.
 Transformation of the current “mesosystem”. The current network will be transformed
by the invasion of new technology, ICT, power electronics, storage, new materials,
sensors, etc. Transmission and distribution networks will become highly automated in
their operation, protection and control along with the development of technology considered to be essential and which is discussed in more detail in the “Technology”
section below.
These three tendencies in the evolution of the electric system will provide an insight into the
architecture of the transmission and distribution networks of the future, and help identify the
most significant technological challenges and provide them with the right characteristics to successfully complete this transformation. To achieve this, in order for electric grids to develop technologically, they require technological progress in a great variety of fields.

Fields of progress for architecture
The architecture of the grid of the future will promote a variety of technological lines. Among
the most significant are:
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 The types of equipment the system uses for existing electric supply (lines, substations
and transformers) will evolve and adapt to the incorporation of new technology; this will
increase the efficiency, quality and security of existing systems and will enable evolution towards the new architecture of the electric grid in areas with higher generation
and demand requirements. The outcome will be an improvement in energy supply efficiency and in market operations, as well as a high quality network.
 New measuring technology installed at the final consumer level must take into account
their dual function (as a consumer and as a generator); this ensures that the consumer is incorporated into the energy model as an active element. In the same way, the
measuring equipment, or similar, must guarantee the implementation of energy efficiency models capable of promoting a rational use of energy.
 A new concept of grid development will be defined, providing alternatives to the construction of new infrastructures and to the development of a larger mesh. These alternatives will be based on the growing use of power electronics technology, including
controllers, converters and high power regulators, which will additionally enable the use
of direct current lines for power distribution. These new elements allow a greater control which will be needed for the operation of the future grid.
 The grid will be more automated: the distribution network will be given the same degree of monitoring and control that the transmission network has currently. This will
simplify the management of bidirectional flows of information and electricity between
the different points of the distribution network. Its distributed intelligence, together
with the advance in communication and a great automation, will make it easier to perform market operations practically in real time, as well as to transmit information regarding its situation to the elements of the network (active consumers, distributors
and generators).
 Its recovery capacity will increase in order to quickly and independently regain system
stability after an incident.
 This architecture, based on the incorporation of information and communication technology, will enable a system operation that will guarantee its maximum stability, reaching high levels of reliability, safety and self-recovery.
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Technology
The electric system we know today was designed at the beginning of the 20th century and
many of its main components (generators, transformers, lines, motors, etc.) have undergone few
changes in design since then, although it is true that there has been some technological progress,
such as improvements in efficiency, loss reduction and greater control.
The main technological progress that will enable us to reach the strategic goals proposed is
the following:
 Information and communication technology (ICT)
 Power electronics
 Storage
 New components: materials and sensors

Information and communication technology (ICT)
The incorporation of increasingly complex information systems to operate, protect and control electric transport and distribution networks will lead to the creation of telecommunication networks intertwined with electric grids.
New communications will make it possible to connect the various components of the electric sector in open and standard architectures, which will provide real-time information allowing
all elements to “listen” but also to “talk” at once.
In the electric grid, equipment from different technological phases will co-exist, but the implementation of a more intelligent supply system, with safe and integrated communication
systems, will characterize a more modern electric grid.
New, more decentralised and flexible electric grid configurations, able to integrate new energy
generation and storage elements will require the development of new decision analysis and support models in a more distributed and cooperative way.
Grid operators and those responsible for the electric system will see how their responsibilities are transformed: they must be able to manage more variables than they do now, and they will
witness a change in the relationship between suppliers and users.
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Certain functions must be covered, such as system design regulation, planning, operation
and control, as well as simulating different time scales (long, mid and short term). Similarly, the
institutional and organisational relationship and the financial and physical relationship between
the agents implicated in the system must be taken into consideration. Below is a list of some of
the challenges for the development of these models:
 The size of the systems, with various active agents: distributed generation,

