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Abstract

This research defines the public response to changes towards low carbon en-

ergy systems. The findings support regional and local energy planners in order

to accelerate the energy transition in the Alpine local communities, compatibly

with their resources and specificities.

Energy transition is a long-term change process of the energy system towards low

carbon features (i.e., more energy production from renewable sources, higher energy ef-

ficiency). From a technological point of view, energy system is an integrated system

including several energy sources, technologies, and products for energy production, dis-

tribution, and consumption. From a social point of view, local population’s choices and

actions determine the time and the features of energy transition at regional and local

scales. Indeed, energy system is not only technology matter. Socio-energy and terri-

torial approaches underline the importance of features and relationships between

energy, society, and space.

Based on the interactions between energy, society, and space, this research delineates

an analytical framework and an applied definition of socio-energy system at

local and translocal scale. Through a systematic literature review of 168 scientific

publications, this research defines the list of dimensions and key aspects that shape an

energy system at regional and local scales by means of local population’s choices. This

research uses these dimensions to analyse the socio-energy systems and their variation

within a regional territory. The transformation of these dimensions into variables is the

basis for the cluster analysis applied to the South Tyrol case study (Italy). This analysis

defines eight different socio-energy systems within this regional territory.

Each socio-energy system has its own specificities and resources to take into consid-

eration in the energy planning for accelerating the energy transition. With the aim to

propose recommendations on how to use social and territorial specificities as levers for

wider achievement of energy targets at local scale, this research proposes a Decision Sup-

port Tool addressed to regional and local energy planners. The Decision Support Tool
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also reports potential collaborations between municipalities with similar specificities and

needs in order to save, protect, and share resources for a more effective energy planning.

The collaborations proposed by the Decision Support Tool only partially coincide with

the actual collaborations in the energy governance of South Tyrol. Through a Bayesian

exponential random graph model, this research identifies the network structures and dy-

namics that are at the basis of the actual energy governance. Further, the analysis identi-

fies some network configurations that might change the actual network towards an energy

governance that consider the local and translocal specificities.

Concluding, the methodologies used in this research are replicable to other case studies

with small adjustments.

Key words

Energy transition; social science; territory; socio-energy system; governance; renewable

energy; local authorities; network analysis; Bayesian statistic
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Introduction

Climate change shows its impacts in everyday life: alteration in precipitations, warmer

temperatures, increased drought events, rise in sea level, and melting glaciers (Solomon

et al., 2009; Pachauri et al., 2014). Climate change is caused by anthropogenic emissions of

green houses into the atmosphere i.e., CO2 (Pachauri et al., 2014). Mitigation initiatives

contribute to slow down climate change, while adaptation actions support in dealing with

its already existing impacts. These actions require a strategy of transition to sus-

tainable world (Sachs, 2015; Keeble, 1988), starting from larger energy production and

consumption from renewable energy sources (Jänicke, 2017). Greenhouse gas emissions

can be decreased by reducing the use of fossil fuels and achieving 100% renewable energy

economies (Droege, 2012).

“A global renewable energy base is the very foundation of sustainable life on this planet”

(Droege, 2012, p. 1). But this is not enough. Renewable energy is part of a wider tran-

sition towards a sustainable world: “Only with it [wider renewable energy component],

massive afforestation efforts and lifestyle changes to higher quality and dramatically low-

ered material consumption become the essential elements of hope” (Droege, 2012, p. 1).

Sustainability addresses persistent environmental and social problems and needs (Geels,

2011). Environmental organizations (i.e., UNEP, National Geographic) reckon that there

are two choices: either the choices pursue sustainable world (Sachs, 2015; Keeble, 1988);

or the choices return to fossil fuel based economy forgetting sustainability and zero or

de-growth development. In the second scenario, pressures on natural and social world

will increase (Vandenhole, 2018). Sustainability can be reached through a global system

that integrates all scales, sectors, and actors with their own responsibilities, challenges,

opportunities and mechanisms (Jänicke, 2017).

The energy transition is pursued by international and national commitments
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in public debate. Countries agreed on a new 2030 framework for climate and energy to

achieve a more competitive, secure and sustainable energy system (The Climate and En-

ergy Framework by Bonn UN Climate Change Conference 2017 ) aiming to overcome the

Paris Agreement (COP21 ) and the European Renewable energy Directive targets (Euro-

pean Commission, 2010). This research does not focus on competitiveness and security,

but on how sustainability can be strongly promoted, “to leave behind programmes that

only superficially ’green’ development strategies” (Droege, 2012, p. 6).

Further strategies supporting the achievement of the 2030 framework targets are needed:

at least 40% green house gas emissions decrease, 27% energy consumption decrease, and

27% energy efficiency increase. Around the world, the US government1 plays an important

role in slowing the energy transition and shifting the interest to fossil fuels. EUROSTAT2

observes that eleven countries in Europe have already achieved and 18 countries are al-

most achieving the Renewable energy Directive targets for 2020, even if with a slowdown of

transition process for the most renewable European countries and a new interest on fossil

fuels (Turnheim et al., 2018). From 1990 to 2004, some European countries substantially

increased their share of renewable energy, slowing down the rhythms of energy transition

in the following period between 2005 - 2016 (Figure 1). Other countries - i.e., Italy -

accelerated the transition achieving the 2020 targets in the second period, but generally

a brake in the transition of the most renewable countries is observed.

1US government withdrawn its signature to Paris agreement.
2EUROSTAT is the statistical office of the European Union situated in Luxembourg. It provides high

quality statistics for Europe enabling the wide picture of contemporary society and comparisons between

countries and regions. For more information: EUROSTAT.
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Figure 1: Share of energy from renewable sources in the EU Member States. Source: EUROSTAT.

How much is energy transition slowing down (Turnheim et al., 2018; Osti, 2018)? How

social science can contribute to its acceleration (Turnheim et al., 2018; Osti, 2018)?

The goal of this work is to promote a more balanced, inclusive, and equal

energy transition, involving all the local territories with their place-based con-

tributions towards low carbon energy systems. Shifting from centralized to de-

centralized socio-energy system allows to have a wider knowledge and use of the local

specificities. At the local scale, there is the potential for a further and accelerated en-

ergy transition through local energy planning and management, behind the efforts already

made by national and regional scales (individually and in network). A tool supporting

regional and local policy-makers and planners is then developed with the aim of effectively

contributing to energy transition.

In order to better understand energy transition, the definition of energy system (Section

0.1), the importance of local population’s choices (Section 0.2), the role of the public

authorities (Section 0.3), the importance of the translocal scale (Section 0.4) and the
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relevance of the existing governance (Section 0.5) are deepened in the following sections.

Finally, the methodology developed in this work is shown in Section 0.6. The contribution

of each Chapter of this thesis is clarified in Section 0.7.

0.1 Energy system

Energy transition is a long-term change process of the energy system towards low carbon

characteristics (Sovacool, 2016): wider energy production from renewable sources, lower

CO2 emissions, lower energy consumption, and wider energy efficiency. From a tech-

nological point of view, energy system is an integrated system including several energy

sources, technologies, and products for energy production, distribution and consumption

(Mathiesen et al., 2015; Lund and Mathiesen, 2009). An energy system can import and

export energy and resources to other energy systems (Bringezu et al., 2012) and can be

described through its features of renewability, efficiency, and saving. Energy transition

aims to increase all the three features.

The three features of the energy system are given by different set of factors and follow

different dynamics. Renewability concerns resources that can be reused after the energy

production. I.e. water can be used for additional energy production or flowed into rivers;

or forest biomass availability can be renovated through new plantation. The renewability

can be measured through the percentage of renewable energy (RE) (European Commis-

sion, 2009):

REs% = (ProdREs/TotCons) ∗ 100

where:

REs% is the percentage of renewable thermal and electric energy out of total consump-

tion, ProdREs the total production of renewable energy of the energy system, TotCons the

total consumption of the energy system.
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The second characteristic of an energy system is the efficiency. Energy efficiency is

the rate of final energy on initial energy during the considered production, distribution,

and consumption processes (UNI CEI EN ISO 50001:2011). Research is improving tech-

nological efficiency to reduce the difference between initial and final energy and the losses.

A good quality of life can be maintained with lower amount of energy consumption and

consumer behaviours can contribute to decrease this difference.

Finally, the third characteristic for describing an energy system is energy saving. It

includes consumption decrease beyond the efficient use of energy and it is promoted by

a change in people’s energy behaviours (DellaValle et al., 2018). Renewability, efficiency,

and saving are interrelated one with each other. Efficiency and saving can change the level

of consumption that is included in the formula of renewability. Therefore, this research

focuses on renewability as a whole.

0.2 Local population’s choices

The energy transition path is “different for each person, community, company, or country”,

(Droege, 2012, p. 2). Characteristics of the energy system are shaped on real and available

social, cultural, environmental, and economic resources of the territory (Di Somma et al.,

2017). The new interest in distributed energy systems (Di Somma et al., 2017) and

in local energy communities (Dóci and Gotchev, 2016; Van Rijnsoever et al., 2015;

Rogers et al., 2012) emphasize these aspects.

Actions of the local population determine the level of renewability of local energy

systems in the context of energy transition goals (Balest et al., 2018). Local population

makes energy choices based on the availability of different territorial resources and limits

- i.e. natural, technological, and social ones - and in front of proposals and projects. The

energy system is the result of the actions of individuals, stakeholders, and public

actors in a territory (Sovacool, 2016).
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The local population’s choices can be either a reaction to interventions of other and ex-

ternal actors or an autonomous action such as individual or community initiative (Balest

et al., 2018) in a territory in which global and over local contexts impose their limits and

influences (Geels, 2002). Based on the interaction between all these actors, their actions,

their reactions and the energy system, the concept of socio-energy system becomes

central. Through this work, the socio-energy system is defined as a system

embedded in a territory in which local population makes choices shaping and

being shaped by technological energy system. The local population’s choices

in energy field are embedded in the territory and its territorial systems (Balest

et al., 2018): natural, legislative, technological, and economic ones. A commu-

nity living within a territory is not only touched by the energy transition, but it can be

a resource and a key actor in the transition (Batel, 2018; Wolsink, 2018; Miller et al.,

2013): “Rather than seeing communities as a barrier to change [...] several of our con-

tributors note that communities can be valuable partners in renewable energy planning”

(Miller et al., 2013, p. 146).

The research of the I PhD year defines if and which systems, dimensions and aspects of

a territory address local population’s choices and related socio-energy system changes in

terms of increase of RE. The research also defines how the actors, processes, and networks

of local population are approached for their analysis in scientific literature through the

concepts of acceptance and conflict. An interesting systematic review is reported in the

Chapter 1 and already published in Balest et al. (2018) (Appendix 5). The following parts

of the research address more the topics related to energy planners and authorities at local

and translocal (Sections 0.3 and 0.4).

0.3 Public and local authorities

The local scale includes the relation between energy and society within a place-

based context (Osti, 2010). Public authorities that plan and manage the energy in their

territories should be aware of the local population’s choices and the related territorial

dimensions and aspects. At the local scale, the actors who govern the energy system

(i.e., municipalities, associations, citizens, schools) are able to do it in a horizontal and

networked way, creating a governance system (Fontaine, 2010) and mobilizing multiple
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actors, resources, and dynamics (Jänicke, 2017).

At the local scale, public authorities plan and manage their own energy system, i.e.

through Sustainable Energy Action Plans (SEAP) or Sustainable Energy and Climate

Action Plans (SECAP) in the framework of the Covenant of Mayors initiative3. In the de-

velopment of these plans, public authorities analyse the status quo of their territories from

a point of view of CO2 emission, infrastructural, energy supply, demand and efficiency and

propose some actions to foster energy transition (Coelho et al., 2017; Balest et al., 2018).

However, the territorial and energy planning can not be based only on these analytical

aspects. Pinto-Correia et al. (2016) highlight the need to better inform energy planners on

territorial peculiarities, differences, and interested actors for developing effective energy

plans. The effectiveness of SEAP and SECAP can be strengthened considering also those

territorial dimensions and aspects defined in the first part of this research (Chapter 1).

The mere role of the local authorities in planning and management can be strengthened.

Local territories have specific needs, preferences, and resources. Municipalities are the

closest public authority to local populations recognizing their needs, preferences, and

resources. However, this local entity is not always the most effective one in achieving

energy transition goals (Kraxner et al., 2015; Novotná et al., 2016). These local authorities

sometimes miss resources in terms of money, time, knowledge, and human capital (Kraxner

et al., 2015; Novotná et al., 2016).

This research aims to increase the contribution of all territories for a more balanced,

inclusive, equal and further energy transition. For this contribution, it is necessary to

understand what is territory. A territory is a place where there is the relation between

society and space (Osti, 2010). In a territory, society organizes the space based on the

available resources in order to satisfy needs (Borrelli and Mela, 2018). Territory is never

only a natural space, but it is a composition of human actions on spaces (Jackson, 2000).

Through the territory concept, sociology investigates the role played by space in the

production of social phenomena (Borrelli and Mela, 2018), through socio-spatial inter-

pretations or socio-ecological aspects. When the focus is on the people’s interpretations

3The Covenant of Mayors initiative is a movement for local climate and energy actions that involves

European municipalities in a voluntary way. Its aims to accelerate the decarbonisation of the territories,

to strengthen the capacity of municipalities to adapt to climate change, and to allow citizens to access

secure, sustainable and affordable energy. For more information: Covenant of Mayors.
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of lines and shapes, sociologists talk about landscapes. The landscape is the imagined

world (Livingstone, 2002). Instead, if the focus is on the available resources and on their

use, beyond the social and cultural interpretations, the object is the territory. Territory

is still a social construction based on common cultural and social meanings. The territory

is the result of continuous interrelations between society and space for the satisfaction of

needs (Raffestin, 2012). The representations of this territory makes available ‘images’ or

landscapes (Raffestin, 2012).

Only through the consideration of both territory and landscape, a balanced, inclusive,

and equal energy transition will be generated. Both the concrete organization of the

space and the people and planners’ interpretations of territory are relevant. However,

this research focuses on the concept of territory investigating its role in defining local

population’s energy choices, programming future in-depth analysis about landscape and

imageries4 (Sütterlin and Siegrist, 2017; Stephenson et al., 2010; Calhoun and Sennett,

2007).

0.4 Translocal scale

The empowerment of local actors and authorities can be strengthened by proposing a

translocal perspective that supports collaborations between territories. A translocal plan-

ning and management of the energy is a strategic tool to save, protect, and share resources

(i.e., money, knowledge, environment), increasing the effectiveness of energy plans.

Translocality describes a localized context across borders in which actors develop their

own engagement (Greiner and Sakdapolrak, 2013) in planning and management of the

territory. Geographical borders are not easily recognizable (Sassen, 2018) and translocal-

ity is usually based on spatial closeness (Novotná et al., 2016). The spatial closeness is

an interesting resource for saving and sharing some resources (i.e., share a district heat-

ing plant in a neighbourhood across municipal borders), but it has risks related to the

increase of inequalities and disparities between territories (Osti, 2015; Katsoulakos and

Kaliampakos, 2016) that could be reported in the energy transition process. In the defini-

tion of translocality of this research, similarities and homogeneities between territories are

4What is next? My idea for the future is to collect the imageries of regional and local energy planners

in order to understand the opportunities and the paths of energy transition.
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more important than the spatial closeness (Chapter 2). Collaborations between territories

that are similar in terms of resources, needs, and preferences increase balanced and inclu-

sive development according to the territorial cohesion literature (Sánchez-Zamora et al.,

2017; European Court of Editors, 2018).

In the translocal definition, local territory is connected with others in two different

ways: static or dynamic. The static way is somehow the easiest, even if in this research

some aspects are missing (i.e., symbolic and identity aspects). The static translocality

is here described through the main dimensions and key aspects of each territory (Table

2.2). The aspects characterizing the dynamic translocality refer to relationships between

territories based on mobility and connectivity (Hedberg and Do Carmo, 2012).

The territorial cohesion is a concept used in sustainability and development fields of

research. This concept is based on environmental, social, economic, geographical, and gov-

ernance homogeneities and heterogeneities between territories (Medeiros, 2016; Sánchez-

Zamora et al., 2017) and it aims to increase sustainable development based on these

similarities (European Commission, 2010). This research is looking at a definition of el-

ements of territory as a system that both integrates energy and society in a place-based

context and emphasizes translocal scale. However, this wide definition is not avail-

able in scientific literature yet (Pinto-Correia et al., 2016; Medeiros, 2016; Nosek, 2017;

Sánchez-Zamora et al., 2017; Balest et al., 2018). On the one hand, this research defines

the elements of territory as socio-energy system on the basis of scientific literature about

local population’s choices. On the other, this research adds energy aspects to the terri-

torial cohesion giving a translocal perspective to the socio-energy system (Chapter 2).

One of the main aims of this research is to give the access to the results and the

related knowledge to regional and local policy-makers and planners. After emphasizing

the methodology, the dimensions, the key aspects, and the data used in this research, the

results are showed through maps and tables. This research proposes a Decision Support

Tool (DST) that integrates socio-demographic, quality of life, socio-economic, cultural,

governance and political, geographical and infrastructural, energy and climate dimensions

and the linked 41 placed-based variables for the South Tyrol case study (Table 2.2). The

map (Figure 2.2) shows the potential collaborations between municipalities for energy

planning. The map is matched with the explication of the most relevant territorial and
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social resources, dimensions, and aspects that can strengthen the collaborations in the

energy planning (Table 2.9).

Chapter 2 is the application of the analytical framework of territory as socio-energy

system defined in the Chapter 1 at the translocal scale. The application analyses the South

Tyrol case study (Italy). The results have been submitted to the Energy Research & Social

Science journal through a paper currently under review (Balest et al., 2019). The paper

is titled Territory as socio-energy system at translocal scale: A Decision Support Tool for

energy planners. Co-authors are Laura Secco, Elena Pisani, and Giulia Garegnani.

0.5 Governance of public and local authorities

In a polycentric system where several actors plan and manage the energy systems in the

regional and local territories (Ostrom, 2010; Sovacool, 2011), relationships between terri-

tories in energy planning and management are already structured. Aware of this, are

the collaborations proposed by the DST realistic? Are they compatible with

the actual relational dynamics and with the actual collaborations in energy

sector?

Who and how governs the energy system are relevant topics to promote the change

into a more sustainable world (Sachs, 2015). The governance is an arena in which multi-

actor, multi-sector, and multilevel relationships, power relations, and networking exist

(Rametsteiner, 2009; Secco et al., 2014) with the aim to administer a part of the public

and social life. The analysis of the governance underlines responsibilities, challenges, op-

portunities, and mechanisms of different actors and relationships (Jänicke, 2017). In the

energy sector, all other sectors, actors, and levels related to energy topics are included

in formal and informal networks. Considering the idea to promote the contribution to

the energy transition of all local territories through effective collaborations, this research

focuses on the energy governance at translocal scale.

In the global governance of energy transition, environmental and social problems are

addressed (Geels, 2011) thanks to the contribution of the actors at all scales. Govern-

ing the energy, actors interact with their territories, technologies, and local populations

(Geels and Schot, 2007). With particular reference to local populations, the practice to
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governance of local planners is a continuous interaction between a common understanding

by social actors on how to use technologies, how to plan energy, and how to manage ter-

ritories. Appropriate behaviours and meanings of using, planning, and managing energy,

territories, and technologies are recognized and shared (Shove et al., 2012) within a re-

gional territory. The energy governance is the resulting practice of all the involved actors

and their relationships: “those relations can generally be characterized as reflecting soci-

etal and organizational structures that reproduce general patterns of behaviour” (Hedberg

and Do Carmo, 2012), such as the governance practice.

The energy governance is sustainable where it is strongly linked to other practices

such as the practice of local and careful government of natural resources at the

local scale, and the practice to collaborate with other actors that share prefer-

ences, needs and resources. The energy governance and the other linked practices are

spread through relationships between actors (Shove and Walker, 2010).

In a multi-actor, multi-sector, and multi-level energy governance (Sovacool, 2011; Secco

et al., 2014), this research focuses on some scales and actors that have higher potential

to effectively plan and manage the energy thanks to their local knowledge (Bulkeley and

Kern, 2006; Novotná et al., 2016). Municipalities are the closest public authorities to

local territories and their potential to effectively plan and manage the energy is supported

by the contribution of actors and tools, such as public utilities (PU). The collaborations

between municipalities and PU are not the only existing relationships in the energy sector.

However, these collaborations represent an interesting structured network that reports the

relational dynamics in the energy sector at regional and local scale (Mej́ıa-Dugand et al.,

2017). The relationship between municipality and PU is based on a contract in which

the PU supplies an energy service to the municipality (i.e., the management of a RE

production plant, or the distribution grid management).

To have a clear picture of the spread of sustainable energy governance, this

research analyses the energy districts composed by networks of relationships and collabo-

rations between municipalities and PU within the South Tyrol case study. This research

investigates the presence and the opportunities to extend the existing sustain-

able energy governance through relationships in an energy district. The social

network analysis and the other used analytical tools (Bayesian inference of Exponential
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Random Graph Modelling) can not predict the change in the future. However, they can

give us reasons on why the spread and the relational dynamics behind sustainable energy

governance have the actual shape. This kind of analysis defines some elements, dynam-

ics, and future addresses of the research that could promote a change towards

the collaborations that the DST proposes.

Summarizing, this research delineates an analytical framework that includes elements

of territory as socio-energy system, focusing on the integration between energy, space,

and society at a translocal scale. To do this, the following flow of methods is used

(Section 0.6 and Figure 2).

0.6 Flow of methods

In the first step of the flow of methods (Figure 2), dimensions and key aspects that explain

the local population’s choices in front of energy system changes are defined, such as the

inclusion of a new RE plant (Balest et al., 2018). Wide literature review search and

analysis is reported in the Chapter 1. The focus is on three concepts used in the scientific

literature: acceptance, conflict, and renewable energy. The acceptance is analysed in the

scientific literature based on three dimensions (Wüstenhagen et al., 2007): socio-political,

market, and community. This research is an attempt to look at the acceptance in a

wider way, integrating all three dimensions that are usually separately investigated at

a translocal scale (Wolsink, 2018; Batel, 2018). The systematic analysis of literature is

based on a territorial analytical framework and uses a quantitative and qualitative

content analysis of the entire text of 168 publications, using NVIVO11plus c© software.

