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Abstract

This dissertation investigates the interface between technology and society in the emerging electricity
systems and in particular the role of the energy prosumer in the energy transition. It contributes to the
understanding of the role of consumers in emerging electricity systems within the current EU energy
policy context where consumer active participation is regarded as "a prerequisite for managing the energy
transition successfully and in a cost-effective way". Emerging energy systems are characterized by a high
level of complexity, especially for what concerns the behaviour of social actors. Social actors interact
through physical and social networks by sharing information and learning from one another through
social interactions. These interactions determine self-organization and emergent behaviours in energy
consumption patterns and practices. I argue that the best suited tool to study emergent behaviours in
energy consumption patterns and practices, and to investigate how consumers' preferences and
choices lead to macro behaviours is agent based modelling. To build a sound characterization of the
energy prosumer, | review the current social psychology and behavioural theories on sustainable
consumption and collect evidence from EU energy prosumers surveys, studies and demand side
management pilot projects. I employ these findings to inform the development of an agent based
model of the electricity prosumer, Subjective Individual Model of Prosumer — SIMP, and its extended

version, SIMP-N, that includes the modelling of the social network.

I apply SIMP and SIMP-N models to study the emergence in consumer systems and how values and
beliefs at consumer level (as defined by social psychology and behavioural theories and informed by
empirical evidence) and social dynamics lead to macro behaviours. More specifically, I explore the
diffusion of smart grid technologies enabled services among a population of interacting prosumers
and evaluate the impact of such diffusion on individual and societal performance indicators under

different policy scenarios and contextual factors.

The analysis of the simulation results provides interesting insights on how different psychological
characteristics, social dynamics and technological elements can strongly influence consumers' choices

and overall system performance.

I conclude proposing a framework for an integrated approach to modelling emerging energy systems
and markets that extend the SIMP model to also include markets, distribution system operator and the

electricity network.
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1 Introduction

1.1 Motivation

The motivation for this dissertation is to better understand the interface between technology and
society in the emerging electricity systems that is still surrounded by a poor understanding of its

complexity and of the multiplicity of actors and perspectives at play.

The present system of energy supply and demand will need a significant change in order to address
the three major challenges of European energy policy: sustainability, security of supply and
competitiveness while guaranteeing energy equity. The increasing integration of renewable energy
resources and the transitioning of the energy system to a more sustainable one pose challenges to the
society at large. Specifically the active role of the consumer is fundamental in this transition. I argue
that to address energy transition and the role that consumer will play in this transition a complexity

science approach is needed in order to explore the multiplicity of actors and perspectives at play.

In order to explore this paradigm shift I will start by introducing the EU energy policy context and
specifically how the consumer is presented in the EU energy policy documents (Chapter 1). Then I
will proceed to introduce how complexity science may help in shedding light on the transitioning
energy system and more specifically in exploring the role of the consumers in this transition and how
the exploration of emerging behaviours may provide insights for policy making (Chapter 2). Then I
will proceed to present theories and models of consumer behaviour and evidence from EU studies,
surveys and smart grids pilot projects on consumer attitudes, preferences and concerns on emerging
electricity systems from the individual and collective point of view (Chapter 3). Based on the findings
of Chapter 3, I will present an agent based model of the electricity prosumer when exposed to several
energy contracts (Chapter 4). I will analysis how social networks may influence consumer decision
making processes and final energy choices (Chapter 5). In Chapter 6 I will introduce a framework for
an integrated approach to emerging electricity systems. In Chapter 7 I will summarize the main

conclusions of my research.

I see my thesis as a contribution to the ongoing discussion on the central role of the energy

consumer/prosumer in the EU transition to a more sustainable energy system.



1.2 Political context

1.2.1 EU energy policy context

Energy policy is undoubtedly one of the most important and urgent EU political issues today. Being
inherently linked to climate change and involving an array of actors at different levels (national and
multinational) motivated by different interests and agendas, it can be considered one of the most
complex issues at EU level, thus deserving high priority in the EU political agenda (Langsdorf, 2011).
Indeed, energy policies at EU level and an integrated internal energy market are essential for the
enhancement of energy security in the EU leading to better prices due to enhanced competition and

increased integration of renewable energy resources.