microgrids,

control

elements, FACTs and interactive
demand.
 The ability to manage, store and
deal with a very high volume of information generated by the increased ability to observe and control
the grid and the agents connected
to it. Currently, electric magnitudes are sent from substations to
control systems every 3 to 4 seconds. With the implementation of
synchrophasors, they could go on
to be sent in milliseconds.
 The use of algorithms to obtain
models from data and from the
discovery of useful behaviour patterns for prediction, anomaly detection or planning. For example,
new algorithms for analysing time series and sequences of events can assist these fault
prediction and anticipation tasks as well as consumption estimation. Tools for timespace correlation will help analyse the propagation of events in the grid and help study
the coordination of protection devices or the performance of wave quality studies. Another very helpful element is the creation of user profiles for the electric company’s internal use, enabling a clearer focus on and identification of consumption patterns and
areas where they can be improved to achieve greater energy efficiency.
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 The development of new software architecture able to support processing mechanisms
for this amount of information in real time and near real time conditions.
 Distributed decentralised logic, based on intelligent agents with local functionality,
but integrated by means of new communication networks with decision making abilities, to maintain the efficiency and safety of the whole system. Mechanisms for the coordination and/or assignment of auction-based resources, for example, for active
demand management.
 Integration of different energy resources as well as interaction, dependence and vulnerability of the different communication and supply networks (electricity and gas).
 The different modelling and simulation methods of the system’s agents, linked to the
different problems to be solved: designing rates and prices, investment planning, market simulation and interaction with networks, operation and control, safety and stability, monitoring and management of the systems’ life.
 Probabilistic characterisation of the elements in the grid and their interaction with
other elements and with the common affecting factors, as a basis for predictive maintenance policies based on component reliability.

Power electronics
Present-day alternate current transmission networks were not conceived in their time to be
able to easily control the energy flow and voltage of a liberalised market. The result is that they
present permanent control problems, as well as problems with dynamic stability. The development
of FACTs (Flexible AC Transmissions Systems) and DC (Direct Current) systems based on high
power electronics provides a powerful new means to successfully face new challenges.
Generally, FACTs devices are well developed and are being gradually introduce into transmission networks. In the scenario we are looking at, all the technical and economic barriers will have
been overcome, enabling a new mass implementation which will allow a greater control over static
and fluctuating power flows, will increase network safety during rises at critical times, will reduce
network fluctuations or reactive power flows, reducing the number of voltage drops and allowing a
greater capacity for active energy circulation in the system, among many other applications.
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In distribution networks, new equipment based on power electronics will be widespread, in
applications such as voltage regulation, reactive compensation, short-circuit power limiters, switches, etc. These applications will depend on the development of semi-conductors with good features in terms of the level of voltage they can stand.
High voltage direct current systems (HVDC) have been used for over 50 years. Their field of
use has been the transmission of energy over very long distances in overhead lines, interconnection via underwater cables and connection of electric systems where traditional alternate current
connections cannot be used. Bearing in mind the concept of supergrid mentioned earlier in the
grid architecture section, and the development and maturity of off-shore technology, this technology is indispensable in order to configure the grid of the future.
These devices situated in the transmission and distribution networks must be coordinated
among themselves and, also, with the rest of the control devices, such as phase shifters or the
power electronics devices found in renewable generation.
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Storage
Energy storage will play a key role in the future design of the electric grid, since stationary
storage systems minimise the effects of fluctuation in the penetration of non-manageable energy,
such as renewable energy, and stabilise the supply curve.
Among the energy storage technology available, the use of hydraulic pumping plants is the
most technologically mature. However, its disadvantages include high capital costs, lengthy implementation and high environmental impact. But above all, it is a technology that depends on
the conditions of its location. This location limitation is even greater in compressed air storage,
since it requires particular geological formations.
There is no technology that offers universal solutions, but rather each one has specific applications. There are three families of applications depending on the discharge time of the device. There are applications that focus on providing power and others on energy supply. Therefore,
the choice of one technological solution or another will depend on the specific application it
aims to resolve.
In the year 2030, various concepts will become a reality, such as the following examples of
storage uses:
 Large-scale storage for renewable energy manageability. The evolution of other storage
techniques, such as compressed air, inertia flywheels, enthalpic storage, all kinds of
batteries, etc., will begin to provide systems that are fully able to offer the regulation
and stabilisation of a high quality energy supply.
 Storage linked to the distribution network. In company or client transformation centres,
linked to distributed minigeneration.
 Intermediate storage as an interface between the distribution network and electric vehicles. These will be higher capacity storage devices between the network and the vehicle with which to perform energy arbitration.
 In rural areas, there will also be storage techniques for potential energy by means of
an optimal use of hydraulic, wind and solar resources.
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 The progress made in more efficient systems, such as micro-CHP systems, combined
energy generation elements for electricity, heat and cold, will increase the number of
systems in domestic, tertiary and industrial sectors.