These publications have been selected considering number of citations on a wider group of

1084 scientific papers available in SCOPUS online database. The result of the analysis of

these publications is proposed as a list of three dimensions, 15 sub-dimensions and 41 key

aspects related to the social system of the territory (Table 1.6). The results also delineate

26 sub-dimensions of the other territorial systems (Table 1.3).

Second, five scientific publications (Abrahams, 2014; Elissalde and Santamaria, 2014;

Medeiros, 2016; Dao et al., 2017; Nosek, 2017) and the main European document (Euro-

pean Commission, 2008) about territorial cohesion concept are analysed to identify the
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main dimensions and factors used in this research field. This list of dimensions and factors

is delineate and crossed with the previous list about local population’s choices. The final

list of eight territorial dimensions, 26 key aspects and 41 factors is the operativization

of the analytical framework. This final list of relevant dimensions, factors, and variables

analyses the variation of socio-energy systems across territories (Chapter 2 and Table 2.2).

This list is not exhaustive because it misses all those information that are not available

for all municipalities and, therefore, do not permit the analysis of the variation between

municipalities. Other important aspects could be collected through in-depth and future

research (i.e., symbolic and identity aspects) in order to give a wider interpretation of the

results included in this thesis.

Third, the list of factors is applied to the case study of South Tyrol, collecting data

about the 41 factors. This was a quite challenging process for four main reasons: 1)

exhaustive databases at municipal scale for South Tyrol province and for all the Italian

regions do not exist; 2) single data are available in databases with different formats and

shapes; 3) public availability of data is uncertain; and 4) some data are available only for

some municipalities and not for all regional territories. All these problems represent the

main reason of why this research is not applied to a wider sample of regions in Italy or

across the Alpine space5.

The list of 41 factors is the basis for clustering municipalities and defining potential

collaborations for effectively developing actions included in energy plans. This research

uses cluster analysis because it divides socio-energy systems according to homogeneities

and heterogeneities. In particular, k-means method defines homogeneous groups minimiz-

ing the within group dispersion and maximizing the between group dispersion (Novotná

et al., 2016). This is an important tool to analyse the variation across territories and the

similarities within a common socio-energy system. Each cluster includes municipalities

that are homogeneous in terms of 41 dimensions and each cluster has a centroid that is

the projection of these 41 dimensions.

The findings are showed through map (Figure 2.2) and table (Table 2.9) permitting

the interpretation of the results and the sharing of this knowledge with regional and local

energy planners through the DST.

5However, during the three years of this PhD, the research has been applied to the Italian regions of

Marche and Valle d’Aosta.
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Figure 2: Flow of methods used to define and apply the analytical framework of territory as socio-energy system.

This research defines both the socio-energy systems within the cultural and institu-

tional context of South Tyrol, and the collaborations and resources for developing effective

energy plans (Chapters 2 and 4). In order to investigate the realistic opportunity to have or

create these collaborations, the relationships between municipalities and PU are analysed

through social network analysis. Some hypothesis on the actual relational dynamics are

tested through a Bayesian inference for Exponential Random Graph Modelling (BERGM)

(Caimo and Friel, 2011). This part is reported in Chapter 3 and a paper has been sub-

mitted to the Journal of Cleaner Production with the title Sustainable energy governance
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practice in South Tyrol (Italy): A probabilistic bipartite network model. Co-authors are

Laura Secco, Elena Pisani, and Alberto Caimo (Balest et al., 2019). The applied method-

ology will be publicly available in a GITHUB repository after the review of this thesis.

The availability of the methodology developed in R language aims to apply it to other

case studies and collect feedback from other scientific experts.

0.7 Clarification about how chapters are interrelated

Acceptance is a complex and dynamic process in which the positions of the actors are

“dynamic and continuously being reconsidered and redefined” (Wolsink, 2018, p. 291).

For this reason, this research does not focus only on actors, but also on processes and re-

lationships related to low carbon energy systems. This is the basis for the title of the first

chapter: Local reflections on low-carbon energy systems: A systematic review of actors,

processes, and networks of local societies.

For this dynamic and continuous processes, a new definition of territory that integrates

society, space, and energy is needed. This research proposes an analytical framework that

investigates the territory as a set of systems, as represented in Figure 1.2: social-cultural,

legislative, economic, technological and natural territorial systems. Embedded in these

systems and their interactions, several components of the territory exist, such as education

system, productive system, or energy system. Considering the socio-energy system as a

production of the interaction between society and the other local systems, territory is a

core concept for this research. The scheme in the Figure 1.2 is born in an interactive

process between the building of the analytical framework of territory (Garegnani et al.,

2018) and the analysis of the scientific literature about local population’s responses in

front of changes in energy systems i.e., new RE plant (Balest et al., 2018). This scheme

and the list of dimensions and factors are the links between Chapter 1 and Chapter 2. In

Chapter 2, the investigation operativizes the list of dimensions and key aspects of Chapter

1.

Chapter 2 is the application of the analytical framework of territory as socio-energy

system in the South Tyrol case study. The analysis based on the 41 factors define eight

socio-energy systems in South Tyrol (excluding the ninth group of municipalities charac-
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terized by urban specificities). Each socio-energy system has its own resources (Table 2.9)

and municipalities within each cluster have potentialities to collaborate one another based

on common needs, resources, and actors to involve in the energy planning. The collabo-

rations between municipalities are the link between Chapter 2 and Chapter 3. Chapter

2 investigates the potential collaborations while Chapter 3 analyses the actual collabora-

tions.

This third part of the research investigates if the collaborations proposed by the DST

are realistic. Social network analysis and BERGM are applied to the relationships between

municipalities and PU. The main results show that translocal collaborations between mu-

nicipalities exist, even if it is not the prevalent practice. It is more common for munic-

ipalities to plan and manage the energy individually. In the case in which translocality

exists, it is based on spatial closeness and it is not coherent with my idea of translocal

collaborations based on similar territorial and socio-energy system specificities. However,

there are some interesting aspects in the actual energy governance that could promote the

change towards the proposed collaborations.

Crossing the results of Chapters 1, 2, and 3, this research delineates the recommenda-

tions to regional and local energy planners included in Chapter 4. The recommendations

are expressed in terms of collaborations and resources to use in order to strengthen the

effectiveness of energy plans.

Laura Secco, Elena Pisani, and Giulia Garegnani contributed to this research with

their ideas, reviews, and suggestions. Alberto Caimo contributes applying the BERGM in

order to answer the research objectives and test the research hypothesis of Chapter 3.
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Chapter 1

A systematic review of actors,

processes, and networks of local

societies and low-carbon energy

systems

Published in Balest et al. (2018)

1.1 Abstract

Local population’s actions determine the level of renewability of local energy systems in

the context of energy transition goals. Local population makes energy choices based on

the availability of different territorial resources and limits, i.e. natural or environmental,

technological, and social ones. The aim of this research is to identify the main dimensions

and aspects of territory that can address its change towards energy transition. Indeed,

energy system is not only technology matter. Socio-energy and territorial approaches

(Jessop et al., 2008; Osti, 2010) underline the importance of features and relationships

between the territorial systems: natural, technological, economic, legislative, social, and

cultural ones. This research identifies substantial, procedural, and relational dimensions

or characteristics of territorial energy systems based on the Conflict Management Triangle
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(Solberg and Miina, 1997). 1084 journal papers have been selected based on specific crite-

ria, allowing 168 papers to be analysed using NVIVO11plus c©. Following the qualitative

and quantitative method applied for the systematized literature review, 15 dimensions and

41 sub-dimensions related to local population’s choices about energy transition have been

selected. This is a scientific attempt to use a content analysis software (NVIVO11plus c©)

in this scientific domain.

1.2 Introduction

Climate change effects are apparent in everyday life: alteration in precipitations, higher

temperatures, increased drought events, and rise in sea level (Solomon et al., 2009; Pachauri

et al., 2014). Climate change is caused by anthropogenic greenhouse gas emissions (e.g.

CO2) into the atmosphere (Pachauri et al., 2014). Greenhouse gas emissions can be de-

creased by reducing the use of fossil fuels towards the long-term process of energy transition

(Sovacool, 2016). For example, the European context is based on Directive 2009/28/EC

and the Energy Security Strategy (ERS, 2014) which specify three directions to follow:

(i) increase of renewable resources rate in energy production, (ii) rise of energy saving

and efficiency, and (iii) decrease of CO2 emission. These address energy systems towards

energy transition goals in the wider world.

An energy system can be described according to technological and social viewpoints.

From the technological viewpoint, an energy system is an integrated system including

several energy sources, technologies, and products for energy production, distribution and

consumption (Lund and Mathiesen, 2009; Mathiesen et al., 2015). An energy system can be

described through its characteristics of renewability (European Union, 2009), efficiency

(Union, 2014) and saving (European Union, 2009). From the technological viewpoint,

energy systems are socio-technological systems that involve not only machines, pipes,

mines, refineries, and devices but also the humans who design and make technologies,

develop and manage routines, and use and consume energy (Miller et al., 2013, p. 136). As

Sovacool (2014) has pointed out the production, distribution and consumption of energy

is determined by the interactions between the technical and human components of an

energy system. The energy system is the result of the actions of individuals, stakeholders,

and public actors in a territory. These actions can be a reaction to interventions of other
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actors or an autonomous action such as individual initiative, in a territory in which global

and regional contexts impose their limits.

Social and individual reactions to energy interventions, plants, or technologies in a

territorial context are often investigated in the scientific literature through the acceptance

concept. Upham et al. (2015) consider social acceptance as a “multi-actor phenomenon”

or response to energy interventions such as new RE plants. However, acceptance “risks

oversimplifying the interactions between societies, communities, collective actors and in-

dividuals and energy technologies and further risks perpetuating a normative top-down

perspective of these relationships” (Upham et al., 2015, p. 107). This research considers

acceptance in wider way. Indeed, other literature does not investigate reactions, but ac-

tions for low carbon energy systems (Hielscher et al., 2011) such as energy innovations

and initiatives.

Selected literature considering reactions and actions of people (from here, the term

actions is used for both concepts of actions and reactions) emphasizes the context in

which the energy system is inserted and shaped. Sometimes, by observing two or more

territories that have a similar availability of natural, technological, economic and legisla-

tive resources, different local population actions can be discerned (Ekins, 2004; Zoellner

et al., 2008) distinctively shaping the local energy systems. For example, some energy

systems focus on the importance for direct links of local resources to the possible actions

of the local population. Further, some energy systems consider real social, environmental

and economic resources of the territory by looking for an effective use of local resources

(Di Somma et al., 2017) and, consequently, they emphasise the energy system concept as

both socio-ecological and socio-technological (Hodbod and Adger, 2014). These systems,

known as distributed energy systems, include small-scale technologies, RE and storage

units providing closed energy to end-users (Di Somma et al., 2017) based on a community

or other type of ownership and management. The features of this kind of energy system

are of specific interest for investigating the possible connections between energy and so-

ciety within a site-specific context. For this reason, the dimensions and sub-dimensions

that influence population’s choices linked to local energy systems are investigated in the

current literature. However, it is important to mention that theoretical analyses of the

linkages between energy and society from a sociological perspective are still in a black box

waiting to be opened (Sovacool, 2014). This research aims to define if and which dimen-
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sions and aspects of territory address local population choices and related socio-energy

system changes towards energy transition, and how the actors, processes, and networks of

local population are approached for their analysis in scientific literature. The value of the

paper is to improve the research and the theorization on the relationship between energy

and local societies, through the consideration of actors, processes, and networks that act

for changes towards low carbon and distributed energy systems.

The paper is organized in five sections. After the presentation of the main scope of

the research in the Introduction, Section 1.3 presents the theoretical background and ana-

lytical framework proposed for the literature analysis. Section 1.4 describes the materials

and explains the methods used for the content analysis of the selected literature with

the NVIVO11plus c© software. Section 1.5 presents the results and discusses the relevant

dimensions of energy transition in local territories. Some concluding remarks are then

proposed (Section 1.6).

1.3 Conceptual background

From the sociological perspective, an action is a set of deliberated acts made by collective

or individual actors. The actors choose between several alternatives for achieving a goal

(trade-offs). Moreover the choices are based on and influenced by the context in which

actors operate (Weber, 1978). This perspective is also applied in relation to human choices

made on energy issues. The territory is one of those contexts. Territory is a delimited

surface with an active system in which actors act on space and time and in relation to

its material environment (Osti, 2010). However, territory usually interacts with actors

and resources within wider contexts. Territory is a simply term which implies a great

complexity. It involves different scales of interaction and levels of governance. Indeed, a

territory can have different geographical extensions, from global to local ones, and they

all influence one another.

Within a given territorial extension, five interactive systems make up the territory

(Garegnani et al., 2018): natural, technological, economic, legislative and social ones.

The natural system describes the natural environment of a specific territory including im-

portant resources for producing energy. Plants and technologies constitute the so-called
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technological system that can give space or not to further technological development or

plants diffusion. Producers, distributors, consumers, their roles and interactions make up

the economic system (Maruyama et al., 2007). The legislative system is composed of rules,

programmes, norms and legislations (Bjelic and Ciric, 2014). The entire system addresses

or limits the choices. Lastly, the social-cultural system constitutes the sum of people and

institutions, social rules, habitus, cognitive values and relationships.

Through the interactions and thanks to the available resources of the five systems,

local territories shape their energy systems through local population’s choices made in

and influenced by territorial context. Territorial context addresses change opportunities

through its characteristics and limits and, in this context, local population has the op-

portunity to make choices about low carbon energy systems. Low carbon energy systems

are achieved by improving the production, distribution and consumption of energy based

on a sustainable use of local resources and decreasing negative social, environmental and

economic impacts by implementing, for example, distributed energy systems.

The actors’ knowledge about the five territorial systems can increase the opportunities

for low carbon energy systems. Each system in the territory is composed of three types of

dimensions (Figure 1.1) that can be summarised using the Conflict Management Triangle

(Solberg and Miina, 1997): substantial, procedural and relational. Conflict management

triangle is an useful tool to support the literature review identifying different levels of

analysis of each territorial system. This research distinguishes between a substantial level

of territorial characteristics made by individual and collective dimensions that describe the

current features of a system; a procedural level that describes processes driving change;

and a relational level that describes interrelationships between components of each system.

First, the substantial dimensions include the characteristics that belong to the system in

a precise time and space, i.e. socio-demographic characteristics of the population, or the

presence of RE plants. Furthermore, the system plays according to some processes, pro-

cedures and rules. Indeed, the procedure is a series of actions that are taken in a certain

way or order: an established or accepted way of doing something. For example, the energy

system is driven by technological innovation that has a certain speed of diffusion, and the

social system according to decision-making processes. Finally, actors or components have
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relationships with one another in the five systems. In this case, the characteristics of rela-

tionships (i.e. trust, information sharing, collaboration, integration in networks) between

components (actors, plants, etc.) are important. Low carbon energy system is the

result of actors who make choices in territory composed by natural, technolog-

ical, economic, legislative, social, and cultural systems and their substantial,

procedural, and relational characteristics (Figure 1.1 and Figure 1.2).

Figure 1.1: Conflict Management Triangle. Source: Solberg and Miina (1997) - modified.

Figure 1.2: Background for analyzing the energy system in a territory. Source: own elaboration.

Actors make energy choices that are low carbon or not, choosing between several alter-

natives which are limited in the existing territorial context at different scales. When local

actors choose low carbon goals, local actions shape low carbon energy systems or other

local changes (e.g. in supporting policies) towards low carbon energy systems (Michalena

and Angeon, 2009; Kasperson and Ram, 2013; Longstaff et al., 2015; Van Rijnsoever et al.,

2015). Socio-technical change theories explain that context is made by landscape, regime,

and niche levels (Sovacool and Hess, 2017) and people choose based on limited alternatives

given by this context that is no easy changeable in the short period. Local population
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makes choices in this context based on different dimensions (substantial, procedural, and

relational) and scales (landscape, regime, and niche) confirming or not the characteristics

of socio-energy system, or participating to niche innovation. For example, Magnani and

Osti (2016); Gross and Mautz (2015) underline that structural socio-economic and infras-

tructural features of a country are the landscape that limits people’s choices in a local

territory. People must make choices in a given landscape and regime (e.g. presence of

historical energy companies and monopolies), and push to change them through niche and

other forms of change (Geels and Schot, 2007).

1.4 Methods

Within an influential territorial context, the local population’s choices and responses

to energy transition contribute to shape energy systems in the RE production sector.

Based on this assumption, this research approaches the systematic literature review by

focusing on the most used human and social science terms and concepts (key words in

different combinations) in the research field and on the most visible publications according

to the number of citations. First, local population’s choices and responses address a

continuum between support and opposition to energy system changes. In the continuum,

two concepts are often used in human and social science scientific literature: acceptance

and conflict. Second, the online database (SCOPUS) was consulted and used to search

and collect all the publications related to combinations of the following specific key words:

• “Acceptance AND ‘renewable energy’ ”

• “Conflict AND ‘renewable energy’ ”.

Acceptance is one of the most used words in publications that concern the interac-

tion between a local population and a low carbon energy system. Moreover, this research

focuses on local territories. The literature search should include local, public, community,

end-user, or societal acceptance according to different definitions of actors who are

accepting the energy transition (Devlin, 2005; Devine-Wright, 2005; Wüstenhagen et al.,

2007; Zoellner et al., 2008; Musall and Kuik, 2011; Baharoon et al., 2016). However, the

results of the first online search showed that these adjectives are not exhaustive in defin-

ing all the possible categories of actors. Therefore, the keywords local, public, community,
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Search

words

Field of

research in

SCOPUS

Number

of publi-

cations

Filter to exclude the

following subject ar-

eas

Number of

publications

after the

subject areas

filter

Filter to

include

only the

publica-

tions in the

following

period

Number of

publications

after the

year filter

Acceptance

AND “re-

newable

energy”

Title,abstract,key

words

602 “Chemical Engineer-

ing”, “Chemistry”,

“Biochemistry, Ge-

netics and Molecular

Biology”, “Immunol-

ogy and Microbiol-

ogy”, “Pharmacology,

Toxicology and Phar-

maceutics”

539 1979-2015 493

Conflict

AND “re-

newable

energy”

Title,abstract,key

words

482 “Chemical Engineer-

ing”, “Chemistry”,

“Biochemistry, Ge-

netics and Molecular

Biology”, “Physics

and Astronomy”,

“Immunology and

Microbiology”

446 1979-2015 403

Table 1.1: Online literature search in SCOPUS on 22nd July 2016. The literature includes publications searched in

SCOPUS with the following key words: Acceptance AND renewable energy, and Conflict AND renewable energy.

Some filters were adopted to select the publications to include in the literature review (subject areas, year).

end-user, or societal acceptance have been substituted with the wider keyword acceptance.

Furthermore, the local population’s responses are not always positive (acceptance). Thus

the key word conflict is added. The second focus of this research is energy system renewa-

bility even if renewability is only one of the important characteristics of low carbon energy

systems. Considering the interaction between conflict-acceptance and energy system

renewability, the key words renewable energy are used.

Figure 1.3: Box plot with descriptive analysis of publications in the period 2005-2015. Source: own elaboration

based on Statplus for Mac.
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In this way, 1084 publications were found in the reference period of 1979-2015. The

huge amount of publications can lead to a problem of “coding fatigue” and consequent

errors in the analysis (Sovacool, 2014). Authors use systematic literature reviews thanks

to a team of coders (Sovacool, 2014), but in this case the resources were limited choosing

for the selection of some publications (Table 1.1). Thus the most visible publications were

chosen for the analysis according to the number of citations per publication in the

reference period and selecting the publications with the highest number of total citations

(2005-2015). The number of citations is one of indexes that attest to the importance

of the specific publication (Wilsdon, 2016) and it underlines the importance in research

agenda structure. However, other indices could be used (e.g. SCOPUS publications in

the last year, journal impact factor). They are included in the interval between the 3rd

quartile (horizontal line at the top of the box) and the maximum value (circle) (Figure

1.3). Consequently, there are 187 most cited publications. Of these 187, nine were twice

present in both “Conflict AND renewable energy” and “Acceptance AND renewable en-

ergy” and 10 do not concern my topics. The final dataset included 168 publications that

have been analysed quantitatively and qualitatively based on the method proposed by

Sovacool (2014).

The quantitative analysis uses R for statistical investigation of the contents. The

publications are classified according to several criteria: disciplinary affiliation, analysis

unit, investigated technology areas or energy source, and energy goals. First, disciplinary

affiliations of the selected publications are economics, engineering, environmental science,

geography, law, medicine and veterinary medicine, planning, psychology, sociology and

communication. Second, selected publications have a different analysis unit or study

object:

• legislation, e.g. in Rowlands (2005); Rubini (2012); Vaona (2012), and policies in

Ŕıo (2009)

• individual families or people. This group of publications focuses on energy-related

perceptions or actions of people or families that act for individual reasons and aims,

e.g. in Kraeusel and Möst (2012); Zhai and Williams (2012)

• single technology or renewable source with main focus on their characteristics and
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impacts, e.g. in Margheritini et al. (2012); Khan and el Dessouky (2009)

• stakeholders defined as organized and unorganized groups that are affected by or

affect, in the present and future, changes in energy system in terms of rate of RE,

efficiency and saving towards energy transition, e.g. Grimble and Wellard (1997);

Reed et al. (2009). They act according to group interest, such as representatives of

environmental movement

• wider entities such as local, regional, national and transnational territories, e.g. in

Bjelic and Ciric (2014); Stoms et al. (2013)

Beyond the analysis unit, publications differ in investigated technology areas (i.e.

batteries, consumption devices, distribution grids and wider energy systems, transports)

or energy sources (i.e. biomass, geothermal energy, hydroelectric, hydrogen, PV, solar,

wave, wind). Lastly, energy goals of papers are energy production, energy saving, effi-

ciency, carbon capture, or integration of energy with other issues.

The second part focuses on the qualitative and quantitative analysis of publication

contents giving a measure and a meaning of texts thanks to NVIVO11plus c©. In qualitative

analysis, the contents are grouped based on the previously presented background (Figure

1.1 and Figure 1.2).

1.5 Results and discussion

1.5.1 Description of the 168 selected publications

The 168 selected and investigated publications belong to different research fields. Selected

publications are classified according to disciplinary affiliation and research analysis unit

(Figure 1.4). Disciplinary affiliation is categorized in the 11 disciplines of the figure ac-

cording to the department or institute of affiliation of the authors. Not all authors that

collaborate in an institute belong to the main institute discipline, but a cross-check has

made according to the main theories and approaches used in each publication to confirm

discipline affiliation. The categorization of disciplines investigates how much each disci-

pline contributes to the selected literature, which are the main diffused perspectives that
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can contribute to research and policy agenda, and how much multidisciplinary research

is relevant in energy transition studies. Even if social acceptance is more a social or hu-

man concept, engineering is the most relevant research field (Figure 1.4 and Table 1.2).