Despite these advantages, the progress towards a common energy policy was limited in the first
decades of European integration. Studies on the politicisation of the EU energy policy argue that
“energy policy has been usually interpreted as a bilateral consumer-supplier relationship, with scarce
consideration for either coalition-building strategies within EU ore more responsible energy use at domestic
level” (Ciambra, 2013). The progress made with the first legislative package - Directives 96/92/EC
concerning common rules for the internal market in electricity and Directive 98/30/EC on common rules for the
internal market in natural gas - was mainly based on internal market and environmental regulations of
the EU Treaties. Neither the “Treaty of Amsterdam” (1999) nor the "Treaty of Nice" (2003) brought

major advances for a common energy policy.

Major advances for common energy policy came only in 2007 when EU heads of state and government
endorsed the first EU “energy action plan” that resulted in the Commission’s “An energy policy for
Europe" strategy (European Commission, 2007) that laid down the three major challenges for
European energy policy: sustainability, security of supply and competitiveness. The action plan was
followed by changes in the EU legislation. With the Lisbon Treaty (1999) a new part on energy was
added to the Treaty on the Functioning of the European Union (TFEU) with article 176a in Title XX
(Title XXI with article 194 in the consolidated TFEU). The article reads: "In the context of the

establishment and functioning of the internal market, (...) Union policy on energy shall (..):

¢ ensure the functioning of the energy market;

e ensure security of energy supply in the Union; and

e promote energy efficiency and energy saving and the development of new and renewable forms of
energy; and

e promote the interconnection of energy networks".



The insertion of the title in the Lisbon Treaty specifically on energy relates a European Union’s push
toward a harmonized common energy policy and represents a huge step forward towards a common

energy policy, explicitly promoting energy efficiency and energy savings as key elements.

An array of new legislations followed with the Third Energy Package (2009) (European Parliament
and the Council, 2009b; European Parliament and the Council, 2009c; European Parliament and the
Council, 2009d; European Parliament and the Council, 2009¢; European Parliament and the Council,
2009f) that represents a further step towards the improvement of the functioning of the internal
energy market. The package includes rules on the separation of energy supply and generation from
the operation of transmission networks, the independence of national energy regulators, and
increased transparency in retail markets to benefit consumers. It further established the Agency for the
Cooperation of Energy Regulators (ACER). The third package together with other EU legislation also
guarantees that energy consumers enjoy high standards of consumer protection. It establishes that all
EU citizens have the right to have their homes connected to energy networks and to freely choose any
supplier of gas or electricity offering services in their area. Moreover, the package urges that
consumers have the right to access accurate information on their consumption data and associated
electricity prices. This information on the electricity costs should be provided frequently enough in
order to create incentives for energy savings and behavioural change. Such information provision
could also create innovative services to effectively enable active participation of consumers in the
electricity supply market. The deployment of smart metering infrastructure should facilitate this
process. The Directive 2009/72/EC (European Parliament and the Council, 2009b) and the ensuing
Recommendation on preparations for the roll-out of smart metering systems (Commission
Recommendation, 2012) advocates that 80% EU electricity consumer should be equipped with smart
metering systems by 2020, provided that the economic assessment of nation-wide smart metering roll
out is positive. Smart metering systems are therefore recognized as having an important role in the

achievement of energy savings.

Box 1.1: Energy legislative packages

The first legislative package (Directives 96/92/EC concerning common rules for the internal
market in electricity and 98/30/EC on common rules for the internal market in natural gas)
was replaced in 2003 by a second legislative package that enabled new gas and electricity
suppliers to enter Member States” markets, and consumers (industrial consumers from 1 July
2004 and domestic consumers from 1 July 2007) to choose their own gas and electricity
suppliers. In April 2009 a third legislative package seeking to further liberalise the internal
electricity and gas market was adopted, amending the second package, and introducing a
target for smart metering roll-out in EU (European Parliament and the Council, 2009b) .




A major step towards the definition of a common Energy Union Strategy comes in 2015 with the
Energy Union Package - Framework Strategy for a Resilient Energy Union with a Forward-looking
Climate Change Policy (European Commission, 2015a) that is considered as one of the priority in the

Juncker Commission.