New components: materials and sensors
It is essential to develop materials and sensors that are able to simultaneously evolve, update
and implement new conductors to allow the development of the grid of the future. In this sense,
nanoscience is revitalising the development of new ceramic, metal and biological elements, etc.
It is also important to consider the creation of new conducting materials, with the capability to
distribute large densities of energy with very little loss, at reduced volume and weight, very manageably and at low cost.
The scope of the future grid’s features will depend on the possibility to transmit large amounts
of energy. Superconducting systems would enable this transport by means of compact underground channels, or the distribution of energy in large urban areas with minimal voltage drops and
losses, reducing contaminating emissions and the area of land used. Technology based on high
temperature superconductors would be used in generators, cables, transformers, motors and storage devices, as well as in any piece of equipment that provides greater flexibility to the system
(e.g. fault current limiters). However, an added challenge is that of developing auxiliary storage
systems, as well as elements that assist in the maintenance of these infrastructures and that will
provide technical-economic feasibility for applying these superconductors.
Another very interesting line of work is nano-coating. This type of coating applied as paint to
different electric system devices will improve their characteristics. Let us think, for example, of
electric insulators in very cold areas or near the coast. Both corrosion caused by sea salt and ice
formed during winter cause a loss of insulation that negatively affects the system’s operating limits. Similarly, the running of electronic equipment is improved when it is more resistant to corrosion, dirt or other harmful elements (fungus, insects, solar radiation...).
Regarding sensors, the next few years will bring a boom in the use of new techniques. We can
safely say that the operation of the electric system lies in capturing electric signals by means of
passive analog collectors (transformers) and mechanical detectors for changes in state (input
and output of primary equipment).
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Currently, there is optical/electronic technology that enables active collection of a digital (not
analog) measurement, which allows us to automatically add all the advantages of the ICT world.
In this section we would like to mention DTS (Distributed Temperature Sensor) devices that use
optical fibre to gather parameters such as the temperature of an element.
In this section it is important to mention smart meters, which will make it possible to obtain
real measurements of electric parameters in near real time. So-called smart meters are one of the
essential devices to enable an electric grid to be referred to as a Smart Grid. In some countries,
aid is currently given so that electric distributors can invest in installing smart meters (such as
the USA Smart Grid Investment Grants, which are financing the installation of 18 million meters),
and changes in legislation, making installing them compulsory (e.g. in Spain, before the end of
2018, and in Europe, installing 80% of these meters before 2020). As regards residential clients,
smart equipment - Smart Home Devices - is expected to be installed in their own homes. These
devices will encourage bidirectional communication between the electric company and the end
client. Among their tasks, they are expected to send price signals to clients as well as sending a
variety of information accumulated on the client’s consumption in real time.
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6. Analysis of barriers and elements
that favour the electric grid change
in 2030
Below we have identified some of the elements that interact with the electric grid and which,
depending on their evolution, can hinder or encourage the change that will make it possible to
achieve the strategic goals set out in the proposed time scenario:

Energy policy
The energy policy adopted will considerably determine the configuration of the electric sector for the coming decades. In the case of Spain, this policy is completely in line with the European Union’s energy policy: the three main objectives of the European energy policy are
sustainability, supply security and competitiveness,2 and they support the goals that the Union
has set itself for 2020 in order to guarantee energy supply while at the same time reducing greenhouse effect gas emissions:
 The European Union’s emissions must be reduced by 20% with respect to the figures
in 1990.
 20% of total energy consumption will come from renewable energy sources.
 A saving of 20% on primary energy consumption must be made as regards projected
values for 2020.