On the one hand, engineers focus on the characteristics of single plants and technologies

(i.e. characteristics and impacts). On the other, engineer efforts are on wider territorial

potential in the energy sector. The next most important research fields are economics

and sociology. While economists treat economic impacts of single technologies and plants

and individual choices, sociologists prefer to investigate the social potential of entire ter-

ritories for low carbon energy choices from wider stakeholder and individual viewpoints.

Some publications also tend to mix several research fields combining engineering with

sociology or economics with psychology. The results of the literature review shows that

multidisciplinary contribution tend to be wider ranging in SCOPUS, except for engineer-

ing field. Publications thus confirm the need to combine several research fields and extend

viewpoints to achieve important results in the energy research field. Other research fields

explore acceptance and conflict in RE issues but with fewer publications: environmental

sciences, geography, law, medicine and veterinary medicine, psychology.

Several research fields, especially engineering, consider single energy sources and tech-

nologies. In this group of publications, researchers investigate single components, such as

biomass as a RE source (Hastik et al., 2016; Van der Horst and Evans, 2010) or a specific

technology for energy production. Other engineers focus on the characteristics and poten-

tial of territories, i.e. in (Sawangphol and Pharino, 2011; Galparsoro et al., 2012; Scheidel

and Sorman, 2012; Kerr et al., 2014; Sun et al., 2014). Sociologists investigate individuals,

stakeholders (Späth and Rohracher, 2010), and, partly, entire territories. There is a lack

of literature on legislation referred to human and social science concepts of acceptance and

conflict in RE research field (Rowlands, 2005; Rubini, 2012; Vaona, 2012).
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Number of publications Percentage of publications

Batteries 3 1.79

Biomass plants 17 10.12

Consumption advice 4 2.38

Distributional grids 11 6.55

Energy system 40 23.81

Geothermal plants 4 2.38

Hydroelectrict plants 5 2.98

Hydrogen plants 4 2.38

Mix 18 10.71

Other 7 4.17

Photovoltaic plants 14 8.33

Solar plants 8 4.76

Transport 3 1.79

Wave plants 9 5.35

Wind plants 21 12.5

Total 168 100.00

Table 1.2: Selected publications investigate several renewable energy sources and technology areas.

Figure 1.4: Selected publications are classified according to disciplinary affiliation and research analysis unit.

Source: own elaboration based on R.

Each publication focuses on one or more energy technology or source (Table 1.2). Most

publications consider an entire energy system. Indeed, production is just one of the impor-

tant energy topics and goals. The category of entire energy system of Table 1.2 includes

e.g. interaction between several technologies or sources, interaction between infrastruc-

tures or plants, integration between energy production, distribution, and consumption, or

water-food-energy nexus. Accordingly, energy changes are related to the increase of en-
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ergy production, energy saving and efficiency, carbon capture, and integration with other

issues (i.e. other economic sectors, environmental protection). Publications about more

than one technology or source are relevant as well (Mix) and they concern two or more

technologies without investigating integration or interaction between them. Considering

publications related to single source, the most relevant are biomass and wind.

1.5.2 Quantitative and qualitative content analysis of the 168 publica-

tions

A multi-viewpoint analysis is made of the publication contents. The local population acts

through or in the face of energy system modifications of public concern (Michalena and

Angeon, 2009; Kasperson and Ram, 2013; Longstaff et al., 2015; Van Rijnsoever et al.,

2015): i.e. building of a new RE plant or founding of a RE cooperative. The people

and groups usually have two possibilities: (a) react to changes choosing or not choosing

between positive, negative, or neutral alternatives (adopt or not adopt, take position for

or against, participate in technology ownership or not, participate in the decision-making

process or not), or (b) act with innovations for energy transition.

The local population’s actions or reactions to changes towards low carbon energy

systems belong to social actors. The actors can be individuals (e.g. farmers or citizens)

(Devine-Wright, 2005; Sauter and Watson, 2007; Dowd et al., 2011; Stigka et al., 2014),

stakeholders (Dvarioniene et al., 2015; Wolsink, 2018), or territories (Maruyama et al.,

2007) that are included in a local context. As shown in the selected publications, the

individual level reacts for example as households that choose their appliances according

to individual characteristics and preferences. The stakeholder level includes interactions

between local groups who have different interests and react to proposed energy infrastruc-

tures or act towards energy transition according to group interest. The territorial level

focuses on a wider context that acts with a wider acceptance of RE technologies (Upham

et al., 2015).

Content analysis of the 168 selected publications uncovers 585 statements in which

the three dimensions of each territorial system are cited (Table 1.3). Especially, the

literature analysis shows 322 statements linked to the social system of local territories.
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Territorial system Dimensions Sources Statements

A. Social

A.1 S 52 165

A.2 P 25 82

A.2 R 29 75

Total 106 322

Natural

B.1 P 15 24

B.1 S 0 0

B.1 R 0 0

Total 15 24

Technological

C.1 P 55 111

C.1 S 9 13

C.1 R 6 13

Total 70 137

Legislative

D.1 P 17 36

D.1 S 3 5

D.1 R 5 6

Total 25 47

Economic

E.1 P 28 51

E.1 S 1 1

E.1 R 3 3

Total 32 55

Total 248 585

Table 1.3: Number of sources and selected statements (i.e. phrases or paragraphs) per each node that investigate

the territorial system and its dimensions in the qualitative analysis. The dimensions are substantial (S), procedural

(P) and relational (R).

These statements include the 41 sub-dimensions of social system that influence

the local population’s actions shaping energy system renewability (Table 1.6).

Furthermore, the analysis shows that further sub-dimensions of other territorial systems

are investigated with social ones (Table 1.3): seven for economic system, four for natural

system, seven for legislative system, and eight for technological system.
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Dimension Sub-dimension Specific aspects

A.1 Substance A.1.1.Socio-

demographic char-

acteristic

Characteristics of population in terms of:

• Family income

• Family size

• Number of families

• Population density in a local territory

• Distribution of inhabitants in the territory

• Variation of inhabitants in selected year of reference

• Age structure of the population

• Gender structure of the population

• Employment

• Education

• Quality of life or household wealth

A.1.2 Cultural aspects Cultural features in terms of:

• Symbolic aspects (e.g. traditions, modes of social organizations, and cul-

tures)

• Affective aspects (e.g. affective ties between individuals, groups and socio-

physical environment)

• Socially constructed aspects

• Collective identity

• Place attachment (emotional connection to location)

• Landscape cultural values (e.g. attachment to landscape context or land-

scape quality)

• Land cultural value (e.g. historical and cultural functions of the land)

• Environmental attitudes of the population

• Safety culture (e.g. attitudes and behaviors that increase development and

implementation of safe technologies)

A.1.3 Habitus Schemes of thought, perceptions and actions people have in the long period using

energy, i.e.:

• Local history of renewable energy

• Habitus of resilience (or the capacity to group and respond to a crisis)

• Habitus of initiative

• Habitus of collective ownership

A.1.4 Preferences and

interests

People develop preferences:

• Between renewable energy and nuclear or other kinds of energy production

sources and technologies

• Between different energy appliances

• On local distinctiveness

• Between several local development choices

Continued on next page.
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Dimension Sub-dimension Specific aspects

A.1 Substance A.1.5 Perceptions and

public beliefs

People develop perceptions, about:

• The distribution of risks and benefits

• The level of sustainability

• The impacts of renewable energies and single technologies

• The future of REs, developing optimistic or pessimistic expectations

• The risks of climate change

• The meaning of energy security

• The possibility of power plant accidents

• The advantages and disadvantages of REs development

• Impacts of REs implementation on local development

A.1.6 Citizens initia-

tives

Citizens initiatives are expressed as:

• Environmental or other forms of activism

• Social movements

• Technology- and product-oriented movements

• Investments in energy saving measures or other energy interventions

• Communication through media and other tools.

A.1.7 Human capital Human capital is considered in terms of background information, knowledge and

awareness concerning:

• Renewable energy technologies (RETs)

• Link between energy used and CO2 emissions

• Climate change

A.1.8 Commitment Commitment is investigated considering

• Object of the commitments of several actors

• Expressed commitments

• Public discussions

• Public debate in the media

• Shared visions of local actors

• Correspondence of activities with group and individual commitments

A.2 Procedure A.2.1 Institutional

and socio-political

context

The institutional and socio-political context is characterized by:

• Type of decision-making process, i.e. representativeness inter-sectoral pro-

cess, transparency, time and cost consuming

• Public policy framework

• Democratic deficit of the planning system

• Procedural justice

• Top-down or bottom up planning

Continued on next page.
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Dimension Sub-dimension Specific aspects

A.2.2 Participation Participation permits people and stakeholders to be involved in the technological

or change process. The participative mechanisms and processes are investigated

considering:

• Level of participation

• Goals of participation

• Timeline and accuracy of information

• Involved actors

• Cooperation mechanisms

• Current and past community ownership or engagement

• Legitimacy of participative mechanisms and processes

• Ability of voice to be heard, adequate information, being treated with re-

spect, and unbiased decision-making

• Engagement of the interests of local community

• Consideration of local sentiments

• Expectations of actors

A.3 Relation-

ship

A.3.1 Habitus People also develop habitus in terms of relationships with others. Consequently,

the existence of a systematic network for public issues and energy topics is impor-

tant. These habitus-networks are analyzed in terms of involved actors, and network

characteristics. Three kinds of relationship are interesting:

• one influences the individual choice for individual energy appliances and

plants

• one influences the individual choice to participate or be involved in a com-

mon experience (cooperative, district heating),

• one influences the implementation of common plants.

However, not all relationships are habitus.

A.3.2 Source of the re-

lationship

Relationships can be described as bridges between actors that permit the exchange

of several resources, i.e. information or discussions with the aim to make decisions.

A.3.3 Actors in the re-

lationship

Variety of actors, relationships between different levels of actors (citizens, stakehold-

ers, decision-makers).

A.3.4 Characteristics

of the relationship

The characteristics of the relationships are related to:

• Trust between actors

• Trust in authorities

• Informal contacts

• Coordination mechanisms

• Cooperation versus competition links

• Shortness of the communication links

• Transparency of relationships

• Social capital

• Density of relationships

A.3.5 Object of the re-

lationship

It is possible create a guiding vision and, consequently, the network based on this

vision. The vision aims to promote a territory with precise characteristics.

Table 1.6: Dimensions and sub-dimensions of the territorial social system that can influence local population’s

actions or reactions to energy transition.
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A. Social system

A.1 Substantial dimensions

Considering the social system (Table 4), substantial dimensions that influence local

population actions include (A.1.1, A.1.8) individual and (A.1.2) cultural characteristics of

people and families, their (A.1.3) habitus, (A.1.4) preferences, (A.1.5) perceptions, (A.1.6)

initiatives, and (A.1.8) commitments. Some of these characteristics are individual, while

others belong to the entire social system. Both influence people’s choices, actions and

reactions. Ertör-Akyazı et al. (2012) explain very well that socio-demographic character-

istics have a different influence for each case study:

“Ek (2005), for instance, showed that age and income were negatively related with sup-

port for wind power in Sweden, while Greenberg (2009) found that these variables were in-

significant correlates of renewable support in the US. Similarly, Ansolabehere and Konisky

(2009) demonstrated that income was insignificant in explaining opposition to wind power

in the US, but Firestone and Kempton (2007) found that opponents to an offshore wind

power project in Nantucket Sound, the US, were likely to be wealthier. With regard to

nuclear energy, within the US context, Webber (1982) found that nuclear opposition was

positively related to age and education, and negatively to income.” (p. 14)

However, some sub-dimensions seem to be universal in influencing local energy system

changes (Figure 1.5). On the one hand, the important sub-dimensions are individual char-

acteristics such as quality of life, perceptions, human capital and commitments. On the

other, the important contribution to low carbon energy choices is given by social context:

local and social identity, habitus of resilience, habitus of initiative, and habitus of collective

ownership. Substantial change of quality of life creates environmental stress address-

ing the need to change towards energy transition. Further, the individual is interested

in reducing costs and using energy resources that maintain quality of life (Walker et al.,

2015). However, people’s perceptions are important to explain their choices. Two kind

of perceptions exist in this issue. On the one hand, perceptions on impacts of plants

and technologies (Zografakis et al., 2010). On the other, climate change risk perceptions

(Ertör-Akyazı et al., 2012). Negative local population’s actions are also due to a lack
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of or misleading information (Zografakis et al., 2010). Otherwise, a good human cap-

ital (knowledge, information and awareness) promotes innovation and creativity (Beria

et al., 2012), significant behavioural changes and diffusion of more efficient technologies

(Rogers et al., 2012) for changes in energy system. Commitments such as environmen-

tal activism (Ertör-Akyazı et al., 2012) and fight against climate change also depend on

knowledge (Dowd et al., 2011; Upham et al., 2015; Wolsink, 2007) and environmental

soundness (Wolsink, 2007) of energy issues. Anyway, the local population acts in (A.2.1)

an institutional and socio-political context that sometimes includes (A.2.2) participative

circumstances.

Considering not only individual aspects, local and social identity promotes positive

perceptions of energy changes (Devine-Wright, 2005) and local energy initiatives (Wolsink,

2007, p. 126) thanks to “symbolic, affective and socially constructed aspects”. The

local population sometimes creates a “safety culture” of RE sources placing attention on

environmental issues and promoting energy changes (Koh and Ghazoul, 2008). Local safety

culture is promoted by the local history of RE, habitus of resilience (or the capacity

to group and respond to a crisis), habitus of initiative, or habitus of collective

ownership. Indeed, habitus are considered schemes of thought, perceptions and actions

people have in the long period using energy (Osti, 2010; Upham et al., 2015). Some habitus

promote energy initiatives that focus on the deliverable of local and collective benefits, i.e.

through community RE (Rogers et al., 2012). The concept of habitus can be important to

increase the understanding of cultures and lifestyles influencing energy issues (Sovacool,

2014). In the analysis of social territorial systems, actors are approached based on two

different levels: individual and collective ones. Local population is made by individuals

who individually act, and collective entities culturally and socially embedded into the local

context.
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Figure 1.5: Universal substantial dimensions and key aspects of social territorial system (Table 1.6 - A.1).

A.2 Procedural dimensions

The institutional and socio-political context belongs to relevant (A.2) procedural sub-

dimensions of the social system. A “sense of lack of control over development or land

use planning processes” (Devine-Wright, 2005) creates negative perceptions, less accep-

tance, and fewer initiatives about energy changes. To be legitimated, the decision-making

process has to have characteristics, such as representativeness, inter-sectoral pro-

cess, transparency, low time and cost consuming (Figure 1.6). The legitimation

fosters positive actions and reactions to energy changes. A lack of participation in the

decision-making process also points to a legitimacy problem (Ertör-Akyazı et al., 2012).

The interesting concept of ecological modernization (Wolsink, 2007) helps to define

a positive decision-making process for promoting low carbon energy systems. It includes

(Wolsink, 2007, p. 2702):
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• “Open, democratic decision-making, rather than technocratic and corporatist-style

decision-making

• Participation and involvement, rather than planning and decision-making carried out

by scientic, economic and political elites

• Open-ended approaches that allow multiple views, rather than the imposition of sin-

gle, closed-ended proposals

• Broad changes in institutions, incorporating environmental concerns, rather than

technological solutions to environmental problems”

Figure 1.6: Universal procedural dimensions and key aspects of social territorial system (Table 1.6 - A.2).

A.3 Relational dimensions

Institutional, political and social contexts include relationships between actors:

“Social acceptance is not simply a set of static attitudes of individuals; instead it refers
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more broadly to social relationships and organizations” (Wolsink, 2010, p. 303).

Sources (A.3.2), actors (A.3.3), characteristics (A.3.4), objects (A.3.5) and habitus

(A.3.1) describe social relationships. Relationships are networks or means to exchange

sources, as shown by the social capital concept (Bowles and Gintis, 2002). One of these

sources is information. In this sense, the network is fragile because it causes reactions and

opinions and is based on understanding and learning (Dowd et al., 2011). A particularly

useful network source is word of mouth (Rogers et al., 2012). Information passes through

networks more easily if there is trust between actors. Information aspects are related

to trust in relationships (Upham et al., 2015). Actors of networks can feel part of a

community and stakeholders with access to power and technical knowledge should belong

(Dvarioniene et al., 2015). A strong actor network is usually able to promote energy

initiatives (Späth and Rohracher, 2010). For example, a higher level of trust between the

local population and institutional and promotional actors permits a quicker energy change

(Devine-Wright and Batel, 2013; Kontogianni et al., 2014). Furthermore, predisposition

of collaboration around a common vision (i.e. sound like environmentalists) between

actors is fundamental (Wolsink, 2007). A network helps this vision by bringing social

pressures (Rogers et al., 2008). Indeed, social influence processes and social networks

are important in determining public perceptions (Devine-Wright, 2005) and actions, and

consequent energy system changes or not changes (Figure 1.7).
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Figure 1.7: Universal relational dimensions and key aspects of social territorial system (Table1.6 - A.2).

Figures 1.5, 1.6, and 1.7 visualize a conflictual arena in the center and an acceptance

arena in the outside and darker circles. In the conflictual arena, the key aspects have neg-

ative value and the opportunities to increase RE production are fewer. In the acceptance

arena, the key aspects have positive value and the opportunities to change towards low

carbon and distributed energy systems are higher. The visualized key aspects are univer-

sal in the analysed literature. To understand the potentialities of change towards energy

transition, all substantial, procedural and relational dimensions must be considered, in-

dividually and one another. Actors, processes, and networks are the keys to investigate

energy system changes, made by conflictual or acceptance choices of local population.

These paragraphs were focused on social territorial system and its actors, processes, and

networks, but the research should move to other territorial systems and their interactions

with social ones.
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System Dimension Sub-dimension

B. Natural B.1. Substance B.1.1 Natural potential

B.1.2 Scarcity

B.2. Procedure B.2.1 Resilience

B.3. Relationship B.3.1 Trade-off

C. Technological C.1. Substance C.1.1 Characteristics

C.1.2 Siting or location

C.1.3 Ownership

C.1.4 Decision support tools

C.1.5 Climate change

C.2. Procedure C.2.1 Technological advance

C.3. Relationship C.3.1 Distributional grid

C.3.2 Mix of renewable sources

D. Legislative D.1. Substance D.1.1 Legislation and planning on energy issues

D.1.2 Other legislations

D.1.3 Institutional capital

D.2. Procedure D.2.1 Course of authorization process

D.2.2 Evolution of legislation

D.3. Relationship D.3.1 Network of authorities

D.3.2 European, national, and local legislation

E. Economic E.1. Substance E.1.1 Subsidies, incentives and tax deduction

E.1.2 Economic attractiveness of investment

E.1.3 Energy demand and offer or energy market

E.1.4 Economic sectors

E.1.5 Land use and resource trade-off

E.2 Procedure None

E.3 Relationship E.3.1 Economic impacts of energy sector on other sectors

E.3.2 Relationships between economic actors

Table 1.7: Dimensions and sub-dimensions of other territorial systems related to social system and cited in the

literature.
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B. Natural system

Some characteristics of other territorial systems are interesting in addressing energy

actions of the local population (Table 1.3). First, the social system interacts with the

natural system. On the one hand, the social system puts pressure the natural system

with population growth, rural-to-urban migrations, global climate change, and increase in

renewable sources demand. On the other, social systems develop an attachment to the

natural environment based on values and perceptions. Energy interventions should take

this double link between social and natural systems into account (Devine-Wright, 2005;

Koh and Ghazoul, 2008). Local population’s actions and reactions are mainly influenced

by natural systems in its characteristics of natural potential, scarcity of natural resources,

and trade-offs for resource uses. Furthermore, the social system interacts with technolog-

ical and research ones.

C. Technological system

Energy plants and renewable sources have their own potential that depends on techno-

logical advance, characteristics, plant location and ownership, and network in smart grids

and mix of renewable sources. Furthermore, technologies must be active in the energy sys-

tem. Technologies must thus be inserted in the territory through correct (or not correct)

adoption and use. Correct or not correct use depends on e.g. habitus, information on

RETs and possibilities to try them, perceptions on impacts and distribution of risks/ben-

efits of the RETs, ownership of RETs. In summary, there is a sort of communication

channel between social and technological systems through which they exchange informa-

tion on uses and needs (Wolsink, 2007; Wüstenhagen et al., 2007; Musall and Kuik, 2011;

Rogers et al., 2012; Wolsink, 2018; Carrosio, 2014; Kontogianni et al., 2014). This channel

is partly formed by the research system (Madlener et al., 2007; Chen and MacDonald,

2014; Dvarioniene et al., 2015). In fact, the research system is increasingly focusing on

energy issues, i.e. with calculations of local RE potential or technological advance. The

researchers try to collect information on and spread knowledge within the local popula-

tion on energy issues. These activities influence such dimensions of social systems that

can explain the response of territories (i.e. knowledge, awareness, involvement). Lastly,

economic and legislative systems influence actors in energy issues.
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D. Legislative system and E. Economic system

The social system is made up of individuals, stakeholders, or groups. These actors can

also be described as consumers and/or producers according to the economic perspective

(Maruyama et al., 2007). The energy system can be seen as a network between consumers

and producers, or investors. The economic system is sometimes linked to legislative ones

that confirm some economic mechanisms. The social system anyway functions within a

legislative and policy system. Rules, plans, norms, and legislation at local level therefore

influence the response of the territory that passes through actions (or no actions) of the

local population. The social system can also influence legislation and policies through par-

ticipatory processes or pressure (Upham and Shackley, 2006; Wüstenhagen et al., 2007;

Galparsoro et al., 2012; Bjelic and Ciric, 2014).