Box 1.2: Energy Union Strategy

On 25t February 2015 the European Commission adopted the "Energy Union Package- A
Frameworks Strategy for a Resilient Energy Union with a Forward-Looking Climate Change Policy"
(European Commission, 2015a). The strategy sets out, in five interrelated policy dimensions,
the goals of an energy union: energy security, solidarity and trust; a fully integrated
European energy market; energy efficiency contributing to moderation of demand;
decarbonising the economy, and research, innovation and competitiveness. The strategy
provides detailed steps the Commission will take to achieve these goals, including new
legislation to redesign and overhaul the electricity market, ensuring more transparency in
gas contracts, substantially developing regional cooperation as an important step towards an
integrated market, with a stronger regulated framework, new legislation to ensure the
supply for electricity and gas, increased EU funding for energy efficiency.

The European Union views on consumer's role in energy market is further detailed in the European
Commission Communication on Delivering a New Deal for energy consumers ('New Deal'’), released
as part of the Summer Package (15 July 2015) and designed to inform future actions in this field,
including proposed legislation. The 'New Deal' highlights the need for greater transparency and better
information around energy prices, emphasises the importance of easy switching between energy
suppliers and recognize that demand response should be facilitated and community production
initiatives encouraged. Furthermore the New Deal seeks to encourage the development of smart
homes and networks that will require enabling new energy technologies. Finally the 'New Deal' calls
for new measures to address vulnerable consumer and energy poverty in the EU (European

Parliament Briefing, 2016).

The most recent step towards the Energy Union project is the presentation on 30 November 2016 of
the Clean Energy for All Europeans, a package of measures with legislative proposals that cover
energy efficiency, renewable energy, the design of the electricity market, security of electricity supply
and governance rules for the Energy Union. The package also includes actions to accelerate clean
energy innovation and to renovate Europe's buildings. It provides measures to encourage public and
private investments, to promote EU industrial competitiveness and to mitigate the social impact of the

transition to clean energy. The Clean Energy Package's main points are summarized in Figure 1.



Security and
Solidarity

Innovation
and

petitiveness

|

Figure 1. European Union Energy Policy main points’ - Clean Energy Package

The Clean Energy package provides important orientations in the field of consumer protection and
engagement. The package specifically addresses the need to further develop a comprehensive policy
and legal framework for EU prosumers, stating that in most parts of the EU, retail markets suffer from
persistently low levels of competition and consumer engagement. Despite technical innovation such
as smart grids, smart homes, self-generation and storage, consumers are not sufficiently informed nor
incentivized to actively participate in electricity markets and are prevented from controlling and
managing their energy consumption while saving on their bills and improving their comfort. With the
revised Renewable Energy Directive (Proposal for a Directive of the European Parliament and of the
Council on the promotion of the use of energy from renewable sources (European Commission,
2016b)) consumers will benefit from stronger right to produce their own electricity (prosumer), and
feed any excess back to the grid being remunerated for this; organise themselves into renewable energy
communities to generate, consume, store and sell renewable energy (energy community); stop buying
heat/cold from a district heating/cooling system if they can achieve significantly better energy
performances themselves; obtain quality of information thanks to the consolidation of the functioning
of the Guarantees of Origin system. All consumers across the EU will be entitled to generate electricity
for either their own consumption, store it, share it, consume it or to sell it back to the market, thus
making it easier for households and businesses to become more involved in the energy system, to better

control their energy consumption and respond to price signals.

The proposal further articulates the concept of "communities of consumers" that will be entitled to
produce, store or sell their electricity. Additionally, the proposal hope for an acceleration of the

deployment of smart meters and for ensuring access to dynamic electricity price contracts which are

1 http://one-europe.net/eurographics/european-union-energy-policy



essential to bridge the gap between consumers and the market. Consumers will get access to reliable
and clear information on the best deals in the market, using certified online price comparison tools

which will assist them in making informed choices.

Box 1.3: Clean Energy for all Europeans

Om 30% November 2016 the European Commission presented a package of measures to
keep the European Union competitive and to ensure a clean energy transition. The "Clean
Energy for All Europeans" (European Commission, 2016c) legislative proposals cover
energy efficiency, renewable energy, the design of the electricity market, security of
electricity supply and governance rules for the Energy Union. In addition the Commission
proposes a new way forward for eco-design as well as a strategy for connected and
automated mobility.