As favourable elements:
As has been mentioned, the ambitious energy policy goals themselves should become the
main promoters of change in the electric sector, and therefore, in electric grids. An energy policy developed by suitable regulations would encourage the boost required for these changes to
take place in the business model, and which must take place on four levels:

2. European Commission’s green paper: “A european strategy for sustainable, competitive and secure energy”.
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 asupporting the technological progress necessary for future grids,
 measures for the development and deployment of the electric infrastructure,
 measures that will guarantee the safe running of the grid,
 adopting measures that will develop the market and the end user’s participation.
Within this context, some initiatives regarding smart grids have been produced by regulating
bodies that could encourage a new scenario in the Spanish Electric Sector:
 The Electric Sector Act envisages the creation of demand management programmes.
 The meter replacement plan, launched in 2006 by Spanish Royal Decree RD 809/2006,
which establishes that new measurement devices to be installed up to 15 kW and those replaced must enable time differentiation and telemanagement, and RD 1634/2006, which
establishes the replacement plan for all meters in Spain during the period of 2008 - 2018.
 Support for the electric vehicle shown by the Spanish Ministry of Industry, Tourism and
Commerce, with initiatives such as the “Movele” Project (Barcelona, Seville and Madrid)
aiming to have 250,000 electric cars by 2014.
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This still insufficient support could increase in the future, as is envisaged in the Sustainable Economy Bill, which states that “the Administration will approve programmes and take the
necessary steps to encourage the development of smart grids.”

As barriers for change:
The role of the regulator is to guarantee that the effect on the regulated activity or service is
positive for its end user, for which it can resort to direct regulation or regulation by incentives.
Nevertheless, the inappropriate writing of the regulations could lead to preventing the sector’s natural progress.
Network operators (carriers and distributers), for their part, and taking into account the regulated nature of network activity, will only implement smart grids insofar as there is a compensation framework that will guarantee the correct recovery of investments, bearing in mind the
existence of technological risks and firt-mover.
In this context, an excessively conservative approach could turn into the greatest barrier for
the development and deployment of the grids of the future.
Lastly, it is important to point out that there are other regulatory barriers that could significantly delay the deployment of smart grids, such as those derived from administrational obstacles.

Impact of the electric grid on Energy policies:
In this context, the grids of the future are a backbone element for a sustainable, safe and
competitive electric sector. This role has been acknowledged in the 2009/72/EC Directive, better known as the EU’s Third Internal Market Energy Package, which declares that all Member States “shall strongly recommend that electricity undertakings optimise the use of electricity (...)
introducing intelligent metering systems or smart grids”.
Nevertheless, this acknowledgement of the key role of electric grids in energy policy, and the
specification of said policy in the various regulatory developments, could become the definitive
catalyst for developing the vision of the future grid, or, on the contrary, it could evolve as a barrier hindering that vision.
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Technology
In recent years, technological research and innovation has opened doors towards the development of the future electric grid, and it will continue to be a decisive element in its future evolution.
Undoubtedly, technology as an integrating element in the electric grid itself will play a significant role in defining and configuring it.

As a favourable element:
In previous sections, we have detailed a series of technological developments that are necessary in order for us to establish ourselves in the 2030 scenario as described, but which depend on us overcoming some uncertainties that must be addressed.
Industry, supported by a network of research centres and universities, in a constant search
for new products and improvement in existing processes, constitutes one of the most important
elements in redefining the technological outlook.
Without wishing to go into a detailed analysis of each type of technology considered, we will
discuss those elements that make each of the 4 strategic technologies mentioned above a favourable element for the 2030 electric grid:
 Information and communication technologies (ICTs): ICTs applied to the electric sector, as well as the development of new energy related technologies, help process control and automation, improve efficiency and help reduce costs. Consequently, they also
simplify the design of products and their large-scale implementation.
 Power electronics: In transmission networks (FACTs) and Distribution networks: it can
carry out tasks that would enable direct control over all the parameters that define the
grid, allowing ad-hoc operation in response to the needs of each situation and maximum exploitation.
 Storage. It will enable maximum manageability of the generation obtained at any one
time and will make the most of excess renewable generation caused by the imbalance
between supply and demand.
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 New components. Materials and sensors: since this is a horizontal element, it will promote change based on the above-mentioned technology and will provide an increase
in the limits set (increase in capacities) and knowledge of the unidentified latent ability (new sensors).
Every uncertainty that is overcome will represent a favourable element towards achieving the
strategic goals set.