Each system is characterized by a set of dimensions that distinguish and interrelate

substantial, procedural, and relational characteristics, according to the Conflict Manage-

ment Triangle. The larger amount of sub-dimensions found in the literature concerns the

social system. This research underlines how actors, processes, and networks address the

change towards distributed energy systems increasing energy production based on renew-

able and local resources. Actors, processes, and networks of several territorial systems

act together for creating change opportunities. Different research fields investigate these

components. The initial choice of key words for the selection of publications in SCOPUS,

acceptance and conflict, mainly refer to human and social science concepts. However,

engineering research field is getting more and more interested, while law research field is

not interested in social science concepts of acceptance and conflict in RE sector. This

research lists dimensions and aspects of territory, which influence local population choices

and related socio-energy system changes. This research focuses more on social system of

territory underlining social actors, processes, and networks that are able to influence the

shape of energy system and the energy transition, without missing the other important

territorial dimensions.
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1.6 Conclusion

For addressing energy system change towards low carbon energy system, deep

analysis of dimensions and aspects that address the change is here made from territorial

and social perspectives. On the one hand, energy system changes are based on their tech-

nological aspects. On the other, territory and its social features address people and group

choices in energy terms. Be aware of the importance of social and territorial aspects for

energy system change can accelerate and increase energy transition.

The literature shows that the majority of considered publications refer to

a wider energy system and not to just one specific technology or project or one

specific decision-phase (i.e. siting), especially for the electrical part. The complexity

of an energy system is recognized (Madlener et al., 2007, p. 6061) considering the inter-

relation between actors, processes, and networks and a new methodological approach is

needed for overcoming it and including social and technological viewpoints. This paper

proposes the background for an analysis of the characteristics of a territory and the di-

mensions and sub-dimensions that address choices, actions, and reactions of people to low

carbon energy system features.

The analysis of 168 selected publications shows the set of sub-dimensions that are

related to actions and reactions of the local population to low carbon energy choices.

One observed trend is the transition from centralized to distributed energy systems

that produce from local renewable sources and consume the energy produced in loco.

The investigation of these choices is supported by the set of sub-dimensions. The set is

not expected to be exhaustive. Indeed, the literature focuses on the specific concepts of

acceptance and conflict that are usually used in socio-psychological analysis frameworks.

However, this research can be the starting point for a deeper case study analysis of local

population actions and reactions to energy transition. The results of this research can be

also applied to investigate the potential of energy system change in local territory and,

specifically, the potential to build distributed energy systems, which focus on the creation

of effective connections between energy, society, and resources in site-specific context.
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Chapter 2

Territory as socio-energy system

at translocal scale

Submitted as Balest et al. (2019)

2.1 Abstract

With the aim to propose recommendations on how to use social and territorial

specificities as levers for wider achievement of energy targets at local scale,

this research proposes a Decision Support Tool. Addressed to regional and local en-

ergy planners, the Decision Support Tool is based on an analytical framework that

considers territory as socio-energy system. The new definition of the elements of

territory as socio-energy system is based on a critical view of the territory underling the

interrelations between energy and society. The Decision Support Tool is applied to the

South Tyrol case study (Italy) and it is a replicable instrument for other regions.

Results show eight different socio-energy systems within the coherent cultural and

institutional context of South Tyrol. In particular, the results prove different socio-energy

systems in terms of (1) different RE source preferences in the semi-urban and the rural

contexts; (2) different links with other local planning, management, and policy needs;

(3) different socio-demographic specificities of individuals and families; (4) different kind
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of stakeholders and (5) different socio-spatial organizations based on land covers. Each

socio-energy system has its own specificities and potentialities that can address a more

balanced, inclusive, equal, and accelerate energy transition at translocal scale.

2.2 Introduction

European countries have recently agreed on new 2030 framework for climate and energy

to achieve a more competitive, secure and sustainable energy system (The Climate and

Energy Framework by Bonn UN Climate Change Conference 2017 )1 with the aim to go

beyond the Renewable energy Directive targets (European Commission, 2009).

The transition towards a new energy system characterized by larger adoption of

RE is already affecting European territories. EUROSTAT observers that 11 European

countries have already achieved Renewable energy Directive targets before 2020, even if

with a slowdown and a new interest on fossil fuels (Turnheim et al., 2018). In these global

and international trends, the meeting of European climate and energy targets through

strategies and planning is a challenge for researchers and decision makers (Petersen,

2018).

The contexts, actors, relationships, and dynamics at the local scale can contribute

to an accelerated, more balanced, inclusive, and equal energy transition. At the local

scale, public authorities have the opportunity to plan and manage the energy in their

territories, i.e. through Sustainable Energy Action Plans (SEAP) or Sustainable Energy

and Climate Action Plans (SECAP) of the Covenant of Mayors. In the development of

these plans, public authorities analyse the status quo of their territories from a CO2 emis-

sion, infrastructural, energy supply, demand and efficiency viewpoints and propose some

actions towards energy transition (Coelho et al., 2017; Balest et al., 2018). Pinto-Correia

et al. (2016) highlight the need to better inform energy planners on territorial

peculiarities, differences, and interested actors for developing effective energy plans.

Territorial planning is complex and considers several dimensions of the territory, such

as space-related processes (Brighenti, 2010), imagined entities (Anderson, 2006), space and

resources (Bridge et al., 2013) in an ongoing and interactive process (Jessop et al., 2008;

1Energy targets of the Climate and Energy Framework aim to achieve at least 40% green house gas

emissions decrease, 27% energy consumption decrease, and 27% energy efficiency increase.
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Shove and Walker, 2010; Osti, 2015). The territory is a socio-spatial entity in which

several actors act (Jessop et al., 2008; Osti, 2010), in the urban and rural environments

(European Court of Editors, 2018). Socio-energy systems are embedded in the territory

(Balest et al., 2018), involving not only energy supply and demand, technologies and

infrastructures (Miller et al., 2015). Socio-energy systems dynamically shape and get

shaped by social dynamics in the infrastructural, geographical, social, cultural and political

dimensions of the territory.

Defining territory is complex without introducing dimensions (Turnhout et al., 2014;

Medeiros, 2016). To this purpose, Balest et al. (2018); Garegnani et al. (2018) consider

natural, technological, economic, legislative, social and cultural dimensions to analyse the

interactions between local populations and territories. Balest et al. (2018) uses socio-

technical and socio-ecological perspectives to define the territory as socio-energy system.

In a socio-technical perspective, social, technical, and technological dimensions interact

with each other (Geels and Schot, 2007), while the socio-ecological perspective places

this interaction in a society-space environment (Park, 1915). Accounting for the energy

transition, the territory becomes a spatial socio-energy system involving human and local

population’s choices on technologies and energy uses (Miller et al., 2015; Balest et al.,

2018).

Local territories have specific needs, preferences, resources, and different responses to

national or international policies and pressures (Geels, 2002; Dı́az et al., 2017; Morton

et al., 2018). Exploiting natural resources and increasing RE initiatives are decisions

taken at municipal scale (Nabielek et al., 2018). This is the closest administrative scale

to people, at least in the Italian context. As described by Kraxner et al. (2015); Novotná

et al. (2016), it should be noted that the local entity (i.e. the municipality) is not always

the most effective one for achieving RE goals. The need to plan at a translocal scale is

commonly recognized, but different researchers use different scales of translocality (Bridge

et al., 2013; Kraxner et al., 2015; Novotná et al., 2016; Nabielek et al., 2018). Many works

(Bridge et al., 2013; Nabielek et al., 2018) deal with the regional scale (Nabielek et al.,

2018), while this research focuses on translocal scale emphasizing the role of collab-

orations between local entities (Bridge et al., 2013; Rockenbauch and Sakdapolrak,

2017). Indeed, municipalities have the capacity to plan, but the planning effectiveness is
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weakened by a scarcity of economic and other resources (Kraxner et al., 2015; Novotná

et al., 2016). This reason cannot justify the shifting of energy planning to the regional

level. This research instead proposes to foster collaborations between municipalities at

translocal scale, with the aim of sharing resources and needs in order to achieve

local energy targets effectively.

Translocality describes a localized context across borders in which actors develop their

own engagements (Greiner and Sakdapolrak, 2013) and everyday planning and manage-

ment practices (Shove and Walker, 2010). The interconnections are possible through net-

works of mobility and relationships (Greiner and Sakdapolrak, 2013). Today, borders in

terms of resources and potentialities are not easily recognizable (Sassen, 2018) and translo-

cal geographies are relevant for energy planning (Sassen, 2018). Translocal geographies

are able to connect territories that are closed or faraway in spatial and social terms.

The analysis of the connections between territories is not based on spa-

tial proximity in this research. Cooperation between neighbouring municipalities can

be reductive and reduce energy transition opportunities (Sánchez-Zamora et al., 2017),

emphasizing inequalities and disparities in energy transition process (European Com-

mission, 2008; Sánchez-Zamora et al., 2017). The European Court of Editors, in the

technical report Renewable energy for sustainable rural development, is enhancing com-

mon planning approaches and improving the coordination among territories considering a

wider concept of translocality that includes similarities between territories (European

Court of Editors, 2018).

Linked to the need of a translocal territory planning approach, the European Com-

mission proposes the concept of territorial cohesion in the Green paper of 2008,

addressing both energy transition and local development across Europe (European Com-

mission, 2008). Territorial cohesion is a concept that aims to increase sustainable de-

velopment thank to territorial specificities and similarities (European Commission, 2010;

Walsh, 2012; Aarts and Houwing, 2015; Medeiros, 2016; Alexiadis, 2017) that represent re-

sources of collaboration in a polycentric planning and management system (Ostrom, 2010;

Sovacool, 2011; Dao et al., 2017). Territorial cohesion means to share resources and needs

for achieving common goals and development through collaborations between localities

49



(Aarts and Houwing, 2015; Medeiros, 2016), including all territories in development cir-

cuits (Walsh, 2012). The homogeneities among local territories “facilitate more balanced

and inclusive territorial development” of local territories (Sánchez-Zamora et al., 2017, p.

48). The studies on territorial cohesion focus on homogeneities in terms of environmental,

social, economic, geographical, and governance resources (Sánchez-Zamora et al., 2017).

This concept is an interesting basis for the local and translocal energy planning.

How to define territorial specificities and similarities in order to increase effec-

tiveness of energy planning through translocal collaborations? One of the methodologies

used for grouping similar territories based on their specificities and similarities is the

cluster analysis (Yang and Hu, 2008; Pecher et al., 2013). Cluster analysis includes

algorithms able to calculate distances based on the homogeneities within the groups and

the heterogeneities among the groups (Pecher et al., 2013). Several authors (Yang and

Hu, 2008; Pecher et al., 2013; Novotná et al., 2016) analyse typologies of territory through

the methodology of clustering, considering socio-economic, and spatial features at national

or transnational scale. Even though they provide accurate information, they neglect the

integration between social and energy dimensions.

This study uses social science, energy, and planning perspectives empha-

sizing the importance to include social variables for describing the territory

as socio-energy system at translocal scale. This study aims to define an analytical

framework for the territory as a socio-energy system, identifying specificities and similar-

ities in translocal homogeneous groups of municipalities. These groups of municipalities

have potentialities and resources for collaborative energy planning. This study integrates

territorial cohesion concept (Alexiadis, 2017; Sánchez-Zamora et al., 2017) with a defini-

tion of territory as socio-energy system.

This research proposes a Decision Support Tool (DST) that integrates socio-demographic,

quality of life, socio-economic, cultural, governance and political, geographical and infras-

tructural, energy and climate dimensions and related 41 place-based variables. A map

(Figure 2.2) shows the homogeneities and potential collaborations between municipalities

in a region, emphasizing common resources and needs.

After defining the relevant territorial and social dimensions of a socio-energy system
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embedded in a territory (Section 2.4), this research applies the analytical framework to

a case study in Northern Italy (Section 2.5): South Tyrol. Results show eight different

clusters of municipalities. Each one has its own socio-energy specificities (Section 2.6) and

some of these can be used as assets by energy planners (Section 2.6.1).

2.3 Materials and methods

Before grouping similar municipalities by means of cluster analysis, variable choice is an

essential step (Ketchen and Shook, 1996). Since irrelevant variables can influence cluster

results, a deductive approach (Ketchen and Shook, 1996) is used. Ketchen and Shook

(1996) suggest a theoretical foundation when the analysis aims at explaining or predicting

relationships. For this reason, variable selection is based on the literature review by

defining several dimensions (Section 2.4).

Starting from Balest et al. (2018), the authors look at the relationships between local

population and RE projects, identifying the main dimensions affecting the effectiveness of

energy plan. Balest et al. (2018) define “low carbon energy system” as “the result of actors

who make choices in territory composed by natural, technological, economic, legislative, so-

cial, and cultural systems” (p. 171). These characteristics of territorial energy systems are

compared with dimensions coming from the territorial cohesion literature (Figure 2.1). In

the scientific literature, the territorial cohesion was firstly defined through the economic

dimension by including diversification, competition, entrepreneurship, innovation and ac-

tors (Medeiros, 2016; Sánchez-Zamora et al., 2017). More recently (Aarts and Houwing,

2015; Medeiros, 2016), territorial cohesion is composed by socio-economic, environmen-

tal sustainability, cooperation governance, and morphologic dimensions at translocal scale

(Aarts and Houwing, 2015; Medeiros, 2016).

The crossing of the two lists of dimensions creates a third list of dimensions and

factors that define the elements of territory as socio-energy system at translo-

cal scale2. This list of dimensions includes relevant informations of territory in territorial

cohesion terms, and relevant information on how local population interacts with its own

2The final list of dimensions and factors aims to cluster all territories within a region. The lack of

qualitative data for all municipalities on i.e., symbolic and affective aspects or collective identity (Balest

et al., 2018) does not permit to have a complete and exhaustive list. Qualitative aspects will be considered

in the steps of a future research.
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territory in front of RE projects. A cluster analysis based on this list permits to de-

scribe and analyse specificities and similarities between territories useful for developing an

effective energy plan (Figure 2.1).

Figure 2.1: Flow of methods used in this research.

Moving these analytical dimensions into values is not easy (Medeiros, 2016). Data

collection and harmonization3 in the South Tyrol case study permit to create a regional

database through which municipalities are clustered (Figure 2.1). The spatial coordinates

3In the case of spatial data (raster and shape format), the statistical tools of GRASS (Neteler et al.,

2012) are used to transform the shape of data from spatial to .csv.
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are the only variables not included in the cluster analysis. The goal is indeed to identify

potential relationships in a region based on a wider concept of translocality that avoids

criteria based on spatial proximity and emphasizes territorial specificities and similarities.

The results are mapped through a Geographic Information System (GIS). The use of

maps not only support the communication of results to energy planners but provides a

visual interpretation of the clusters.

2.4 Analytical dimensions and key aspects

The following list of dimensions and key aspects derive from the crossing of the relevant

dimensions in the two considered literatures: publications on local population’s actions

and reactions in front of RE projects (Balest et al., 2018) and publications on territorial

cohesion, i.e., Medeiros (2016).

2.4.1 The socio-demographic, socio-economic, quality of life, and cul-

tural dimensions

The socio-demographic, socio-economic, quality of life, and cultural dimensions account for

local characteristics and resources of individuals, groups, and economies. These dimensions

focus on actors - i.e., enterprises and inhabitants - and relationships.

These dimensions can support energy planning in several ways:

Enterprises could be relevant “actors in energy transition” (Süsser et al., 2017) and

in implementing local and regional energy plans. Different entrepreneurships and

socio-economic structures and features can explain different potentialities to

create RE projects (Süsser et al., 2017). Indeed, enterprises have needs, resources,

and goals that can be shared or emphasized in energy planning.

Inhabitants are relevant actors of the social and economic dimension. Firstly, they can

be prosumer (Dóci and Gotchev, 2016) since new RE projects integrate production,

supply, and demand (Holstead et al., 2017; Wang et al., 2018; Winkler et al., 2018).

Secondly, inhabitants can play a role in the implementation phase of RE plans. Their

involvement could have different features depending on civic and political par-

ticipation and activity of inhabitants, age (Karytsas and Theodoropoulou, 2014),
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gender (Kosenius and Ollikainen, 2013), income (Karytsas and Theodoropoulou,

2014), composition and size of families (Stigka et al., 2014), perceptions of injustice

(Hyland and Bertsch, 2018), and cultural imageries (Calhoun and Sennett, 2007).

For example, income influences the acceptance and the availability to adopt or sup-

port RE technologies and energy efficiency measures (Morton et al., 2018; Hyland

and Bertsch, 2018). Investments can be done by medium-income people while low-

income people have not this potentiality even if RE incentives exist (Yang and Zhao,

2015). However, not all rich people invest on REs and other aspects must be taken

into account.

The quality of life and the household wealth are relevant to explain people ac-

ceptance or adoption of RE and energy efficiency projects (Balest et al., 2018). For

example, individuals have interest to reduce energy-related costs to maintain their

quality of life (Walker et al., 2015). A higher quality of life means a higher attention

to sustainable goals and actions, because people have already answered to the pri-

mary needs. For this reason, the access to services - i.e. schools and libraries - is an

important aspect in the analysis of territorial development and cohesion (Medeiros,

2016) and environmental attitudes of people. Activism or soundness of energy topics

can contribute to address people choices (Balest et al., 2018).

An example in terms of socio-demographic features concerns age. Since RE

technologies are easier to use (Prasadh and Suresh, 2016) and youths have knowledge

about RE (Halder et al., 2013), youths perceive benefits (Yazdanpanah et al., 2015)

in supporting energy projects. “A typical green consumer is younger, more educated,

and wealthier”, at least when he/she explains a potential will (Paravantis et al.,

2018). The spread of green consumer and an equal and similar development in

terms of income, quality of life, and environmental activism across translocal scale

can contribute to a wider energy transition (Medeiros, 2016).

In the energy planning, involvement processes or dedicated actions to local popula-

tion need targeted messages for enterprises, inhabitants, and families (Noblet et al.,

2015), according to population features and in order to recognize preferences, inter-

ests, and knowledge needs (Ouhajjou et al., 2017).
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Relationships between actors in local and trans local governance are expression of RE

potentialities. Several authors (Rogers et al., 2012; Van Der Schoor and Scholtens,

2015; Dóci and Gotchev, 2016) investigate energy communities as positive networks

of producers, consumers, and especially prosumers. Nowadays, local community

concept refers to groups of people that live in a common territory (?) or have a

common interest (Magnani and Osti, 2016). Local communities can become impor-

tant for achieving energy transition (Miller et al., 2013), thanks to their common

identity (Weber, 1978), dense networks, and place attachment. The communities

and their networks have been influenced by economic crisis. Sustainable territorial

development can be also considered in terms of RE production and it “requires ad-

ministrations and civil society actors to initialize and develop projects at the local

level, ensure their acceptance and support by the regional population and implement

the project in collaboration with relevant actors” (Müller et al., 2011, p. 5800). The

involvement of these actors and relationships is relevant to develop energy planning

effectively.

Accordingly, the analysis selects the most relevant dimensions and factors linked to

socio-demographic, socio-economic, quality of life-related specificities, and cultural

dimensions (Table 2.2). These dimensions observed at translocal scale promote a

more equal, balanced, and inclusive development.

2.4.2 The governance and political dimension

Governance is a process for the organization of territory and its resources according to

Medeiros (2016). The shape and dynamics of the governance process is given by some

local specificities:

Political address. Governance includes horizontal and vertical cooperation between stake-

holders who have different political addresses and opinions (Engelken et al.,

2016). People can be active in political and public life and shape the governance

through formal and not formal institutions, such as parties. Different political ad-

dresses have different commitments to energy transition and this can be a resource

for energy planning, emphasizing the political meaning and commitment of energy

transition.

55



Participation Participation and information can sometimes explain local acceptance or

conflict against energy system changes (Zoellner et al., 2008). The social and en-

vironmental movements and civic participation of people are relevant to under-

stand potentialities of local community initiatives in terms of acceptance or conflict

(Argüelles et al., 2017; Becker et al., 2017). The energy planner should understand

the relevance of the level of activeness and participation of the local population, in

order to build shared projects. At translocal scale, this participation can create a

place-based know-how and knowledge (Abrahams, 2014). Good social network

and knowledge for civic participation are relevant for increasing effectiveness of such

kind of initiatives (Becker et al., 2017). Even if it is time and resource consuming

and it requires know-how, local actors agree on the importance of an inclusive and

democratic decision process (Dı́az et al., 2017) in territorial planning, which includes

civic and political participation.

The governance and political dimension can be described by variables related to pop-

ulation organization (Sánchez-Zamora et al., 2017) in terms of political and civic partici-

pation, and cooperation between public institutions (Sánchez-Zamora et al., 2017).

2.4.3 Geographical and infrastructural dimension

Morphology and relationships between infrastructures and actors (Sánchez-Zamora et al.,

2017) can influence the spatial-social organization and the attitude of people (Osti, 2015).

Territories with different morphological features have different power relationships (Osti,

2015) and territorial cohesion is able to redistribute this power and strengthen collabora-

tions (European Commission, 2008).

Urban and rural territories have different power relationships on different issues (Kat-

soulakos and Kaliampakos, 2016), different potentialities (Bridge et al., 2013) and

needs (Räsänen et al., 2018), and different inhabitant’s preferences (Kosenius and

Ollikainen, 2013) based on their features i.e, inhabitant density, urban, agriculture,

and forest land covers (Osti, 2015), elevation (Katsoulakos and Kaliampakos, 2016),

surface of territory, connectivity through highway, street, and railway, and presence

of natural parks (Table 2.2). Rural areas are more isolated than urban ones and con-

nectivity from railway, streets, and highways are indicators of territorial connectivity
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or isolation (Aarts and Houwing, 2015; Medeiros, 2016).

Land covers determine the relationship between society and space and the use that local

population makes of their land. Agriculture, forest, and urban covers are resources

(i.e, from wastes) (Sacchelli et al., 2013) but also occupy space and create conflicts

between actors that share and not share RE aims (Osti, 2016): “Space must be

considered as the prime scarcity factor for renewables infrastructure” (Wolsink, 2018,

p. 289) However, they are also potential RE sources in terms of wastes.

For the territorial cohesion concept, translocal planning and management of land

uses is matter of territorial efficiency, quality, and identity (Abrahams, 2014). Re-

sources and land should be effectively managed and preserved, developing the most

effective territorial vocations and visions (Abrahams, 2014).

Isolation or connectivity could have an effect on the energy supply (i.e. power lines for

transmission and distribution) and on some social aspects. From a social viewpoint,

territorial isolation maintains attachment to local habitus (Bourdieu, 1990). Habi-

tus are schemes of though, perceptions, actions, and practices (Reckwitz, 2002) peo-

ple have in long period using energy in that local community. In some isolated con-

texts, communities can easily act towards sustainability through place-based habitus

and practices (Calhoun and Sennett, 2007) such as community ownership. After eco-

nomic crisis of 2008, the isolation of some territories decreased and the objective of

territorial cohesion concept is to develop sustainable transports that do not conflict

against sustainable RE production (Abrahams, 2014).