In terms of upcoming regulatory initiatives, besides the review of existing directives (electricity,
energy efficiency, energy performance of buildings and renewable directives), the package presents a
Proposal for a regulation on the Governance of the Energy Union (European Commission, 2016a) that
sets out the necessary legislative foundation for the governance of the Energy Union. This legislative
proposal will also be complemented by non-legislative facilitating measures and actions, including -
but not limited to - efforts to ensure the full participation of Member States, consumers, producers and

stakeholders at large in the governance process.

Considering the scope of the present thesis, it is worth mentioning that besides the European
Commission Clean Energy Package, the European Parliament has called for a common operational EU
definition of prosumer and for new energy legislation to provide measures for encouraging investment
into self-generation capacity. Although the Energy Efficiency Directive (European Parliament and the
Council, 2012) , the Renewable Energy Directive (European Parliament and the Council, 2009a) and
the Guidelines on State Aid (European Commission, 2012) all include provisions addressing small
scale electricity producers, the EU has no specific legislation on prosumers, self-generation or self-
consumption. The European Commission is currently undertaking studies on mapping prosumers

and associated existing regulations in EU member states.

1.2.2 The role of consumers in EU energy policy

The role of the consumer in EU energy policy has been increasingly better clarified and articulated in
the various energy policy documents as highlighted in the previous section. They recognize the
consumer's right to transparency and clear information, protection from unfair market practices and
their increasing role as active player in the energy market. I will now briefly discuss how consumer's
role, involvement and engagement in the energy transition is discussed and advocated in some of the

EU energy policy documents.



The role of engagement and involvement of consumers in sustainable consumption was clearly
acknowledged by the EC Task Force for Smart Grids (2010): "the engagement and education of the
consumer is a key task in the process as there will be fundamental changes to the energy retail market. To deliver
the wider goals of energy efficiency and security of supply there will need to be a significant change in the nature
of customers” energy consumption (...). A lack of consumer confidence or choice in the new systems will result
in a failure to capture all of the potential benefits of Smart Meters and Smart Grids" (European Commission,
2010). The terms engagement, education and confidence emerge as key factors for smart grids success.
The European Commission communication on Smart grids: from innovation to deployment
(European Commission, 2011) further recognizes the importance of consumer awareness and
underlines how "developing Smart Grids in a competitive retail market should encourage consumers to change
behaviour, become more active and adapt to new ‘smart’ energy consumption patterns" (European
Commission, 2011). However, the Communication also recognizes the complexity and uncertainty
linked to this new technology: "Neither is there clarity on how to integrate the complex Smart Grids systems,
how to choose cost-effective technologies, which technical standards should apply to Smart Grids in the future,

and whether consumers will embrace the new technology".

The European Commission's 2015 Framework Strategy for a Resilient Energy Union with a Forward-
looking Climate Change Policy (European Commission, 2015a) recognizes that consumers, enabled
by smart grid technologies, will be able "to reap the opportunities available on the energy market by taking
control of their energy consumption (and possible self-production)" and make informed choices on where
and how buy their energy. The vision is of an Energy Union where citizens are placed at its core and
are capable of taking ownership of the opportunities allowed by the energy transition and can "benefit
from new technologies to reduce their bills, participate actively in the market and where vulnerable consumers
are protected". The EC public consultation process on a new energy market design (European
Commission, 2015c) further adds that one of the goals of the new energy market design is to offer
consumers — households, business and industry — the possibility to actively participate (and benefit) in
the European's Union Energy Transition. This goal requires "a fundamental change in the role of the
consumer on the electricity market". The ensuing European Commission's Communication Delivering a
New Deal for Energy Consumers (European Commission, 2015b) further clarifies the role of the
consumer in the energy transition and identifies three key points for delivering a new deal for

consumer:

¢ Empowering the consumer to act;
e Making smart homes and networks a reality;

e Special attention to data management and protection.



In particular "empowering consumers to act" identifies the main challenges consumers have to face in
the energy market and suggests concrete actions to encourage consumers, who are the driving force of
competition, to engage more with energy markets. It recognises that the combination of decentralized
generation with storage options and demand side flexibility "can further enable consumers to become their
own suppliers and managers for (a part of) their energy needs, becoming producers and consumers and reduce
their energy bills. Decentralized renewable energy generation “can usefully complement centralised
generation sources” and help reduce “grid losses and congestion, saving network costs in the long-term that
would otherwise have to be paid by the consumers”. In particular it is recognised that "if consumers generate
their own electricity form onsite renewable energy systems, they consume less electricity from the grid” and
that “thi