As a barrier for change:
Technology could also become a barrier for change if the current technical uncertainties in
each of the technological lines mentioned above are not resolved, making it technically impossible to progress. Similarly, it is also necessary to simplify progress, making it commercially feasible. If cost is not reduced or profitability increased with additional features, its implementation
would be fruitless and commercially immature.

Impact of the electric grid on technology
The 2030 electric grid has been described as a smart grid where energy flows are managed
and optimised in real time according to decisions made by the main players involved: consumers, suppliers, operators, etc. Generally, any element connected to the grid should evolve and
adapt to the new functions the grid is intended to carry out.
This way, the growth of the future electric grid can become a technological platform that will
encourage the development of much more technology that will add to the grid and bring about
other energy services, such as electric vehicles, smart meters, energy management systems, etc.

Sociological and training factors
Currently, there are important elements brought about by sociological factors. One of the
most important is caused by mass mobilisation towards cities and away from the countryside. In
2007, the number of people living in cities finally surpassed those living in rural areas. Approaching 2030, over 60 per cent of the world’s population will live in cities. But with the growth of
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cities and of economic systems, the number of challenges is also increasing. A key matter in this
context is the load that urban infrastructures have to bear.

As a favourable element:
The concentration of demand due to the massification of cities represents a favourable element for grid development, since a response must be given to the quality of life that society demands. In the electricity sector, this response is a reliable energy supply.
An increasingly critical aspect is mobility. In this sense, there is a feasible solution that we
have already mentioned and that must be borne in mind: the deployment of public and private
electric vehicles supplied directly by the Grid, meaning that primary fuel can be optimised thanks
to the concentration of electrical generation in systems designed for different services, while still
aiming to improve performance and efficiency.

On the other hand, the increased energy demand brought about by globalisation could represent greater energy costs, which may cause social habits to change. This, together with the
insertion of control technology in the domestic field and domestic distributed generation, may modify the characteristics of demand.
Another consequence of this increased interest and involvement is greater knowledge, dissemination and repercussion of matters that affect the electric system and, consequently, an increase in its appreciation. More specifically, this can enhance its consideration as a professional
field and attract new professionals towards it. This, in turn, has an impact on educational factors that may affect the Grid.
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Here, an important development is the Bologna process and the penetration of the European
Space for Higher Education. Essentially, it represents a European convergence when it comes to
accrediting different university qualifications and, therefore, should encourage professional mobility, particularly, in relation to the electric system, where the underlying technology is relatively
homogeneous and where there is a growing trend towards European interconnection.
In terms of the social acceptance of some technology, it is important to underline the results
of the survey carried out by the European Union during the Spanish presidency in 2010 under
the slogan 2030 Challenge, which reflected the social interest shown in energy storage.

As a barrier for change:
A barrier for change in terms of social economic factors would arise if society’s behaviour were
not to adopt a more important role and more active participation in the energy network. It is necessary for society to gain awareness and demand mechanisms that will permit more efficient consumption. Otherwise, Smart Grids will never become a reality.
Privacy restrictions regarding data gathered by the new smart meters, and made available to
the electric system’s various agents, will constitute a considerable barrier to achieving this
change, a fact which can already be seen in Holland and more recently in Germany. This is why
national authorities must exert a high degree of regulation on this subject.
As regards qualifications, a change such as the one required must be supported by trained
professionals in the different disciplines involved. This will require professionals with a high degree of specialisation, but also with a multidisciplinary outlook on the sector; open to change, able
to take on new concepts in an environment with a high degree of technological integration and
interaction.
We must take into account the possible danger of rigidity in the restructuring of the space
for higher education. This could, for example, hinder the incorporation of new electrical technology, which the Grid will no doubt require, into its teaching programmes. For example, equalling
the current degree in Industrial Engineering to the new Masters in Industrial Engineering. By
putting them both on a par, the new Masters course will probably have a somewhat generic content with little room for specific subjects on the Grid, and a consequent deficiency in the teaching
of its technology. The same occurs with Telecommunication and IT Engineering.
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Another possible barrier for training is the lack of interest shown by university students in
scientific and technological degrees, which translates into a relatively low number of inscriptions
and a relatively high dropout rate. In the midterm, this means a reduced number of available
professionals, which is why a special effort must be made to raise awareness of the opportunities the sector has to offer in terms of professional development in its entire cycle, from generation to consumption, and demonstrating new business opportunities.