Several works (Mitchell, 2004; De Janvry, 2010; Osti, 2015) observe the phenom-

ena of counterurbanization, the consequent attractiveness for tourists (Dalton

et al., 2008) and youths, and the higher presence of young people in rural territories.

A translocal planning can create clearer tourist and youths vocations (Abrahams,

2014). The presence of young people during the economic crisis in rural areas in-

troduces environmental-related innovative development, i.e. in agriculture sector

(De Janvry, 2010).

The geographical and infrastructural dimensions consider surface and elevation of territo-

ries, presence of natural parks, land covers, and transport infrastructures (Table 2.2).
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2.4.4 Renewable energy and climate dimensions

At European scale, several environmental policies have specific impacts on territories,

i.e. Water Framework Directive, Floods Directive, Habitats Directive, Waste Framework

Directive and Air Quality Directive. Among these policies, The Climate and Energy

Framework plays a relevant role in environmental sustainability (EEA, 2018). RE source

exploitation minimizes impacts and secondary waste (Panwar et al., 2011).

The RE and climate dimensions include (Medeiros, 2016; Sánchez-Zamora et al., 2017):

Natural resource availability. It depends on the inherent feature of the territory. Biomass,

water, sun, wind and heat from the Earth are the main RE sources. The availability

of these natural resources depends on several spatial, socio-economic and planning

constraints limiting the exploitation of RE (Sacchelli et al., 2016; Garegnani et al.,

2018).

Capacity of local actors to exploit RE. Natural resources have been partly exploited.

Past RE initiatives have risen negative or positive “affective and emotive people im-

ageries” (Calhoun and Sennett, 2007) related to RE plants, and, consequently, they

are addressing future projects (Sütterlin and Siegrist, 2017). Natural resource ex-

ploitation for RE production can create conflicts between different uses of the re-

source and actors (Hastik et al., 2016; Osti, 2016; Sacchelli et al., 2016; Grilli et al.,

2017). However, the knowlodge on past RE projects can support energy planning

by avoiding further mistakes and potential conflicts (Winkler et al., 2017) through

several tools, i.e. participatory process (Hyland and Bertsch, 2018). Similar geo-

morphological contexts can have similar resources and municipal borders are not the

best for effectively answer to planning and management needs.

Considering RE produced and distributed in loco, this research proposes and calcu-

lates a new index of direct participation of households in production and consump-

tion of RE (Michaels and Parag, 2016; Hecher et al., 2017): the index of people

activity in increase RE share. This index is not available in the current scientific

literature, but it represents an important variable to for the analysis. It is calculated

using the number of households covered by the local RE production out of the total

number of families. The aim of this index is to understand if the contribution of
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households can be increased.

Climate. The climate change is perceived by local populations through phenomena i.e.,

avalanches and flooding. Local populations interact with natural environment (Balest

et al., 2018), experiencing and reacting in front of natural hazards. The energy

choices are also related to this aspect and climate change adaptation and mitigation

activities have potentialities to be integrated in energy planning. Translocal an-

swers to similar natural hazards promote sustainable and efficient risk management

(Abrahams, 2014).

According to a place-based choice of variables that considers both local specificities

and the availability of secondary data, this analysis is based on 41 factors (Table 2.2)

and the South Tyrol case study. This list can include additional variables if applied to

other case studies. This research proposes a perspective and a DST that would not only

be useful to the South Tyrol case study, but that could be used as a supporting tool for

translocal energy planning in other regions and countries.
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2.5 The South Tyrol case study

The Provincial Climate and Energy Plan of South Tyrol (DGP n.940 June 20th 2011)

(Autonomous Province of Bolzano, 2011) aims at managing the territory in a sustainable

way, by saving and protecting natural resources. In order to achieve the main international

targets, the Plan includes actions for energy efficiency optimization, improvements in en-

ergy saving, an increase in RE production and supply, the promotion of cultural changes,

technological innovations and transnational and research collaborations. Regarding the

sustainable approach to energy transition, this Plan focuses on the importance of the

presence of a smart grid between production, distribution and consumption, accelerat-

ing the energy perspective shift from production and consumption (Holstead et al., 2017;

Süsser et al., 2017; Winkler et al., 2018) to the role of the prosumer (Dóci and Gotchev,

2016). In this context, the Provincial Climate and Energy Plan of South Tyrol incentives

the role of municipalities and the collaborations they can start with one another on local

energy planning, by promoting the creation of tools that allow the comparative analysis

of territories. Therefore, the analytical framework and the DST are applied to the South

Tyrol case study. The choice to analyse municipalities underlines - just as the South Tyrol

Plan - the importance of a comparative analysis tool, also including social resources. This

framework aims at strengthening the role of inhabitants and local administrations in the

energy transition and planning.

South Tyrol is an autonomous Province in North-East Italy, at the border with Aus-

tria, Switzerland, and Italian Regions of Veneto, Trentino, and Lombardia. It has 520891

inhabitants distributed into 114 rural and two urban municipalities (2016). Municipali-

ties are distributed in a total surface of 7398,38 km2 mainly covered by forest land, in a

range of elevation, in average, between 212 and 1568 meters above sea level. Median of

inhabitant density is 52,67 inhabitants on squared kilometers with the highest values for

Bolzano (2036 in/km2) and Merano (1498 inh/km2).

The level of total RE production is medium-high in 2016:

• 212084,50 m2 of solar thermal plants out of 7398,38 km2 or 73983810,00 m2 of
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Municipalities surface4;

• 6232,25 kW of installed geothermal power for heating and cooling and 341 geothermal

probes;

• 229136,80 kW of installed photovoltaic (PV) power5;

• 5951,00 kW of installed power in biogas plants;

• 839040,69 MWh of REs produced in loco and distributed through district heating

plants;

• 41945 households and users involved in REs production through installation of indi-

vidual plants (e.g. geothermal, or PV plant) or link to district heating plant6.

In South Tyrol, solar thermal, geothermal and PV plants are usually individual choices

of families and enterprises; biogas plants are usually individual or cooperative choices of

agriculture enterprises; district heating is energy distribution plant which is the result of

cooperative or collective choices in local territories and cover energy need of groups of

units.

This research applies a cluster analysis to the 114 rural municipalities in the South

Tyrol, based on the 41 factors included in the Table 2.2.

2.5.1 Cluster analysis

Data collected based on the list of dimensions and factors included in the Table 2.2 turned

into percentages (Saarenpää et al., 2013). All the variables affected by surface (e.g. urban

surface) or number of inhabitants were turned, except for RE production indicators. RE

production indicators are related to real energy consumption data, which do not exist for

Italy.

4Data is partial because the amount of National tax deduction on solar thermal, and PV plants is still

missing in the database.
5Data is partial because the amount of National tax deduction on solar thermal, and PV plants is still

missing in the database.
6Data on district heating, biogas, and solar thermal plants are supplied by Autonomous Province of

Bolzano - Energy Saving Office; data on PV and, partly, solar thermal plants are supplied by gse - Atlasole;

the list of geothermal plants is supplied by Autonomous Province of Bolzano - Water Resource Management

Office.
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Variables with large ranges can dominate the solution with respect to those with small

ranges (Ketchen and Shook, 1996). For this reason, the analysis uses a standardization

that is often used in order to allow an equal contribution of variables to cluster analysis7

(Becker, 2018).

Cluster analysis is a multivariate method which analyses distances between units based

on their features (Pecher et al., 2013; Härdle and Simar, 2007). Through this analysis, the

units, i.e. the municipalities, are grouped in natural clusters. Within each group there

is a certain level of homogeneity versus a certain level of no-homogeneity between groups

based on n dimensions.

Since the research focuses on analysing groups of similar municipalities and its within

variance, a k-means algorithm is applied. The k-means methodology (Novotná et al.,

2016) defines homogeneous groups by minimizing group dispersion and maximizing be-

tween group dispersion (Härdle and Simar, 2007). The k-means algorithm focuses on the

definition of a local optimum within each group, differently from other algorithms which

define global optimum.

The number of clusters is chosen based on statistics of Hopkins (Banerjee and Dave,

2004), NBclust R function (Charrad et al., 2014), and level of explained variance within

and between clusters (Saarenpää et al., 2013; Pinto-Correia et al., 2016).

Standardization of variables, k-means algorithm and statistics to verify the number of

clusters are implemented by means of R (R Development Core Team, 2008).

7The standardization of column is defined as
√∑

((x2)/(n− 1)), where x is a vector of values in the

column and n is the number of values in the column.
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2.6 Results and discussion

Figure 2.2: The map shows the seven clusters colour shades, in the grey context of EUREGIO Trentino-South

Tyrol-Tyrol.

Figure 2.2 maps the eight homogeneous socio-energy systems of South Tyrolean munic-

ipalities through different colour shades. According to the NBclust, the best number of

clusters for this database is three, but this research aims to go more into detail. The

Hopkins statistics recognizes that the best number of clusters is eight, with a value of

0,2213218. Observing the results and excluding the two urban contexts of Bolzano and

Merano, the clusters have the following size in terms of number of municipalities involved:

1, 34, 25, 28, 3, 7, 14, 2. The level of explained variance of these results is 38,7%.
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2.6.1 The specificities of the eight socio-energy systems in South Tyrol

This research provides evidences of eight socio-energy systems within the South Tyrol

context, emphasizing specificities and similarities of municipalities. There are some inter-

esting specificities that belong to the different clusters such as the RE source preferences

and difference between rural and semi-urban centres (Section 2.6.2); other planning and

management needs linked to energy (Section 2.6.3); the relevance of socio-demographic

features of individuals and families (Section 2.6.4); the participation and the engagement

of stakeholders (Section 2.6.5); the land cover and use of a landscape (Section 2.6.6).

2.6.2 The renewable energy source preferences and difference between

rural and semi-urban centres

Each cluster has its main preferences on a RE source or a mix of RE sources. For example

cluster 6 - The best performing and semi-urban municipalities focuses on a mix of RE

production, while cluster 7 - Valley floor and agriculture municipalities experiences PV

and geothermal energy plants. The most performing municipalities should exchange their

best practices with the other municipalities that belong to the same socio-energy system.

This practice would increase the level of RE production of all municipalities within the

cluster.

The produced energy is distributed in loco to several households that contribute for

a more sustainable and renewable territory. For energy transition goals at local scale,

contribution of people is important to make the difference (Van Der Schoor and Scholtens,

2015). According to the results, the semi-urban municipalities produce and distribute more

energy than the rural ones. However, observing the level of pro capite RE production based

on the index of people activity in increase RE share, this is higher in the rural clusters, such

as in cluster 3 - Mountain municipalities with some important actors: SVP, tourist sector,

and citizens. The value in this index is also given by the high experience in district heating

plants. Semi-urban municipality can strengthen their pro capite contribution to a more

sustainable and renewable place, i.e. in cluster 6 - The best performing and semi-urban

municipalities.

Focusing on the land covers and uses of a territory, semi-urban or rural characteris-

tics should address different energy planning, because they have different RE potentials
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(Bridge et al., 2013) and different stakeholder and inhabitant’s preferences (Kosenius and

Ollikainen, 2013; Räsänen et al., 2018).

2.6.3 Other planning and management needs linked to energy

Energy planning and management is only one of the components of a wider sustainable

perspective included in several policies, such as educational, natural hazard management,

and economic development. In the local energy plans, climate change is a very interesting

topic and some events (i.e. avalanche and flooding) need to be managed. The local energy

plans are documents in which energy and climate topics can be interrelated managed,

proposing innovations that can integrate mitigation and adaptation measures. Cluster

4 - Municipalities with mixed energy, tourist activities and avalanche phenomena, 5 -

Well-connected municipalities with high associative participation, and 8 - Municipalities

with enterprises, tourist enterprises, associations, and elders have all needs to manage

avalanche or flooding phenomena. The best way to manage these hazards should be

addressed by all the other specificities of the clusters.

This management can be integrated in energy actions as well as other sectors and

policies can be linked, i.e. tourist promotion. The South Tyrol is based on tourism

activities since the end of the II World War and a development of the sector linked to a

message of a more sustainable place could be effective both for energy and tourist sectors.

2.6.4 The relevance of socio-demographic features of individuals and

families

Specificities of clusters in terms of socio-demographic features of individuals and families

are considered for the effectiveness of energy plans. Energy planning should address or

involve in its actions the most relevant components of the local society, i.e. families.

According to the results, families with higher average of components correspond to

higher interest and direct-indirect activity in producing and consuming local RE both in

cluster 2 - Municipalities with young and politically active people and cluster 3 - Mountain

municipalities with some important actors: SVP, tourist sector, and citizens. A high in-

terest and activity in producing and consuming local RE is not registered in clusters with

lower number of family’s components. In other studies, the family size is negatively cor-
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related to the willingness to pay RE projects (Damigos and Kaliampakos, 2003; Zarnikau,

2003; Li et al., 2009; Stigka et al., 2014). With a different kind of analysis and in a different

context, the family size seems to be an important factor to increase RE action of families.

In these families, young people live.

Planners in cluster 2 - Municipalities with young and politically active people should

interpret youths and politically active people as a resource for a changing and transition

world. Indeed, “a typical green consumer is younger, more educated, and wealthier” (Par-

avantis et al., 2018). Re-address or use the political participation towards RE goals is not

easy, but it has great potential to increase RE development (Zoellner et al., 2008; Müller

et al., 2011). Associations and political groups can be means to increase awareness and

information about RE (Rogers et al., 2012), through their relevance as local actors and

their networks within and across municipalities.

2.6.5 The participation and the engagement of stakeholders

Stakeholders at local scale are relevant in energy planning. They represent the public of

energy planning, beyond the mere citizens and families and they should be involved in

the energy planning. Stakeholders are actors and resources that know the territory and

that have interest to incentive regional and local development. Cluster 8 - Municipalities

with enterprises, tourist enterprises, associations, and elders has three actors that can

contribute with their needs and resources to a more effective energy plan. These actors

and their relationships could be included in a participatory process in order to collect local

needs and confirm local resources.

Political commitment has also high potential to increase RE development (Sovacool

and Ratan, 2012). The relevant presence of SVP political party is a resource that can

be used to increase the interest and the political and civic commitment towards energy

transition. The cluster 3 - Mountain municipalities with some important actors: SVP,

tourist sector, and citizens is an example of SVP relevance.

2.6.6 The land cover and use of a territory

Land cover specificities define energy production potential based on local resources given

by urban, forest, and agriculture wastes and products (Sacchelli et al., 2013). Local
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planners could consider the opportunities to collaborate with owners of these lands for

achieving common goals. Cluster 8 - Municipalities with enterprises, tourist enterprises,

associations, and elders registers a wide forest surface. It could prefers biomass plants

more than other clusters (Kosenius and Ollikainen, 2013), because it could use their own

resources supplying other services (i.e. forest management). Cluster 7 - Valley floor and

agriculture municipalities has a different energy potential composed by agriculture wastes.

However, agriculture land cover is sometimes also an element of competition between the

space occupied by agriculture crops or RE production plants (Osti, 2016).

2.7 Conclusion

This research aims to present and test a socio-energy system framework to explore ter-

ritory. This framework supports regional and local energy planners for the definition of

effective plans. The analysis does not want to be exhaustive, but it shows how homoge-

neous groups of municipalities differ one from another and which are the main specificities

for addressing local energy plans to achieve a wider change in terms of RE development.

Local energy planners have the important role of defining the potentialities and future

actions to increase local RE production, without weakening natural and social environ-

ments. The planning of a territory needs comprehensive information on the local speci-

ficities and its relationships with other territories. This research proposes a Decision

Support Tool based on an analytical framework which joins social, energy,

and planning sciences perspectives defining territory as socio-energy system

at translocal scale.

The Decision Support Tool provides some recommendations on how to use social, en-

ergy, and spatial specificities as levers for wider achievement of climate change and energy

targets at translocal scale, promoting important planning implications. The analytical

framework and the Decision Support Tool are applied in the South Tyrol case study

(Italy) and they are a replicable instrument for other regions.
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Chapter 3

Sustainable energy governance

practice

Submitted as Balest et al. (2019)

3.1 Abstract

This research aims to analyse with a statistical network analysis, Bayesian analysis, and

exponential random graph model the sustainable energy governance practice set in

local contexts, investigating the opportunities to spread it within a region. In this research, the

sustainable energy governance is the practice to plan and manage energy resources at local scale

and in a collaborative way. The local scale is important to effectively plan and manage energy

resources based on local specificities, while the collaborative governance permits to share, save,

and protect several kinds of resources.

Energy governance is practised within energy districts. This research defines sustainable

energy district as territorial district within a region, based on formal or informal relationships,

in which municipalities collaborate one another in a sustainable way through contracts with public

utilities that supply energy services.

In the South Tyrol case study (Italy), through a Bayesian exponential random graph model, this

research identifies the network structures and dynamics that are at the basis of the actual energy

governance and identify some elements that might further spread sustainable energy governance.
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The results of this research confirm that almost of the collaborations are based on spatial closeness

dynamics.

3.2 Introduction

International environmental organizations sustain that there are two choices in the world:

on the one hand, the choice for a sustainable world (Keeble, 1988; Sachs, 2015); on the

other, the choice to forget a sustainable, zero or de-growth development and increase

people’s pressures on natural and social world (Vandenhole, 2018). There is a grey zone

for intermediate actions, but if the aim is the sustainable development, the choice should

commit for cleaner production and energy transition.

Based on cleaner production and energy transition processes, the sustainability

addresses persistent environmental and social problems and needs (Geels, 2011). Sus-

tainability can be reached through a global governance in which each level has its own

responsibilities, challenges, opportunities and mechanisms (Jänicke, 2017). Jänicke (2017)

states that the “global system provides a stable opportunity structure for clean-energy in-

novation, allowing for interactive learning and dynamic action within and between levels”

(Jänicke, 2017, p. 111). The actors who govern the energy (i.e., States, NGOs, municipali-

ties) are currently able to govern in a horizontal and networked way, creating a governance

system (Fontaine, 2010) that mobilizes multiple actors, resources, and dynamics (Jänicke,

2017). Indeed, the governance is an arena in which multi-actor, multi-sector, and multi-

level relationships, power relations, and networking exist (Rametsteiner, 2009; Secco et al.,

2014) with the aim to administer a part of the public and social life.

In relation to the administration of public and social life, energy governance can be

described and investigated as a social function (Merton, 1968) or a social practice (Shove

and Walker, 2010). Energy governance as a social function plays a role in the social life

contributing to its continuity (Merton, 1968). Using the social function approach, energy

governance is a recurrent activity that helps the daily social life of groups and individ-

uals to be reproduced. Social function continues responding to social needs (Merton,

1968; Geels and Schot, 2007) - such as energy consumption - and supporting lifestyles and

values of political and social actors - such as environmental, sustainable and renewable

ones. Unlikely, using the social practice approach, this research moves the focus on

78



the opportunities and the conditions to change towards a more sustainable life (Shove and

Walker, 2010). As a social practice, energy governance is a way to govern composed by

several elements that interact one another (Shove and Walker, 2010). These intertwined

elements are the material things (i.e., RE technologies or sources), a common understand-

ing by social actors on how to use them, a recognition of the appropriate behaviours (i.e.,

competences to use RE technologies), and related meanings (Shove et al., 2012). The

governance practice is a collective experience in the sense that there are many co-existing

performances (Shove et al., 2012) of doing sustainable energy governance, in a common un-

derstanding way, and that impact on everyday life of people. The social function concept

is created for investigating what maintain the equilibrium in the society, weakening the

role of change (Merton, 1968), while the shift from function to practice better addresses

the investigation of the change (Shove and Walker, 2010).

Considering the energy governance as practice according to social practice approach

(Shove and Walker, 2010), the change is promoted by its elements and by the change

of other related practices. Energy governance is linked to other practices such as local

government of natural resources, community and private ownership of natural resources,

energy consumptions in houses, and their ongoing interactions. All these elements of

practice are spread through relationships between actors (Shove and Walker, 2010).

If something change in the network and in the dynamics of relationships between the

involved actors, all relationships and all elements of social practice will change looking for

another equilibrium between practices and elements. The spread of a sustainable energy

governance into relationships between actors confirm or deny the existence of a social

practice and its importance into the change processes of energy transition (Shove and

Walker, 2010). The energy governance practice is linked to other practices and related

opportunities to change towards a more sustainable way to answer local population and

energy needs.

The energy governance interacts with other practices. The practice of sustainability

or sustainable actions characterized by careful use of natural resources and RE is globally

recognized and represents a common objective (Leal Filho et al., 2016; Jänicke, 2017), even

if other economic and financial dynamics can compete (Sassen, 2004). In the cleaner pro-

duction and energy transition, behind global and international actors, low-carbon energy

measures are appropriate when shaped on regional and local specificities, circumstances,
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needs, and preferences (Union, 2014). The practice of planning and managing terri-

torial resources and needs at local level (Jänicke, 2017) is important for its closeness

to the local scale and for the recognition of local specificities (i.e., natural energy po-

tential). This practice underlines the peculiar responsibilities, opportunities, challenges,

and dynamics (i.e., peer-to-peer learning, competition and cooperation) at the local scale

(Jänicke, 2017) in a polycentric system in which multiple authorities govern (Ostrom, 2010;

Sovacool, 2011). At the local scale, the practice to collaborate between non-state actors

(i.e., governance involving municipalities and public utilities (PU)) (Leal Filho et al., 2016;

Niesten et al., 2017) mobilizes “a broad swathe of actors to pursue sustainability” (Jänicke,

2017). In the practice of collaboration, relationships are build settings where trust and

reciprocity can emerge, grow, and be sustained over time. Further, costly and positive

actions are frequently taken without waiting for an external authority to impose rules,

monitor compliance, and assess penalties (Ostrom, 2010). Trust and reciprocity emerge

with actors with whom you have prior experience of collaboration (Nielsen, 2004) that are

usually, considering local authorities, between spatially closed and neighboured municipal-

ities. However, the complexity of trust (Nielsen, 2004) and collaborations, stress the need

to investigate the practice to collaborate with similar others (European Commis-

sion, 2008; Medeiros, 2016) for having a more effective energy planning and management.

The practice of planning and managing territorial resources and needs at lo-

cal scale recognizing local specificities, and the practice to collaborate with similar

others are important to define the wider practice of sustainable energy governance

within a region1. For this reason, this research investigates the actual sustainable energy

governance practice and the opportunities for its spread.

The sustainability of the energy governance is given by multiple aspects, including

its capacity to promote resource efficient uses with the aim to meet existing social and

environmental needs (Shove and Walker, 2010). The sustainability of regional and local

energy governance is given by the attention of the actors to the regional and local fea-

tures and needs, in the ongoing interaction between global and local contexts (European

Commission, 2008; Medeiros, 2016). In a multi-actor, multi-sector, and multi-level energy

governance (Sovacool, 2011; Secco et al., 2014), this research focuses on some scales and

1The sustainability concept is huge and it does not include only the meaning considered in this paper

(Geels, 2011; Leal Filho et al., 2016).
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actors that better represent and understand local specificities (Bulkeley and Kern, 2006;

Novotná et al., 2016). Who and how govern the energy are relevant topics to promote the

change into a more sustainable world (Sachs, 2015).

Based on its component of closeness to the territorial needs and resources, the local

and sustainable governance is matter of a multiple range of actors, such as local authori-

ties (Novotná et al., 2016), and is pursued thanks to local tools (Coelho et al., 2018) and

with the support of other actors. Sustainable energy governance is spread through rela-

tionships in a space, i.e. energy district. Here, this research defines sustainable energy

district as territorial district within a region, based on formal or informal relationships,

in which municipalities (the closest authority to local specificities) collaborate one an-

other in a sustainable way, also using means as PU. The sustainable energy districts are

the space in which energy governance is practised and PU are an important actor that

support municipalities in order to achieve international energy targets supplying services

and answering to local and energy needs. Municipalities and PU are not the only actor

involved in the energy governance: other direct collaborations between municipalities and

with no structured actors (i.e. other regional and local stakeholders) exist. However, the

collaboration between municipalities and PU is an important and structured relationship

that formally supply energy services to local population (Mej́ıa-Dugand et al., 2017).

This paper recognizes the energy governance as practice and focuses on the relational

elements to investigate the opportunities to extend sustainable energy governance. It

investigates the presence and the opportunities to extend the existing sustain-

able energy governance through relationships in an energy district. Practically,

this research investigates the relationships based on contracts between municipalities and

PU in the energy governance, their characteristics, the relevant relational dynamics, and

the probability to observe new relationships between municipalities and PU. These rela-

tionships and these actors, behind the share of an objective, have other characteristics.

Collaborations can involve different relational and group dynamics and the actors involved

in the collaboration can have different characteristics. Considering the municipalities as

actors, studies on natural potential and availability of renewable resources already exist

- i.e., Sacchelli et al. (2013); Garegnani et al. (2018) - and the sharing of these kind of

resources incentives equal collaborations between similar actors (European Commission,
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2008; Medeiros, 2016). Statistical network analysis investigates these actors’ relationships

and characteristics, exploring if the contracts with PU happen between municipalities that

have similar features of energy potential, i.e. forest, agriculture, urban, solar. Statistical

network analysis also investigates relational dynamics (or their absence) that shape and

spread the actual energy governance network, such as the presence of edges, stars, or other

shapes of relation.

Our approach investigates these relational formation of the network by using a Bayesian

exponential random graph modelling approach (Caimo and Friel, 2011) for bipartite net-

works. Exponential random graph models represent an important family of log-linear

network models that aim to describe the probability distribution of the edges among pairs

of nodes in a network using a set of network configurations.

This paper is a first application of statistical network analysis approach with

the aim to model sustainable energy districts. A Bayesian exponential random

graph modelling has been applied to the South Tyrol case study. South Tyrol case study

is interesting for its commitment to energy transition (Autonomous Province of Bolzano,

2011) and its partial freedom form national legislation on energy topics in comparison

with other Italian regions. South Tyrol is an autonomous province in the North-East Italy

and it has an energy governance based on collaborations between 120 PU and 116 rural

municipalities. The results of this research can be used by the provincial and local energy

planners and managers of South Tyrol for addressing new collaborations in energy sector

and changing the energy governance practice for a wider achievement of international and

provincial energy transition goals. This research proposes also a methodology that can be

easily applied to other case studies.

3.2.1 Hypothesis

In the analysis of the relational dynamics (defined in terms of small network structures or

configurations) behind the spread of sustainable energy governance between municipalities

and PU that model the actual sustainable energy districts in South Tyrol, this research

proposes some hypothesis.

Hypothesis 1: Municipality uses, plans, and manages the energy through

energy services supplied by PU in collaboration with other municipalities
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This hypothesis is investigated through the existence of edges, isolated nodes, and degree

density.

Hypothesis 2: Contractual relationships among municipalities and PU are

more likely to be observed when municipalities belong to the same geomor-

phological context

This hypothesis is investigated through homophily of municipalities in terms of geomor-

phological context: if two or more municipalities belong to the same geomorphological

valley, they have already collaborated and they have already built a trust (or distrust)

that renovate old and new collaborations (Nielsen, 2004).

Hypothesis 3: Contractual relationships among municipalities and PU are

more likely to be observed when municipalities are spatially closed

This hypothesis is investigated through homophily of municipalities. As hypothesis 2,

the same dynamics are hypothesized here: collaborations are more likely to be observed

between spatially closed municipalities.

Hypothesis 4: Contractual relations between municipalities and PU are less

likely to be observed when PU supplies equal or similar energy activities

This hypothesis is investigated through homophily of PU, in terms of their main activities

(i.e., solar thermal energy production, district heating distribution). PU are means of

collaboration for answering to different municipality’s and local population’s needs: more

PU with the same energy activities would be a duplicate.

Hypothesis 5: Contractual relations among municipalities and PU are more

likely to be observed when municipalities have similar energy potential (i.e.,

urban, forest, agriculture land covers and solar radiation)

This hypothesis is investigated through homophily of municipalities about the nature and

the similarities of renewable sources. The site-specific nature of renewable sources is de-

scribed by urban, forest, agriculture land covers and solar radiation (Sacchelli et al., 2013;

Garegnani et al., 2018). When two or more municipalities share similar renewable sources,

they build shared objectives and projects for an equal development (European Commis-
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Data Description Year Case study Source

Network data Relationships between municipalities

and public utilities in energy sector

2016 South Tyrol Ministry of Economics and Fi-

nance

Geomorphological

valley and closeness

Geomorphological valley, longitude and

latitude. An index about closeness be-

tween municipalities is calculated

2016 South Tyrol Ancitel open data: own elabora-

tion

Urban, agriculture,

and forest land

cover

The percentage of each type of land

cover out of the total surface. The in-

dices are calculated based on CORINE

database and bordering of municipali-

ties

2016 South Tyrol CORINE Land Cover, Ancitel

open data: own elaboration

Solar radiation Mean of solar radiation 2016 South Tyrol PVGIS: own elaboration

Table 3.1: Data description and sources used in this research.

sion, 2008; Medeiros, 2016).

Based on these hypothesis, this research applies Bayesian exponential random graph

model to the network of collaborations between municipalities and PU in South Tyrol.

3.3 Methods

3.3.1 Energy governance network data in South Tyrol

This research testes the hypothesis and Bayesian inference for ERGMs into the South

Tyrol case study. South Tyrol is an area placed in the North-Eastern Italy and composed

by 116 municipalities. The municipalities are represented by cycles linked to 120 public

utilities that are represented by triangles in the Figure 3.1.

The analysis considers some municipality’s characteristics, i.e., geomorphological val-

ley, land cover, and solar radiation (Table 3.1), according to the hypothesis (Section 3.2.1)

and the practice to plan and manage the territorial resources and needs at local

scale and the practice to collaborate with similar others (Section 3.2).
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municipalities

public utilities

Figure 3.1: The graph represents the municipalities (circles), the public utilities (triangles), and the relationships

between them (lines).

3.3.2 Bipartite network data

This is a two mode network composed by the first (municipalities) and the second (PU)

modes, with uniplex relations (Figure 3.1). The uniplex is based on relations set on a

service contract, in terms of delivery of energy services or goods, and moreover there is

an arrow from the municipality to the PU in terms of contractual duties based on the

contract. Accordingly, this network is represented as an undirected graph and all the

relations among the two modes can be represented without specifying the arrows.

3.3.3 Exponential random graph models (ERGMs)

Typically networks consist of a set of actors and relationships between pairs of them, for

example social interactions between individuals. The relational structure or configuration

of a network graph is described by a random adjacency matrix Y of a graph on n nodes
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(actors) and a set of edges (relationships) {Yij : i = 1, . . . , n; j = 1, . . . , n} where:

Yi,j =

1, i ∼ j;

0, i 6∼ j.

Exponential random graph models (ERGMs) are a particular class of discrete linear

exponential families which represent the probability distribution of network graphs on n

nodes as:

p(y|θ) =
exp{θts(y)}

z(θ)
,

where s(y) is a known vector of sufficient statistics, θ are the associated model parameters,

and z(θ) a normalising constant which is difficult to evaluate for all but trivially small

graphs. The dependence hypothesis at the basis of these models (Section 3.2.1) is that

edges self organize into small network structures called configurations. There is a wide

range of possible network configurations (Robins et al., 2007) which give flexibility to

adapt to different contexts. A positive parameter value for θi result in a tendency for

the certain configuration corresponding to si(y) to be observed in the data than would

otherwise be expected by chance.

3.3.4 Bayesian inference for ERGMs

The growing interest in Bayesian techniques for the analysis of social networks can be

attributed to the development of efficient computational tools and the availability of user-

friendly software. Bayesian analysis is a promising approach to statistical network analysis

because it yields a rich picture of the uncertain quantities which is essential when deal-

ing with complex statistical network models and heterogeneous relational data. Using a

Bayesian framework leads directly to the inclusion of prior information about the network

structure into the modelling framework, and provides immediate access to the uncertain-

ties by evaluating the posterior distribution of the parameters.

Bayesian inference for ERGMs is based on the posterior distribution of θ given the

data y:

p(θ|y) =
p(y|θ) p(θ)

p(y)
=

exp{θts(y)}
z(θ)

p(θ)

p(y)
,

where p(θ) is a prior distribution that assigns a probability distribution reflecting prior

beliefs about the values of the parameter before analysis the data and p(y) is the evidence

or marginal likelihood of y which is typically computationally intractable.

86



Standard MCMC (Markov Chain Monte Carlo) methods such as the Metropolis-

Hastings algorithm, can deal with posterior estimation as long as the target posterior

density is known up to the model evidence p(y). Unfortunately in the ERGM context the

posterior density p(θ|y) includes two intractable normalising constants, the model evidence

p(y) and z(θ). For this reason, the ERGM posterior density is computationally ‘doubly

intractable’.

In order to carry out Bayesian inference for ERGMs, the Bergm package (Caimo and

Friel, 2014) for R makes use of a combination of Bayesian algorithms and MCMC tech-

niques including the approximate exchange algorithm which circumvents the problem of

computing the normalising constants of the ERGM likelihoods, while the use of multiple

chains and efficient adaptive proposal strategies are able to speed up the computations and

improve chain mixing quite significantly (Caimo and Friel, 2011, 2013; Caimo and Mira,

2015). This paper makes use of the fast pseudo-posterior correction approach proposed by

(Bouranis et al., 2017) to estimate the posterior distribution of the ERGM parameters.

3.3.5 Model specifications

Given hypothesis included in the Section 3.2.1, the main model specifications are listed in

the Tables 3.2 and 3.3. The (exogenous) statistics that have an attribute are closely related

to the hypothesis (Table 3.3), while the statistics without an attribute (endogenous) (Table

3.2) overlook the characteristics of the network and better fit the goodness of the model

(Caimo and Lomi, 2014; Caimo et al., 2017).
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Hypothesis Statistics

name

Attribute Description Visualization

Hypothesis 1 edges None Number of edges in the network

Hypothesis 1 gwb1degree None Weighted degree distribution for nodes in the first mode

(municipality) of the bipartite network. It gives an idea

on equal distribution of nodes or distribution around few

central nodes in the network

Hypothesis 1 isolates None Number of nodes with degree zero

Hypothesis 1 b1degree(1) None Number of nodes of degree 1 in the first mode (municipality)

of the bipartite network. Similar to the edge, degree 1 is

represented only by the figure and not the figure included

in other configurations

Hypothesis 1 degree(2) None Number of nodes in the network of degree 2, with exactly 2

edges

Table 3.2: The table lists model specifications in terms of endogenous statistics.

Hypothesis Statistics

name

Attribute Description Visualization

Hypothesis 2 b1nodematch Valley Nodal valley-based homophily effect for the first mode (mu-

nicipality) in the bipartite network

Hypothesis 5 b1nodematch Urban land

cover

Nodal urban land cover-based homophily effect for the first

mode (municipality) in the bipartite network

Hypothesis 5 b1nodematch Forest land

cover

Nodal forest land cover-based homophily effect for the first

mode (municipality) in the bipartite network

Hypothesis 5 b1nodematch Agriculture

land cover

Nodal agriculture land cover-based homophily effect for the

first mode (municipality) in the bipartite network

Hypothesis 3 b1nodematch Closeness Nodal closeness-based homophily effect for the first mode

(municipality) in the bipartite network

Hypothesis 5 b1nodematch Radiation Nodal radiation-based homophily effect for the first mode

(municipality) in the bipartite network

Hypothesis 4 b2nodematch Activity Nodal activity-based homophily effect for the second mode

(PU) in the bipartite network

Table 3.3: The table lists model specifications in terms of covariate statistics.
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3.3.6 Software

The R code implementing the methodology proposed in this paper makes use of the Bergm

package (Caimo and Friel, 2014) to analyse the bipartite structure of the observed network

graph and will be available on GitHub.

3.4 Results and discussion

3.4.1 Posterior estimates

Parameter (statistic) Mean Median 2.5% 97.5%

θ1 (edges) -4.7247 -4.7364 -5.5080 -3.9151

θ2 (gwb1deg) -6.7181 -6.6652 -9.0727 -4.7058

θ3 (isolates) -6.8594 -6.7607 -9.9957 -4.2771

θ4 (b1deg1) -2.6944 -2.6720 -3.9257 -1.5968

θ5 (degree2) -0.9822 -0.9859 -1.4762 -0.4855

θ6 (b1nodematch.valley) 1.1404 1.1486 0.2605 1.9892

θ7 (b1nodematch.urban.clc) 0.4278 0.4395 -0.3964 1.2220

θ8 (b1nodematch.forest.clc) 0.5629 0.5633 -0.4048 1.4964

θ9 (b1nodematch.agric.clc) -0.0249 -0.0248 -1.0123 0.9727

θ10 (b1nodematch.closeness) 1.2382 1.2267 0.5752 1.9529

θ11 (b1nodematch.radiation) 0.8199 0.8146 0.0770 1.5745

θ12 (b2nodematch.PU.nature) -0.2243 -0.2255 -0.8980 0.4538

Table 3.4: Posterior mean, median and 95% credible intervals.

The analysis uses vague prior distributions for all the parameters, i.e., θi ∼ Nd(µ,Σ),

where the dimension d corresponds to the number of parameters, µ is mean vector centred

at 0 and Σ is a d× d diagonal covariance matrix whose variances are all set to equals 100.

The posterior estimates of the parameters explain the importance of the corresponding

network statistics in explaining the overall connectivity structure of the observed bipartite

network. The lines in bold in the Table 3.4 represent the posterior parameter summaries

for which 0 does not fall in the credible intervals. This means that the bold posterior

parameters are relevant in explaining the actual network, considering the whole used

model.

The model investigates the diffusion of energy governance practice based on relation-

ships between municipalities and PU, and underlines the practices below the energy gov-

ernance in South Tyrol. The actual network (Figure 3.1) has low density characterised by
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few edges (θ1, θ2, θ4 in Table 3.4) and 53 isolated municipalities (θ3 in Table 3.4). This

means that the practice of planning and management of territorial resources and

needs at local scale through contracts between municipalities and PU exists but

it is not used by almost half of the municipalities. Therefore, the findings partly confirm

Hypothesis 1 of the Section 3.2.1: the values of edges (θ1), and the network density

(θ2, θ4) are low (Table 3.4), counting 53 out of 116 municipalities that do not use, plan,

and manage the energy through energy services supplied by PU. Further, the presence of

PU that supply the services of only one municipality is relevant (θ5), partly confirming

the second part of Hypothesis 1 of the Section 3.2.1: the municipalities that use, plan,

and manage the energy through energy services supplied by PU do not always collaborate

with other municipalities. The practice to collaborate between municipalities by

means of shared PU is only partly spread (θ5) and involve 32 out of 120 PU.

Deepening the practice to collaborate including the characteristics of actors - the

so called covariate statistics (Table 3.3) - and the practice to collaborate with similar

ones, this research defines some relevant shared features of municipalities. Looking at the

Table 3.4 and its θ6, θ10, and θ11, the findings show that the municipality attributes of

valley, spatial closeness, and solar radiation are relevant to explain the two-star configura-

tions: two municipalities share the same PU when they are closed one each other, belong

to the same valley and have similar range of solar radiation. The two-star configurations

based on urban, forest, and agriculture land cover of municipalities (Table 3.3) are not

relevant to explain the actual network as well as the activities of PU are not relevant to

explain the network configuration. The practice to collaborate with similar others

is only confirmed considering geomorphological context (Hypothesis 2 of the Section

3.2.1), spatial closeness (Hypothesis 3 of the Section 3.2.1), and solar radiation charac-

teristics (partially confirming the Hypothesis 5 of the Section 3.2.1). The Hypothesis 4

and partially the Hypothesis 5 are not confirmed in the South Tyrol energy governance.

According to the results, the practice of local government just recognises the solar radia-

tion as local resource to use as mean to collaborate with other municipalities for planning

and managing the energy. This could be due by a multiplicity of tools in South Tyrol

for energy planners that increases the awareness about the solar radiation resource (Rete

Civica dell’Alto Adige), while the results in other regions where this awareness is weaker

could be different. Several studies on urban, forest, and agriculture land cover and energy

90

http://geocatalogo.retecivica.bz.it/geokatalog/#!
http://geocatalogo.retecivica.bz.it/geokatalog/#!


potential have been done for the South Tyrol area, but not online results are available.

This may mean that energy planners and managers do not have enough information on

urban, forest, and agriculture potentialities to build ad hoc collaborations. Furthermore,

a common range of solar radiation can describe similar morphological characteristics but,

in this case, not similar (urban, forest, and agriculture) land cover and natural energy

potentials.

3.4.2 Goodness-of-fit diagnostics

A way to examine the fit of the data to the posterior model and the output obtained

is to implement a Bayesian goodness-of-fit procedure (Hunter et al., 2008). To do this,

network graphs are simulated from independent parameter values randomly drawn from

the estimated posterior distribution and compared to the observed network data in terms

of high-level characteristics which are not modelled explicitly. In this context, since the

research is dealing with a bipartite network, it focuses on the degree distribution.

0 2 4 6 8 10 12 14 16 18 20 22

0.
0

0.
2

0.
4

0.
6

degree

pr
op

or
tio

n 
of

 n
od

es

edges b1nodematch.forest_clc b2nodematch.PU_nature

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

model statistics

si
m

ul
at

ed
 q

ua
nt

ile
s

Goodness-of-fit diagnostics

Figure 3.2: Goodness of fit of the first model including only covariate statistics.
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Figure 3.3: Goodness of fit of the second model including endogenous statistics.

The black solid lines represent the distributions of the observed data. The boxplots

represent the goodness-of-fit distributions calculated on 100 network graphs simulated

from ERGMs based on valued sampled from the estimated posterior distribution. The

solid light grey lines mark the 95% intervals. An estimated ERGM is fitting perfectly a

certain observed network if the black line falls inside this interval – a result that is very

difficult to obtain in practice.

Figures 3.2 and 3.3 show that the model including the extra-dyadic endogenous network

statistics2 better fits the actual network with respect to the model including only covariate

statistics.

3.4.3 The relevance of bridges and their probability to exist

The model and its estimates are not only relevant to understand the network dynamics

below the actual relationships. Based on model estimates, this research investigates the

probability of each edge to be observed compared to not be observed (odds), when it exists

and when it does not exist. Once the findings confirm that only 63 out of 116 municipalities

use the practice of planning and managing the territorial resources and needs

at local level through contracts with PU, the research questions the opportunities

2Endogenous network statistics are dyadic-based statistics based only and include connectivity infor-

mation, while exogenous are covariate-based network statistics and contain information on nodal or dyadic

attributes.
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to spread this practice. The bridges can be mean to spread energy governance practice to

the isolated nodes.

In particular, the results underline that some existing edges have low probability to be

observed (conditional on the rest of the network structure being fixed), while almost of the

not existing edges have low probability to be observed. In the first case, the existing and

low likely edges follow dynamics that the model does not consider (i.e., a conflict between

municipality and PU). The model is not able to explain why some edges exist. Vice

versa, the not existing edges are well-explained by the model due by significant presence

of isolated municipalities.

municipalities

public utilities

Nova 
Levante

Nova 
Ponente

Terento

Unione 
dell'Energia

Prato allo 
Stelvio

Lana

Verano

Figure 3.4: The representation of the network shows several bridges, i.e. Unione dell’Energia. Considering as an

example, Unione dell’Energia is linked to Terento, Prato allo Stelvio, and Lana and is not linked to Nova Levante,

Nova Ponente, and Verano.

The role of bridges may be relevant to spread energy governance and change into

wider sustainable energy districts. For this reason, the research investigates the relevance

of the main bridges of the network to create new relationships, calculating the probability
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to have new edges around the main bridges of the network. The Figure 3.4 shows some

bridges (i.e., Merano, Prato allo Stelvio, Egna, Bressanone, Unione dell’Energia, Consorzio

energetico, Cooperativa energetica) and observes that some existing relationships should

not exist according to the model (Figure 3.5). A further investigation on the conditions

of their existence may promote a change towards wider energy governance.

Figure 3.5: The boxplots represent the probability odds to observe three edges that already exist between Unione

dell’Energia (PU) and the municipalities of Terento, Prato allo Stelvio, and Lana. Where values are higher than 20,

the change from the existent edge to the not existent edge is significantly likely.

Figure 3.6: The boxplots represent the probability odds to observe the three edges that do not exist between Unione

dell’Energia (PU) and the municipalities of Nova Levante, Nova ponente, and Verano. Where values are lower than

0.05, the creation of new edges in those dyads is very low.