Impact of the electric grid on sociological and training factors
The impact that the electric grid will have on sociological factors will be brought about by the
large number of services it will provide to society in an attempt to improve consumption and
make it more efficient, meaning society will gain consciousness as a qualified consumer and
take an active part in the electric sector.
Training must respond to society’s demand for specialised professionals in the electrical sector in all of its technical branches, according to the concept of energy management efficiency.
An important factor that could act as a barrier or a true change-boosting element is the link
that must be made between expectations and reality. The negative consequences for the electric
sector would be a disappointing investment performance and subsequent political reaction. The
rhythm and eventual success of evolving towards a more intelligent network in the future depends on narrowing the possible gap between the two perceptions.

Market factors
The market is ultimately responsible for guiding the development of the grid according to
its needs.
Cities are the driving force of future growth due to their increasing financial importance, but
they are also large consumers of natural energy resources and are responsible for most of the greenhouse effect gas emissions. Therefore, from an energy point of view, it is essential to create a
sustainable and efficient infrastructure for buildings, traffic, and energy and water supplies. Only
then will it be possible to keep up the quality of life in cities and guarantee competitiveness, while
at the same time respecting natural resources and the environment.
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As a favourable element:
Predictions indicate a large growth in electrical consumption and in the power of installed
renewable energy. These two factors mean that we must necessarily incorporate new technologies
and processes that will make it possible to optimise the entire electric system.
Another favourable element is the consumer’s active participation in the electric market demanding new services.
On the other hand, the systems connected to the grid are changing, which poses new challenges both in service continuity and quality. Socially, supply failures are becoming less and
less acceptable, which is reflected in the automation of the grid to produce a reduction in the
SAIDI3 which has gone from 5 hours in the early 90’s to less than 2 hours at present. This decrease is asymptotic and requires changes in architecture and incorporation of technology to continue to reduce it.
Furthermore, electronic systems are being incorporated into the grid, both in consumption
and generation, as well as a large amount of renewable generation along with its subsequent variability, posing new challenges to improving the electric signal.
The commitment to keeping up supply quality must not waver, which is why competitive
technological deployment must be undertaken in order to guarantee this quality and flexibility without compromising user comfort.

As a barrier for change:
The necessary changes may be limited or slowed down if the end client does not gain importance in the electric supply chain. Without a greater and more dynamic consumer participation in the running of the electric system, it will not be possible to maximise the benefits of
implanting a smart grid.

Impact of the electric grid on the market
The electric grid will encourage the activation of more competitive markets, and clients will dutifully acknowledge the advantages. Efficient public vigilance and some well designed markets will
3. SAIDI: System Average Interruption Duration Index
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minimise problems. Electric transport and distribution will operate under common, consistent and
stable European regulations, taking into account national government, autonomous communities,
industrial associations and groups of public interest that will strengthen business practice and ensure consumer protection.
It will enable the performance of market operation in near real time, optimising electric power
supply and demand, as well as transmitting information on the state of the grid’s different actors,
such as active consumers, distributors and generators.