As an example, considering Unione dell’Energia (PU) as a bridge that might spread

energy governance practice, its relationships with Terento, Prato allo Stelvio, and Lana

have low probability to be observed (Figure 3.6). But they still exist. The dynamics be-

yond these relationships should be deepen investigated (also through qualitative research)

looking for dynamics that drive the change. Some relationships that currently exist have

low probability to be observed according to the model estimates. These relationships are

interesting, because they could involve the conditions of the change that the model is not

able to explain.
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Summing up, the network will probably change reducing the number of edges (Figure

3.5), but without introducing new ones (Figure 3.6). For supporting some changes in rela-

tionships and spreading sustainable energy districts, other dynamics and practices would

be introduced. The model recognizes that today the practice to collaborate with

neighbour municipalities and the practice to locally govern based on common

solar radiation are relevant in the energy governance network. But they are still not

enough to stimulate a spread of the energy governance in South Tyrol through new edges

created by the bridges.

3.5 Conclusion

Considering the social practice approaches, things (i.e., technologies and techniques), a

common understanding by social actors on how to use them, a recognition of the ap-

propriate behaviours (i.e., competences to use RE technologies), and related meanings

constitute the sustainable energy governance practice. This practice is spread in a space

composed by relationships between actors within a region.

This research investigates the existence and the opportunities to spread a sustainable

energy governance analysing its network of actors and relationships within South Tyrol

case study. In particular, it analyses the part of energy governance composed by mu-

nicipalities and public utilities that practices a sustainable energy governance, a local

planning and management of territorial resources, a collaboration with other actors that

have equal and similar resources and needs. The research investigates this network

of actors and relationships thanks to a Bayesian network model for bipartite graphs in

order to underline the relational dynamics and structures that created the actual network.

The network of relationships between all 116 municipalities and 120 public utilities

confirm that an energy governance is spread only to half municipalities in South Tyrol

and, where this kind of relationships is observed, the network is based on relations be-

tween spatially closed municipalities. Further, municipalities collaborate when they share

common solar radiation resources useful to produce photovoltaic or solar thermal energy.

this research partially confirms the governance practice to collaborate with others in the

energy sector and it does not confirm the practice to collaborate with other similar mu-

nicipalities, except for common solar radiation specificities. Given the confirmed practices
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based on Bayesian exponential random graph model, the likelihood to create new relation-

ships between municipalities and public utilities is low. If energy planners aim to further

spread the energy governance practice to other municipalities, they should look at other

dynamics that are not included in the model.

The procedure and the open data will be published in a GitHub repository with the

aim to replicate this analysis in other case studies and compare different results.
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Chapter 4

Recommendations to regional and

local energy planners

This research is a first attempt to define socio-energy systems in theoretical

and applied research. The findings of this research permit to propose new collaborations

between municipalities in order to develop energy plans effectively. These collaborations

are based on several resources available in territories, included the social ones.

The climate change can be slowed and dealt through adaptation and mitigation actions.

These actions require a strategy of transition to sustainable world that involves

territories and actors at all the scales, included the local ones.

The Decision Support Tool (DST) - that emphasizes local specificities and

translocal collaborations in the energy planning based on common resources, needs,

and objectives - suggests a strategy for a deepen energy transition that uses and does not

waste the available resources.

In the promotion of a more balanced, inclusive, and equal energy transition (Turnhout

et al., 2014), this research supports the importance of this DST in increasing the effec-

tiveness of energy planning at regional and local scale (Table 4.1). This DST includes and

spreads a wide knowledge about specificities and potentialities of a territory in order to

increase RE and promote a sustainable development. The DST stresses the importance of

social features and resources of territory for the effective development and implementation

of energy plans.
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Based on regional and local specificities, this research applies the DST to the South

Tyrol case study, proposing collaborations (Figure 4.2) and recommendations on the re-

sources to use in the energy planning (Tables 4.2 and and 4.3). The methodology is

developed with the aim to replicate it to other case studies and other topics with small

adjustments.

Actually, Chapter 1, 2, and 3 can be read as an autonomous research and each of the

three methodologies can be applied to other case studies and topics (i.e., natural hazards

protection policies, educational system planning). However, linking the results and the

methodologies of the three chapters permits to have an added-value of the research, with

wider interpretation and usefulness of the results in the actual energy planning. Chapter 4

explains the most relevant results of this research and then the link between all the results

proposing recommendations to energy planners (Tables 4.2 and 4.3).

In particular, Section 4.1 reports the reasons of the importance of the definition of

socio-energy systems and their features. Section 4.2 transforms the results of variation of

socio-energy systems within South Tyrol in recommendations to regional and local energy

planners. Section 4.3 suggests how to achieve an energy governance based on collaborations

between municipalities that have similar needs, resources, and preferences.

4.1 The relevance of different resources of socio-energy sys-

tems

To realize and be aware of the existence of different socio-energy systems within

a regional territory are important steps towards the recognition of different territorial

and social resources to use in energy planning. The correct use of these resources

increases the effectiveness of the energy plans using all translocal and local development

potentialities.

The critical analysis of the existing scientific knowledge underlines the importance

of specificities of each socio-energy system. The deep analysis of literature reports the

dimensions and the aspects that promote energy system changes from territorial and

social perspectives. The quantitative analysis of 1084 scientific publications found in

SCOPUS according to the key words acceptance, conflict, and renewable energy defines
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Chapters Results Outputs Figure,

map, table

Chapter 1 Systematic review of scientific literature based on ac-

tors, processes, and networks related to energy system

changes, focusing on acceptance, conflict, and renew-

able energies

List of dimensions and key aspects for the

definition of local population’s responses in

front or renewable energy changes

Figures 1.2

and 4.1,

Tables 1.6

and 1.3

Chapter 2 Applied definition of territory as socio-energy system,

emphasizing social and collaborative resources for en-

ergy planning

Decision Support Tool including clusters of

socio-energy systems and related specificities

Figure 2.2

and Table

2.9

Chapter 3 Definition of relational dynamics that shape the ac-

tual energy governance

Results of an Exponential Random Graph

Model and probabilities to exist (out of not

exist - ODDS) of each relationship between

municipality and public utility

Table 3.4

and Figures

3.6 and 3.5

General Analytical and applied definition of territory as socio-

energy system, and recommendations to energy plan-

ners about collaborations and other kind of resources

available in the territory to use for developing effec-

tive energy plans

Recommendations included in the thesis

and, in future, in a flyer

Tables 4.2

and 4.3

Table 4.1: Results and outputs of the research.

the most cited 168 publications1. The quantitative and qualitative analysis of the 168

selected scientific publications based on a territorial analytical framework (Figure 1.2)

defines the dimensions and the key aspects included in the Tables 1.6 and 1.3. These

aspects are relevant to increase the achievements of low carbon and distributed energy

systems through energy planning (Figure 4.1) and support the analysis of socio-energy

systems within a territory (Table 4.1).

At local scale, the society is composed by individual and collective levels. Considering

the individual level, actions and reactions of people in front of RE projects are determined

by perceptions i.e., on (i) the sustainability of the project, (ii) its risks and benefits distri-

bution, (iii) the impacts of plants and technologies, and (iv) the risks related to climate

change (Table 1.6 for a wider list of relevant perceptions).

Acceptance or conflicts of individuals related to RE interventions are also linked to (i)

the level of quality of life and household wealth, and to (ii) the individual commitment

and its compatibility with the commitment of other individual, social, and political actors.

Higher quality of life move the attention of people from primary needs of vulnerable people

and communities to other needs, such as climate change mitigation and environmental

quality (Wolsink, 2010; Bonte et al., 2011). Today, people satisfy their needs according to

environmental and/or economic attitudes. On the one hand, people have environmental

1The number of citations is one of indexes that attest the importance of the specific publication (Wils-

don, 2016).
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attitudes, particularly strong in the new and young generations (Yazdanpanah et al.,

2015; Paravantis et al., 2018). These environmental attitudes are an important resource to

underline and use in energy planning i.e., involving young people in participatory planning

or in educational programmes that use the word of mouth to spread information to wider

population (Rogers et al., 2012). On the other, the people interest is to reduce the costs

of energy for maintaining the levels of consumption and the related quality of life (Ekins,

2004). In this case, ad hoc economic speeches and incentives have wider impact in people

acceptance and promotion of RE interventions.

Figure 4.1: The main substantial, procedural, and relational aspects of the local socio-energy systems that support

the transition towards low carbon and distributed energy systems. Source: Balest et al. (2018).

The human capital defined in terms of knowledge about (i) RE technologies, (ii) link

between energy uses and CO2 emissions, and (iii) climate change is relevant to shape energy

systems with low carbon emissions, and confirms the need to promote educational pro-

grammes when these knowledge are missing (Halder et al., 2013). Informative programmes

to overlap the lack of understanding new technologies increase their attractiveness (Dowd

et al., 2011), the availability to use them and to change energy behaviours (DellaValle
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et al., 2018).

The collective level of the society at local and translocal scale has other important

aspects to consider for achieving low carbon and distributed energy systems. Local and

social identity into a common territory emphasizes symbolic and affective aspects (i.e., cul-

tures, traditions, affective ties between inhabitants, place attachment) that are important

to define the attachment of people to their local territory and the actions or reactions for

its protection and development (Devine-Wright, 2005; Wolsink, 2007, 2010; Musall and

Kuik, 2011; Wolsink, 2012; Cohen et al., 2014; Delicado et al., 2016). If local popula-

tion has high attachment to the local territory (Devine-Wright, 2005) and it perceives a

potential damage to the development or the landscape of the territory (Zoellner et al.,

2008), conflict against RE project will carry out (Kontogianni et al., 2014). It is impor-

tant to define the level of attachment of people and their imagery about the local territory

they live in, for proposing projects that are coherent with the local population mind and,

accordingly, more sustainable from the social viewpoint.

The local population mind can be investigated also considering the historic habitus2

(Balest et al., 2018; Bourdieu, 2018), such as the capacity of the community to group and

respond to a crisis (the habitus of resilience), the habitus of collective ownership of natural

resources and common goods, such as forest, or the habitus of initiative when no external

actors respond to the local needs as in the case of absence of electric grid in some isolated

Alpine territories. These aspects are only partly investigated in this research including

i.e., through proxies as local population’s age, attitudes, and preferences or presence of

infrastructures. Deepen investigation should carried on to have a wider interpretation of

the results of this research.

The focus of this research is not only to static characteristics of individuals and com-

munities, but also to processes and relationships (Figure 4.1), according to (Wolsink, 2010,

p. 303): “Social acceptance is not simply a set of static attitudes of individuals, instead

it refers more broadly to social relationships and organisations, and it is dynamic as it

is shaped in learning processes”. Some characteristics of decision-making processes, such

2Habitus are considered schemes of thought, perceptions and actions people have in the long period

using energy (Balest et al., 2018; Bourdieu, 2018)
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as energy planning and management, are relevant to address local population’s energy

choices3 (Wolsink, 2010). For example, transparency and low time and cost consumptions

are important (Wüstenhagen et al., 2007; Zoellner et al., 2008) and energy planning should

follow the indications of the ecological modernization (Wolsink, 2007):

“

• Open democratic decision-making, rather than technocratic and corporatist-style de-

cision making.

• Participation and involvement, rather than planning and decision-making carried out

by scientific, economic and political elites.

• Open-ended approaches that allow multiple views, rather than the imposition of sin-

gle, closed-ended proposals.

• Broad changes in institutions, incorporating environmental concerns, rather than

technological solutions to environmental problems” (Wolsink, 2007, p. 2702).

In a concept of ecological modernization, the processes should represent all the

relevant stakeholders and their multiple views about the territory. Energy

planners should work with people and groups who manage public, social, economic, and

environmental life of territory i.e., enterprises, forest and agriculture land managers, as-

sociations, political parties. Different views also come from different policy and planning

sectors, such as climate change adaptation through measures to prevent avalanches and

flooding. The relation with other policy and planning sectors creates opportunities for

technological, economic, and social innovations, such as new integrated technology that

both produces RE and protects from avalanches. With their contribution of local knowl-

edge, the relevant actors from all the sectors are considered as resources (Wolsink, 2010;

Hassan et al., 2015) in the Chapter 2 of this thesis.

After the investigation of socio-energy systems and their specificities, this research

proposes ad hoc participatory processes based on some or all indications of the ecological

modernization. Not all the socio-energy systems are suitable of participation or all as-

pects of ecological modernization and this research contributes to understand where these

3More concretely, the perception of these characteristics are relevant.
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processes can be finalized. This process must be adjusted on the specificities of

the territorial local context. For example, a deeper participation and involvement

should be asked where the energy plan promotes a change contrasting the most important

views of stakeholders (Yazdanpanah et al., 2015). In other cases, the “broad changes in

institutions, incorporating environmental concerns, rather than technological solutions to

environmental problems” should be addressed when the presence of youths - that have

typically higher environmental attitudes (Prasadh and Suresh, 2016) - is higher compared

to places where aged people - that could prefer economic solutions - are prevalent.

The social relationships between actors and organizations are relevant to explain the

local population’s choices, the public authorities’ choices, and the related shape of the

actual energy systems i.e., Walker et al. (2010); Shove and Walker (2010); Müller et al.

(2011). According to the Figure 4.1, trust in relationships (Upham et al., 2015), word of

mouth exchange of information (Rogers et al., 2012), and predisposition to collaborate for

achieving common objectives (Wolsink, 2007) are relevant relational dynamics involved

in socio-energy systems. The awareness about these relational dynamics is relevant both

to increase the social potentialities towards RE changes and to achieve the collaborations

between municipalities towards an effective energy planning. Chapter 3 considers all these

dynamics, emphasizing the still not important role of collaborations between municipalities

in South Tyrol for energy governance. However, bridges in the network of relationships

between municipalities and PU can be tools for transferring important information on

energy planning through the word of mouth and the existing trust (Wolsink, 2007; Ertör-

Akyazı et al., 2012).

With this important knowledge on how people interact with their territories and RE

projects, this research analyses the translocal and local territory in a comprehensive way,

defining eight different socio-energy systems in the South Tyrol area. Based on the iden-

tification of the different socio-energy systems and the following network analysis of the

actual energy governance network, this research proposes to regional and local energy

planners the recommendations included in Tables 4.2 and 4.3.
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4.2 Specificities of socio-energy systems and recommenda-

tions to energy planners for South Tyrol

The Figure 4.2 shows the eight socio-energy systems in the South Tyrol. The energy

should be planned based on the resources available within each socio-energy system or

cluster as presented in the Table 4.2. Of course, this research is a starting point to have

a wider picture of the territory to plan and further investigations should be carried out

to deeply interpret the findings. However, some interesting inputs to energy planners are

here presented.

Figure 4.2: The map shows the colour shades of the eight clusters, in the grey context of EUREGIO Trentino-South

Tyrol-Tyrol. The ninth colour represents the urban municipalities excluded by the cluster analysis.
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Cl. Description Recommendations

1 Small municipality

with high access

to public services,

but not renewable

energies

• Education programmes in kindergarten and primary school to promote renewable,

efficient, and saved energy

2 Municipalities with

young and politically

active people

• Ad hoc education activities starting from the primary school

• Discussion with SVP to increase its public commitment to achieve energy transition

targets in South Tyrol

3 Mountain municipali-

ties with some im-

portant actors: SVP,

tourist sector, and cit-

izens

• Participatory energy planning including the tourist sector

• Further studies could better address the actions of the plan and the advertisement

campaign investigating the preferences of the actual and potential tourists

4 Municipalities with

mixed energy, tourist

activities, and

avalanche phenomena

• Promote technological and social innovations integrating solutions that answer to

energy, avalanche, and flooding contrasting needs

• Promote electric vehicles with ad hoc economic and social incentives dedicated to

both low and high income families

5 Well-connected mu-

nicipalities with high

associative participa-

tion

• Participatory process for the definition of energy plan involving public authorities

and associations

• Informative campaign to citizens organized and managed by associations and public

authorities

• Promote technological and social innovations integrating transport, hazard protec-

tion, and energy infrastructures through ad hoc action in the energy plan

6 The best performing

and semi-urban mu-

nicipalities

• Participatory process for the definition of energy plan involving public authorities

and associations

• Informative campaign to citizens that involves associations as bridges to citizens with

the aim to increase differentiated wastes, renewable energy production, and energy

savings

• Education programmes in secondary and high schools in order to promote differenti-

ated wastes, renewable energy production, and energy savings

7 Valley floor and agri-

culture municipalities

• Participatory process involving agriculture land owners to develop an action in the

energy plan

• Promote energy action plans in order to decrease inequalities in terms of quality of

life

8 Municipalities with

enterprises, tourist

enterprises, associa-

tions, and elders

• Participatory process involving public authorities, enterprises, tourist enterprises,

associations, and forest land owners of the two municipalities in order to discuss

about a common renewable energy future. The participatory process should be based

on techniques that consider the possible conflicts between the two municipalities and

between the actors.

Table 4.2: The table reports the recommendations to regional and local energy planners in terms of collaborations

and resources to use in the energy planning.
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For the interactions between the 41 factors in the cluster analysis (Table 2.2), Ponte

Val Gardena is the only municipality in the cluster 1 - Small municipality with high access

to public services, but not renewable energy. This municipality is particularly different

from the other clusters for its smallness in terms of surface and number of inhabitants.

The tourist sector does not exist, people with high income are not relevant, and the

wide presence of highway, streets, and railways out of total surface characterizes this

municipality. Kindergarten and primary schools have high number of pupils that probably

come from neighbour municipalities. Education programmes in these schools could be a

channel to communicate with families and neighbour municipalities in order to collaborate

for achieving wider RE, energy efficiency, and saving targets.

As reported in the Section 4.1, the views of the most important actors in the territory

must be included in the energy planning especially when stakeholders perceive poten-

tial damages to their interests (i.e., economic profit, landscape and environment quality).

Several clusters are characterized by importance of some stakeholders, but in different

compositions. For example, in the cluster 2 - Municipalities with young and politically

active people youths, families, and SVP are the most relevant actors to involve. Of course,

youths and families are involved in different ways compared to SVP for increasing the

effectiveness of participation. SVP can be included emphasizing its role in public commit-

ment, while youths and families could be involved through ad hoc activities starting from

the primary schools and the actual high people involvement in producing and consuming

local energy. This people involvement can be strengthen, for example, promoting and

sharing a community RE project based on a collective decision.

Moving to cluster 3 - Mountain municipalities with some important actors: SVP,

tourist sector, and citizens, the relevant actors to involve in energy planning are different.

The integration between energy and tourist development actions could create a common

path that increases the effectiveness of both the sectors. For example, the appeal of tourist

sector can increase with the diffusion of RE (Dalton et al., 2008) and a good advertisement

campaign to the tourists that desire an environmental quality of the stay. In this way, the

share of resources between the two sectors could increase the environmental, social, and

economic earnings of both the sectors.

The cluster 8 - Municipalities with enterprises, tourist enterprises, associations, and

elders involves enterprises, tourist enterprises, forest land owners, and associations. A
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participatory process involving all these actors in the two municipalities of cluster 8 could

promote RE actions that are relevant for all the cited sectors. Collaborative planning

between two municipalities could be easier than bigger groups of municipalities. However,

if the two municipalities do not actually collaborate, it is important to collect the reasons

of the possible conflict and the imagery of people and public authorities on the future de-

velopment of the territory. The imagery can be the first step to discuss about a common

RE future in the energy planning and participatory project. The conflict that can exist

between the actors and the public authorities should be managed based on specific par-

ticipatory methods. If the relevant actors in each cluster are not considered as resources,

they could become actors of conflict.

In the cluster 8 as in the cluster 5 - Well-connected municipalities with high associative

participation and 6 - The best performing and semi-urban municipalities, energy planners

should involve associations as mean between planners and citizens. In the cluster 6, the

environmental associations are many and this represents a certain kind of attitudes taking

care the environment. The involvement of associations can promote the knowledge and the

trust between planners and citizens (Zoellner et al., 2008). In such of these associations,

local knowledge (also related to other RE projects) can be relevant to address and decrease

the environmental and social prints of RE projects (Zoellner et al., 2008).

The knowledge about the characteristics of inhabitants is relevant to address the ac-

tions to the specific public and organize the involvement of people and the main civil

society actors. In cluster 6 - The best performing and semi-urban municipalities, the in-

habitants do not have environmental attitudes expressed in percentage of differentiated

waste. This sector and the RE sector could be object of a common informative campaign

that involves associations as bridges to citizens, and schools as bridges to students.

Other interesting aspects are related to inhabitant density. In the cluster 7 - Valley

floor and agriculture municipalities, the inhabitant density is high and this is a resource to

promote district heating projects. Linking this potentiality to the high presence of agricul-

ture land cover, the district heating plant could receive the raw material and wastes from

the agriculture sector. This is the basis to organize a participatory process with public

authorities and agriculture sector in order to save wastes and produce energy in the terri-

tory. Other specificities are not relevant for cluster 7. For example, associations, schools,

and youths are not crucial and educational programmes or involvement of associations
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and youths would not be the most strategic actions. Another interesting aspect on which

public authorities could work in the cluster 7 is the decrease of income inequalities. In

this valley floor area along the Adige river, the RE sector and incentives dynamics could

decrease the inequalities, at least achieving a common quality of life.

The integration between energy planning and other policy and planning sectors in-

creases the effectiveness looking at the territory in a wider and complete way. It recog-

nizes that territory is complex and the energy is not isolated from the other components.

Flooding and avalanche phenomena require protection and prevention measures. These

measures can be integrated with energy ones i.e., building an innovative infrastructure

that answers to both the energy and the protection needs. The integration between policy

and planning sectors involve also transport infrastructures: the integration between high-

ways and railways management, flooding and avalanche prevention, and energy planning

is an opportunity for technological innovation. Territory will be also more attractive for

residents if its components are well integrated and managed.

The electric vehicle is another sector that can interact with the energy ones. The

electricity can be produced at local scale and the cars can be substituted with electric

vehicles. Good energy plan actions should consider that the car is a status of the family,

especially where the number of cars is high, as in the cluster 4 - Municipalities with mixed

energy, tourist activities, and avalanche phenomena.

It is very important to change strategies, address planning actions, and choose partic-

ipatory approaches according to the specificities of each socio-energy system (Table 4.2).

Through this approach, the energy planning can fully use the potentialities of territories.

However, the collaborations between municipalities that belong to the same socio-energy

system are not obvious.
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4.3 Feasibility of new collaborations in energy governance
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Figure 4.3: The maps of South Tyrol show the relationships between municipalities through public utilities in

energy sector. These maps are a simplification of the relationships because they do not represent the public utilities

that are embedded in the edges. The circles are municipalities and their colours represent the clusters or the valleys,

and the size shows the number of links with other municipalities.

The network analysis and the ERGM of the actual energy governance underlines some

differences between the potential collaborations proposed by the DST (Figure 2.2) and

the actual collaborations (Figure 4.3) in energy sector. According to the model (ERGM),

the actual energy governance network is not dense and only few relationships exist (Table

3.4). These few existing relationships between municipalities are based on spatial close-

ness or on similarities of solar radiation. The collaborations based on similarities between

municipalities are not spread and the actual existence of only some clusters is con-

firmed by the network analysis and the ERGM of the energy governance. However, this
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research aims to promote the change towards a more balanced, inclusive, and equal energy

transition. This third part of the research underlines some important dynamics that

could change the actual energy governance network towards the collaborations

proposed by the DST.

Crossing the results of the cluster analysis (Chapter 2) and the network analysis (Chap-

ter 3), this research underlines that some main actions should be encouraged (Table 4.3):

• Promote the practice to collaborate. The collaborations between municipalities

in the energy sector are important to pursue higher RE, energy efficiency, and energy

saving targets. Collaborations mean more resources available for the energy planning

and management. The shared resources are knowledge, human capital, experience,

funding, time. Integrating the actions of the planning, the activities can be organized

and funded by more municipalities. These activities can be more effective when they

are organized based on more experiences and knowledge.

Several municipalities do not collaborate with others through PU: some of them use

PU for supplying their own individual services, while others do not have contracts

with PU. In promoting the collaborations, this information should be considered and

new tools for collaborations in energy sector should be created where PU

are not used, while PU should be deeper used where they are already relevant. The

calculation of the odds (Chapter 3) permits to understand the level of probability to

create a new relationship based on PU. In general, municipalities that already have

contracts with PU are more likely to have a new contract with another PU.

• Involve PU in the process to spread the collaborations between municipalities,

where PU are already used. Sometimes, PU have important role as bridges to create

new collaborations between municipalities. These bridges between actors permit the

exchange of several resources, i.e. information, management capabilities, acceptance,

and common development visions (Späth and Rohracher, 2010; Müller et al., 2011;

Balest et al., 2018). Currently, central PU shape the energy governance not on local

and traslocal specificities but with the intention to include all the municipalities.

I.e., Unione dell’Energia (SEV) is the result of the merge (2012) of two past utilities,

being today an utility that supplies many energy services: Federazione dell’Energia
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Raiffeisen and Consorzio Biomassa Alto Adige. Consorzio Biomassa, funded in 1998,

managed 44 district heating plants with a huge knowledge of management, while

Federazione dell’Energia Raiffeisen suports small and medium energy enterprises.

Unione dell’Energia, born in South Tyrol, has a huge knowledge on these kind of

energy services that could be integrated with the idea behind this research that

aims to promote collaborations in energy planning between municipalities that have

similar needs and resources.

This interesting experiment to merge different regional PU can be integrated in an-

other experiment that stresses the consideration of local specificities and similarities

for wider energy transition. The PU could integrate their choices in making contracts

with municipalities, bordering different contracts according to the DST proposals.

However, the effectiveness of this experiment would be higher where municipalities

already use PU.

In all the cases where PU are not used by municipalities, regional and

local energy planners should create new incentives for a collaborative

energy planning, such as participatory, informative, or educational pro-

cesses according to the recommendations in Table 4.2.

• Solve the existing conflicts. The absence of collaborations between municipal-

ities can be result of conflicts in the energy and other sectors. Conflicts between

municipalities and between other actors can belong to historical habitus, but they

can be solved. Today, several conflict management techniques (McCullough and

Sarver, 2016; Schaller et al., 2013) exist and the actors can be involved in a process

in order to fix past conflicts and promote the change towards new collaborations.

Before starting to promote new collaborations, a further research should investigate

the existence, the actors, and the reasons of the conflict. These information are

fundamental to organize all the other steps of a shared energy planning.

• Strengthen the network of the actual relationships between municipalities

that belong to the same cluster. Some relationships between municipalities that

belong to the same cluster already exist. This network can be confirmed through

informative and participatory events in which local energy planners discuss on the

real possibility to continue these collaborations in the energy planning.
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Cl. Description Promoting collaborations

1 Small municipality

with high access

to public services,

but not renewable

energies

• Do not focus on collaborations with other municipalities, but on the promotion of

relationships between internal actors and citizens

2 Municipalities with

young and politically

active people

• Tubre, Glorenza, Sluderno, Tires, Terento, and Villabassa have already relationships

one another and they are already able to start collaborations in energy planning

based on the available resources presented in the Table 4.2

• In order to create new collaborations in this cluster, Tires can promote collaborations

with the neighbour municipalities (i.e, San Genesio Atesino, Meltina, and Verano) in

the energy sector, but not using PU. Tires can use existing trust relationships, word

of mouth opportunities, and solving possible conflicts between municipalities with

the support of experts in conflict management. PU could be an important tool to

promote other new collaborations, i.e.between Tires and Cornedo all’Isarco.

3 Mountain municipali-

ties with some im-

portant actors: SVP,

tourist sector, and cit-

izens

• As showed in the Figure 4.3, the majority of municipalities in cluster 3 has already re-

lationships one another. They are already able to start collaborative energy planning

based on the available resources presented in the Table 4.2

• Promote new collaborations including i.e., Racines through the spatial closeness with

Campo di Trens. In this case, Campo di Trens can use existing trust relationships,

word of mouth opportunities, and solving possible conflicts between municipalities

with the support of experts in conflict management.

4 Municipalities with

mixed energy, tourist

activities, and

avalanche phenomena

• Start a collective energy planning between municipalities that have already relation-

ships through PU, based on the resources presented in the Table 4.2

• Promote the practice to collaborate in energy sector of the isolated municipalities,

understanding why they do not actually collaborate and spreading the collaborative

network (i.e., Renon, Castelrotto, Ortisei, Santa Cristina Val Gardena). Informative

and participatory events underling the the advantages to collaborate could be the

starting point for a collaborative energy planning

5 Well-connected mu-

nicipalities with high

associative participa-

tion

• Provincial policy-makers and planners should promote the collaborations between

these three municipalities through different tools (preferably not PU). Informative

and participatory events for stressing the advantages of a collaboration between these

three municipalities could be the starting point of discussion for promoting a collab-

orative energy planning.

6 The best performing

and semi-urban mu-

nicipalities

• Promote the practice to collaborate in energy sector, understanding why they do not

actually collaborate

• Incentive the collaborations between the municipalities of this cluster, using the im-

portance of PU as bridge to link Lana and Laives and using other approaches (i.e.,

participatory process) to link the other municipalities

• Promote a different dynamic of collaboration of Lana and Laives in the energy plan-

ning, more careful to similar needs and resources between municipalities

7 Valley floor and agri-

culture municipalities

• Promote the practice to collaborate in energy sector, understanding why they do not

actually collaborate and using tools different from PU

• Promote collaborations between municipalities that belong to the cluster through

informative events to local planners that underline the importance of similarities for

an effective energy planning and the advantages of collaborative energy planning and

management

8 Municipalities with

enterprises, tourist

enterprises, associa-

tions and elders

• Investigate the reasons of not collaborations between the two municipalities

• Propose a participatory process on local and energy development solving the actual

conflicts between them (if any) through specific conflict management techniques

• Propose a collaborative energy planning to the two municipalities based on the re-

sources presented in the Table 4.2 and stressing the translocal collaboration between

the most relevant stakeholders (i.e. enterprises, forest land owners)

Table 4.3: Recommendations on how to promote new collaborations in the energy governance of South Tyrol.
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• Once the networks per each cluster are defined, a participatory process should

be carried out to start using in the energy planning the most relevant

resources, based on the results of the DST (Table 4.2). Collaborative energy plan-

ning does not mean that the output is only one energy plan, but that the planning

process is collaborative.

The Table 4.3 shows some specific recommendations to regional and local energy plan-

ners in order to promote relationships between municipalities that belong to the same

cluster. However, further findings of this research could be interpreted.
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Chapter 5

Conclusion

This research is a first attempt to delineate an analytical framework and an ap-

plied definition of socio-energy system. These framework and definition investigate the

socio-energy system as a system embedded in a territory that is composed by a set of

layers (social-cultural, legislative, economic, technological and natural). These framework

and definition emphasize the roles of the choices of local populations and public author-

ities. In the socio-energy system, the local population makes choices shaping and being

shaped by the interactions between society and energy in a space-based context.

This research is based on the idea that all local territories can contribute to the energy

transition emphasizing their potentialities and resources. For addressing energy system

change towards low carbon and distributed energy system, energy planners are aware

of the importance of social and territorial aspects of an energy system. This

research supports the planners to identify the available resources in the territory, accel-

erating the energy transition.

The findings of this research are included in a Decision Support Tool presented

through maps and tables that propose recommendations to regional and local energy

planners. The recommendations include interesting potential collaborations and other

kind of available resources that increase the effective implementation of energy plans.

The results are interesting both for researchers and planners. The researchers observe
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an application of the proposed analytical framework. While the regional and local planners

find recommendations on the resources and collaborations in order to drive an effective

energy planning.

The methodologies of the three chapters are replicable to other case studies and other

topics. On the one hand, the methodology to systematically analyse the scientific literature

can be replicated to other scientific topics (Chapter 1). On the other hand, the data collec-

tion for other regions would permit to replicate the methodologies of the Chapters 2 and 3.

In future, the researchers should organize a process involving regional and local plan-

ners, and the other proposed actors in order to discuss the results of this research and to

apply the recommendations proposed in the Sections 4.2 and 4.3.
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M. O. Müller, A. Stämpfli, U. Dold, T. Hammer, Energy autarky: A conceptual framework

for sustainable regional development, Energy policy 39 (2011) 5800–5810.
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J. Sathaye, Renewable energy costs, potentials, barriers: Conceptual issues, Energy

policy 38 (2010) 850–861.
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Appendices

Appendix I - Detailed results of Chapter 1

The next table includes all relevant dimensions and sub-dimensions of social territorial

system for low carbon energy systems according to the systematic literature review in-

cluded in Balest et al. (2018). The references related to the other territorial systems are

available online in Science Direct.

Dimension Sub-dimension Specific aspects References

A.1 Sub-

stance

A.1.1.Socio-

demographic

characteristic

Characteristics of population in terms of:

• Family income

• Family size

• Number of families

• Population density in a local terri-

tory

• Distribution of inhabitants in the

territory

• Variation of inhabitants in selected

year of reference

• Age structure of the population

• Gender structure of the population

• Employment

• Education

• Quality of life or household wealth

Devine-Wright (2005); Asif and Muneer

(2007); Wolsink (2007, 2010); Dalton et al.

(2008); Wolsink (2010); Osti (2010); Ribeiro

et al. (2011); Ertör-Akyazı et al. (2012); Ba-

tel et al. (2013); Sardianou and Genoudi

(2013); Liu et al. (2013); Kontogianni et al.

(2014); Stigka et al. (2014); Zarfl et al.

(2015); Kjellstrom and McMichael (2013);

Van Rijnsoever et al. (2015); Yuan et al.

(2015)

Continued at next page.
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Dimension Sub-dimension Specific aspects References

A.1.2 Cultural as-

pects

Cultural features in terms of:

• Symbolic aspects (e.g. traditions,

modes of social organizations, and

cultures)

• Affective aspects (e.g. affective

ties between individuals, groups and

socio-physical environment)

• Socially constructed aspects

• Collective identity

• Place attachment (emotional con-

nection to location)

• Landscape cultural values (e.g. at-

tachment to landscape context or

landscape quality)

• Land cultural value (e.g. historical

and cultural functions of the land)

• Environmental attitudes of the pop-

ulation

• Safety culture (e.g. attitudes and

behaviors that increase development

and implementation of safe tech-

nologies)

Devine-Wright (2005); Van der Horst (2007);

Osti (2010); Wolsink (2010,?); Devine-

Wright (2011); Musall and Kuik (2011); Cac-

ciatore et al. (2012); Ertör-Akyazı et al.

(2012); Wolsink (2012); Hall et al. (2013);

Aas et al. (2014); Cohen et al. (2014); Deli-

cado et al. (2016); Stigka et al. (2014); Bonar

et al. (2015); Carlisle et al. (2015)

A.1.3 Habitus Schemes of thought, perceptions and actions

people have in the long period using energy,

i.e.:

• Local history of renewable energy

• Habitus of resilience (or the capac-

ity to group and respond to a crisis)

• Habitus of initiative

• Habitus of collective ownership

Koh and Ghazoul (2008); Kasperson and

Ram (2013); Upham et al. (2015)

A.1.4 Preferences

and interests

People develop preferences:

• Between renewable energy and nu-

clear or other kinds of energy pro-

duction sources and technologies

• Between different energy appliances

• On local distinctiveness

• Between several local development

choices

Devine-Wright (2005); Koh and Ghazoul

(2008); Rogers et al. (2008); Osti (2010);

Devine-Wright (2011); Ertör-Akyazı et al.

(2012); Viebahn et al. (2014); Walker et al.

(2014)

Continued at next page.
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Dimension Sub-dimension Specific aspects References

A.1.5 Perceptions

and public beliefs

People develop perceptions, about:

• The distribution of risks and bene-

fits

• The level of sustainability

• The impacts of renewable energies

and single technologies

• The future of REs, developing opti-

mistic or pessimistic expectations

• The risks of climate change

• The meaning of energy security

• The possibility of power plant acci-

dents

• The advantages and disadvantages

of REs development

• Impacts of REs implementation on

local development

Devine-Wright (2005); Solomon et al. (2009);

Woodcock et al. (2009); Koh and Ghazoul

(2008); Rogers et al. (2008); Verbruggen

(2008); Savvanidou et al. (2010); Wang et al.

(2008); Verbruggen et al. (2010); Devine-

Wright (2011); Sovacool (2011); Bronfman

et al. (2012); Ertör-Akyazı et al. (2012);

Molnarova et al. (2012); Muggenburg et al.

(2012); Zhai and Williams (2012); Devine-

Wright and Batel (2013); Dutschke and

Paetz (2013); Aas et al. (2014); Secco et al.

(2014); Soma and Haggett (2015); Voigt

et al. (2015); Walker et al. (2014); Bonar

et al. (2015); Hassan et al. (2015); Yuan et al.

(2015)

A.1.6 Citizens ini-

tiatives

Citizens initiatives are expressed as:

• Environmental or other forms of ac-

tivism

• Social movements

• Technology- and product-oriented

movements

• Investments in energy saving mea-

sures or other energy interventions

• Communication through media and

other tools.

Hess (2005); Maruyama et al. (2007); Koh

and Ghazoul (2008); Zoellner et al. (2008);

Zografakis et al. (2010); Bronfman et al.

(2012); Ertör-Akyazı et al. (2012); Rogers

et al. (2012); Levidou (2013); Soderberg and

Eckerberg (2013); Soma and Haggett (2015)

A.1.7 Human capi-

tal

Human capital is considered in terms of

background information, knowledge and

awareness concerning:

• Renewable energy technologies

(RETs)

• Link between energy used and CO2

emissions

• Climate change

Walker (1995); Ekins (2004); Patlitzianas

et al. (2007); Sauter and Watson (2007);

Zoellner et al. (2008); Zografakis et al.

(2010); Dowd et al. (2011); Heras-

Saizarbitoria et al. (2011); Ertör-Akyazı

et al. (2012); Sovacool and Ratan (2012);

Moula et al. (2013); Abdilahi et al. (2014);

Cohen et al. (2014); Stigka et al. (2014);

Hammami et al. (2016)

A.1.8 Commitment Commitment is investigated considering

• Object of the commitments of sev-

eral actors

• Expressed commitments

• Public discussions

• Public debate in the media

• Shared visions of local actors

• Correspondence of activities with

group and individual commitments

Zoellner et al. (2008); Agterbosch et al.

(2009); Osti (2010); Heras-Saizarbitoria

et al. (2011); Petrella (2012); Maltsoglou

et al. (2013); Muench and Thuss (2014); Van

Der Schoor and Scholtens (2015)

Continued at next page.
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Dimension Sub-dimension Specific aspects References

A.2 Proce-

dure

A.2.1 Institutional

and socio-political

context

The institutional and socio-political context

is characterized by:

• Type of decision-making process,

i.e. representativeness inter-sectoral

process, transparency, time and cost

consuming

• Public policy framework

• Democratic deficit of the planning

system

• Procedural justice

• Top-down or bottom up planning

Agterbosch et al. (2009); Wolsink (2010);

Bonte et al. (2011); Müller et al. (2011);

Battaglini et al. (2012); Beria et al. (2012);

Sovacool and Ratan (2012); Hall et al.

(2013); Aas et al. (2014); Muench and Thuss

(2014); Hassan et al. (2015)

A.2.2 Participation Participation permits people and stakehold-

ers to be involved in the technological or

change process. The participative mecha-

nisms and processes are investigated consid-

ering:

• Level of participation

• Goals of participation

• Timeline and accuracy of informa-

tion

• Involved actors

• Cooperation mechanisms

• Current and past community owner-

ship or engagement

• Legitimacy of participative mecha-

nisms and processes

• Ability of voice to be heard, ad-

equate information, being treated

with respect, and unbiased decision-

making

• Engagement of the interests of local

community

• Consideration of “local sentiments”

• Expectations of actors

Ekins (2004); Hvelplund (2006); Wüsten-

hagen et al. (2007); Zoellner et al. (2008);

Agterbosch et al. (2009); Oikonomou et al.

(2009); Müller et al. (2011); Musall and Kuik

(2011); Ribeiro et al. (2011); Ertör-Akyazı

et al. (2012); Sovacool and Ratan (2012);

Kasperson and Ram (2013); Liu et al. (2013);

Miller et al. (2013); Aas et al. (2014); Cohen

et al. (2014); Bonar et al. (2015); Longstaff

et al. (2015)

Continued at next page.
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Dimension Sub-dimension Specific aspects References

A.3 Rela-

tionship

A.3.1 Habitus People also develop habitus in terms of re-

lationships with others. Consequently, the

existence of a systematic network for public

issues and energy topics is important. These

habitus-networks are analyzed in terms of in-

volved actors, and network characteristics.

Three kinds of relationship are interesting:

• one influences the individual choice

for individual energy appliances and

plants

• one influences the individual choice

to participate or be involved in

a common experience (cooperative,

district heating),

• one influences the implementation

of common plants.

However, not all relationships are habitus.

Agterbosch et al. (2009); Walker et al.

(2010); Ribeiro et al. (2011); Bronfman et al.

(2012); Ertör-Akyazı et al. (2012); Aas et al.

(2014); Stigka et al. (2014); Bonar et al.

(2015); Upham et al. (2015)

A.3.2 Source of the

relationship

Relationships can be described as bridges be-

tween actors that permit the exchange of

several resources, i.e. information or discus-

sions with the aim to make decisions.

Späth and Rohracher (2010); Müller et al.

(2011); Shamsuzzoha et al. (2012); Aas et al.

(2014); Kontogianni et al. (2014)

A.3.3 Actors in the

relationship

Variety of actors, relationships between dif-

ferent levels of actors (citizens, stakeholders,

decision-makers).

Agterbosch et al. (2009); Upham et al.

(2015)

A.3.4 Characteris-

tics of the relation-

ship

The characteristics of the relationships are

related to:

• Trust between actors

• Trust in authorities

• Informal contacts

• Coordination mechanisms

• Cooperation versus competition

links

• Shortness of the communication

links

• Transparency of relationships

• Social capital

• Density of relationships

Upham and Shackley (2006); Agterbosch

et al. (2009); Michalena and Angeon (2009);

Ribeiro et al. (2011); Bronfman et al. (2012);

Ertör-Akyazı et al. (2012); Aas et al. (2014);

Stigka et al. (2014); Bonar et al. (2015);

Hammami et al. (2016)

A.3.5 Object of the

relationship

It is possible create a guiding vision and,

consequently, the network based on this vi-

sion. The vision aims to promote a territory

with precise characteristics.

Späth and Rohracher (2010); German En-

ergiewende: History and status quo (2015)

Table 5.5: Dimensions and sub-dimensions of the territorial social system that can influence local population actions

or reactions to energy transition. Source: On line attachment to Balest et al. (2018).
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Appendix II - Data sources for Chapters 2 and 3

Data collection has been one of the most challenging aspects of this thesis. This thesis

already underlines the main data collection problems and this attachment reports the data

sources.

Data Year Source

Number and age of inhabitants 2016 ISTAT - National Institute of Statistics

Number of household components (average) 2016 ISTAT - National Institute of Statistics

Citizenship and migrations 2016 ISTAT - National Institute of Statistics

Number of pupils in kindergartens and students in primary,

secondary, and higher schools

2016 MIUR - Minister of Education, University, and Re-

search

Number of books in local libraries 2016 MIUR - Minister of Education, University, and Re-

search

Number of cars 2016 MIT - Minister of Infrastructures and Transports

Income 2016 MEF - Minister of Economics and Finance

Enterprises 2016 Local chamber of commerce - Bolzano

Tourists overnight 2016 Local chamber of commerce - Bolzano

Urban and differentiated waste ISPRA

Votes in election 2013 Italian Government

Associations 2018 Rete Civica

Surface and elevation 2016 ISTAT - National Institute of Statistics

Natural park surface 2017 Autonomous Province of Bolzano

Highway, streets, and railway surfaces 2016 CORINE Land cover and own elaboration

Surface of solar thermal plants 2016 Autonomous Province of Bolzano - Energy Saving

Office and gse

Power of geothermal plants 2016 Autonomous Province of Bolzano - Energy Saving

Office

Power of biogas plants 2016 Autonomous Province of Bolzano - Energy Saving

Office

District heatings 2016 Autonomous Province of Bolzano - Energy Saving

Office

PV power 2014 gse

Avalanche and flooding phenomena 2018 Autonomous Province of Bolzano

Contracts between municipalities and public utilities 2016 MEF - Ministry of Economics and Finance

Geomorphological valley and closeness 2016 Ancitel open data: own elaboration

Urban, agriculture, and forest land cover 2016 CORINE Land Cover, Ancitel open data: own elab-

oration

Solar radiation 2016 PVGIS: own elaboration

Table 5.6: Data description and sources used in this research.
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