Environment
There is no doubt that the importance of environmental aspects has increased exponentially
in recent decades. From a general perspective, there is a clear growth of what is known as “green
awareness”, whereby society’s appreciation of matters related to a possible climate change increases, becoming more conscious of renewable energy sources and technology that could mitigate the change, appreciating their implementation, and eventually even demanding them to
be used more.
It is possible to identify some generic aspects related to the environment - which are undoubtedly interrelated - that are the focus of the population’s concerns and that will have special repercussion on the evolution of the electric sector over the following years. On the one
hand, climate change and the exhaustion of natural resources are problems that can essentially
be fought by reducing CO2 emissions and increasing energy efficiency, which is why these actions must be encouraged. On the other hand, the debate regarding nuclear energy, which appeared to have been forgotten in recent years, is now being raised with discussions on
increasing the useful life of nuclear power plants or the location of nuclear graveyards; the importance of nuclear electric power is essential for supply security, although political factors influence the decision.

As a favourable element
The increase in the power of renewable energy installed will require the incorporation of new
technology to make the electric grid more flexible.
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The so-called climate change and the regulations that are consequently being developed by
different authorities are seen today as the main driving force for change.
Reducing CO2 emissions in cities is essential for a successful fight against climate change.
Climate protection must begin in cities. But the fact that the causes of climate change are so significantly concentrated in urban centres also has a very positive effect: here, climate protection
measures can develop their full potential much more satisfactorily than in rural areas.

The electric vehicle will also benefit from the necessary improvements in the distribution
grid, due to the reduction of CO2 emissions that its use entails in comparison with combustion.
The exhaustion and increased costs of fossil fuels, the lack of which not only affects Spain,
but practically the entire European Union, causes a huge energy dependence on geopolitically
unstable areas. This leads to mass development of renewable energy plants. And, although
these plants currently subsist thanks to public aid, with the expected technological progress
and the increased cost of raw materials, they will become profitable in a reasonably short period of time.
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As a barrier for change
The main Environmental aspects that could become barriers for the changes proposed in
electric grids are linked to consumption habits and the perception that the population has of
electric power. If this does not change, the boost that is needed to make the changes the Environment requires will not be given.
Over the past few years, most of our society has grown accustomed to comfort levels it is not
willing to give up easily. This will hinder the modification of energy consumption habits, though
this reluctance to change does not mean that the user is unaware of the true cost of energy.

Impact of the electric grid on the environment:
A more environmentally-friendly transmission and distribution of energy will be achieved by
integrating criteria for environmental impact reduction and sustainable development in infrastructure plans, as well as in their design and implementation. The flexibility brought about by the
electric grid will enable the optimal integration of more renewable energy together with a greater
consumption of electricity. This will provide society with a more environmentally friendly, low emissions electric supply.
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7. The electric grid as a driving force
for national competitiveness

Bearing in mind what we have laid out in this document, there is no doubt that 21st century society will be completely “electrified”, and that the competitiveness of almost all the activities of a country will largely depend on the availability and efficient use of electricity as a
basic resource.
A superficial analysis of the countries in our region clearly shows the direct link between financial development and the efficiency of the electric infrastructure.
One fact that must be emphasised is that the strategy a country applies to the design, development, evolution and implementation of its infrastructures, and especially that of its electric
grid, has a direct effect on its financial development.
Generally, in this strategy, political decisions have a decisive effect. In the case of electricity,
this is a very important factor, since it is, for the most part, a regulated sector.
Therefore, efficient coordination between all agents is needed in order for the profits to be
optimal for national economy, applying an “integral” treatment to the process, from planning to
maintenance of the large investments that will doubtless be necessary.
With this document, the aim is not only to lay out the technical advantages that having an
electric grid adapted to their needs will have on Spanish society, but also to draw the reader’s attention towards the importance that the appropriate management of its evolution will have for
Spanish economy.
Each country has developed its electric grid according to its needs, but while some have
simply resorted to building it and importing most of its elements, others have made the most of
this opportunity to develop the necessary technological and industrial progress, which is the basis
of economic groups of worldwide importance.
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The Spanish grid is the result of a whole host of mergers and acquisitions, which entails the coexistence of various types of systems. The average life expectancy of a system is more than thirty
years (provided the assets incorporated are long-lasting or, in other words, “good quality”), meaning
this diversity will go on for a long time.
The adaptation of these investments to the requirements of the grid we have described in this
document will entail different costs depending on the availability of equipment and solutions that
adapt to these characteristics, or whether they will have to be met with “standardised” elements intended for a different type of business.
Given the variety of sectors the electric infrastructure affects within the economic value chain,
some of them will be analysed separately.

In the electric sector
Due to its geography and history, Spain has a series of characteristics that require complex solutions. If we have to apply equipment and solutions that are not suitable for these characteristics, considering the time and cost of installing them, this could make some systems
non-profitable. The achievement of the European 20-20-20 goals and the development of the infrastructure for the grid described in this 2030 strategic vision require a huge investment, which
could vary significantly depending on the degree of technological independence we have.
Some examples of investments that are sensitive to this factor include:
 The deployment of a new transmission and distribution structure that will enable the
integration of the new generation produced by renewable sources, which will keep up
the necessary levels of stability and service quality once the 20% goal has been achieved, as well as a greater interconnection between countries that will strengthen the
grid, and facilitate access for the energy generated to international markets.
 The infrastructure needed to improve efficiency by 20%, reducing losses and dynamically adapting the grid to new uses such as the electric car, for example.
 The use of renewable generation sources, which will make it possible not only to achieve
the goal of a 20% CO2 emissions reduction, but also to reduce Spain’s energy dependence, avoiding risks such as changes in currency or political instability in our region.
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An important aspect which is necessary for the implementation of the smart grid is the deployment of communication and data networks that, by integrating into the current grid, will enable the necessary forms of exploitation with which to face the demand of a market made up of
active users.
All the development described requires the promotion of current national resources over the
entire value chain, from university training to resources in product and service companies that,
when the time comes, will provide the right solutions to the grid’s management needs and to the
new business models, safely and reliably sustaining the electric system and its development.

In the user
Both on a residential and industrial level, the new grid involves active user participation.
The availability of different generation
sources connected and controlled in real
time will make for a dynamic electricity
market with offers that directly link generation cost to sale price.
Smart measuring systems will enable
flexible rates, through which each user will
be able to adjust consumption to their real
needs, and will grant the system the possibility of charge management that will minimise losses and better control the need
for investment.
Furthermore, a growing number of traditional consumers will become producers,
as importers and exporters of electric
power.
Additionally, the storage systems that
are expected to be deployed in the future
not only in the grid’s infrastructure, but
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also at individual points of consumption - will optimise the use of generation from renewable
sources and of consumption, providing the system with more flexibility.

In national economy
Efficient coordination and planning of all the agents necessary for the current grid to evolve
into the grid described in this document will have an immediate effect on national economy.
As an example, we can list some of the most valuable generation opportunities:
1. Generation of knowledge on electric grid technology. Generally, in every country there
is a shortage of experts, since the number of retirements cannot be compensated for
by the number of university graduates.
With the right planning, there is a possibility not only of satisfying our own needs, but
also of turning this knowledge into a globally valuable “product and/or service”.
2. Optimisation of investment. If our leadership in this knowledge is applied correctly, we
will not only be able to be a step ahead in the creation of innovative products and solutions, but we will also be able to more efficiently plan the investment needed for our
grid to evolve.
3. Greater productivity from our electric system. A much stronger grid, brought about by
the introduction of new infrastructures (mesh), new architecture and additional generation elements, requires the implementation of new communication systems that are
necessary for real-time monitoring and control. In addition to guaranteeing service quality, this will provide the means to reduce loss and exploitation costs.
4. Boosting the technology industry. The new technology and products needed to develop and deploy the grid’s infrastructure represent a clear industrial opportunity. Good
national planning and coordination, collaboration between technology users and suppliers, duly supported by the government, would not only favour the innovation of products and services, but would also make these solutions available sooner, providing
competitive advantages for users and manufacturers, which would increase their possibility of accessing foreign markets.
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Therefore, it is essential to the “competitiveness” of the entire process for Spain to have the
necessary knowledge, resources, solutions and equipment to efficiently satisfy the specific requirements its electric grid will need to evolve into the grid of the future. This competitiveness
will not only lead to the availability of solutions all over the country, but, thanks to its technological leadership, will also enable these solutions to spread to an international level.
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