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RESUMEN DEL PROYECTO 

Las comunidades energéticas han surgido como entidades novedosas e influyentes. Sin 

embargo, en la literatura existente, el análisis del marco regulatorio y los incentivos en el 

Reino Unido, California, Queensland y España para conocer los procedimientos óptimos a 

seguir, es algo que nunca se ha estudiado. Por esta razón, este proyecto sugiere analizar 

primero el sector energético en cada uno de estos lugares y seguidamente adentrarse en el 

tema de mayor interés, la energía comunitaria. El siguiente documento se divide en tres 

secciones principales, siendo el objetivo de la primera sección contextualizar la situación 

actual del sector energético en las cuatro regiones elegidas para el estudio. Las dos siguientes 

secciones se centran exclusivamente en el marco y los incentivos que conciernen a la energía 

comunitaria en los mismos lugares. En un mundo en el que la transición energética de los 

recursos tradicionales a los renovables es una realidad, la energía comunitaria se presenta 

como una solución viable que aún necesita consolidarse. Para elaborar este documento, se 

ha examinado exhaustivamente el estado del arte relacionado con el tema con el fin de 

analizar todos los aspectos relevantes de mayor interés para la cuestión. En base a todo lo 

anterior, se puede concluir que una regulación más estable es necesaria para hacer de las 

comunidades energéticas una realidad más atractiva para el inversor. Una comunidad 

energética ayuda en la transición energética y convierte al consumidor en partícipe. 
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ABSTRACT  

Community energy initiatives have emerged as novel and influential entities. Nevertheless, 

in the existing literature the analysis of the regulatory framework and the incentives in the 

United Kingdom, California, Queensland and Spain to understand the best procedures to 

follow, is something that has never been studied. This is why this project suggests analyzing 

firstly the energy sector in each of these places and then diving into the relevant matter, 

community energy. The following paper is divided in three main sections, the first section´s 

aim being to contextualize the actual situation of the energy sector in the 4 regions chosen 

to study. The next two solely focus on the framework and the incentives that regard 

community energy in the same places. In a world where the energy transition from the 

traditional resources to renewable ones, community energy is a viable solution that still need 

to be settled. In order to compose this document, the state of the art related to the subject has 

been thoroughly examined so as to gather every relevant aspect of interest to the matter. 

Drawing upon all the preceding, it can be concluded that to make energy communities an 

attractive initiative a more stable and reliable regulation is needed. 

Keywords: Community energy, Renewable energy, PESTLE, United Kingdom, California, 

Queensland, Spain. 



                                                 UNIVERSIDAD PONTIFICIA COMILLAS 

                                                                ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 

                                                              GRADO EN INGENIERÍA EN TECNOLOGÍAS INDUSTRIALES 

 
TABLE OF CONTENTS 

 

IX 

 

LIST OF ABBREVIATIONS 

AB Assembly Bill 

ABS Australian Bureau of Statistics 

ACCC Australian Competition and Consumer Commission 

ACES Advancing Clean Energy Schools 

AEMC Australian Energy Market Commission 

AEMO Australian Energy Market Operator 

AER Australian Energy Regulator 

ARENA Australian Renewable Energy Agency 

BEIS Department for Business Energy and Industrial Strategy 

BG British Gas 

BGGS British Gas Green Street 

BOE Official State Gazette 

BP British Petroleum 

CAISO California Independent System Operator 

CCC Committee on Climate Change 

CCS Carbon Capture and Storage 

CE Community Energy 

CEC California Energy Commission 

CER Clean Energy Regulator 

CIS Centre for Sociological Research 

CNMC Comisión Nacional de los Mercados y la Competencia 

COP Conference of the Parties 

COVID Coronavirus Diseases 

CPUC California Public Utilities Commission  

CSIRO Commonwealth Scientific and Industrial Research Organization 

CSP Concentrated Solar Power 

DOE Department of Energy 

EED Energy Efficiency Directive 

EIA Energy Information Administration 

EIS Enterprise Investment Scheme 

EPA Energy Policy Act 



                                                 UNIVERSIDAD PONTIFICIA COMILLAS 

                                                                ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 

                                                              GRADO EN INGENIERÍA EN TECNOLOGÍAS INDUSTRIALES 

 
TABLE OF CONTENTS 

 

X 

 

ERF Emissions Reduction Fund 

ETS Emission Trading Scheme 

EU European Union 

FIT Feed-in Tariff 

GDP Gross Domestic Product 

GHG Greenhouse Gas 

GW Gigawatts 

ICAI Catholic Institute of Arts and Industry 

IDAE Institute for Diversification and Saving of Energy 

IEA International Energy Agency 

IEM Internal Energy Market 

INE National Statistics Institute 

IPCC Intergovernmental Panel on Climate Change 

IRA Inflation Reduction Act 

IRENA International Renewable Energy Agency 

ISO Independent System Operator 

IRPF Personal Income Tax 

ITC Investment Tax Credit 

IWG Interagency Working Group 

LCCC Low Carbon Contract Company 

LRET Large-scale Renewable Energy Target 

MW Megawatts 

NBT Net Billing Tariff 

NDC Nationally Determined Contribution 

NEM Net Energy Metering 

NER National Electricity Rules 

NIC National Infrastructure Commission 

NREL National Renewable Energy Laboratory 

PERTE Strategic Projects for Economic Recovery and Transformation  

PESTLE Political Economical Sociocultural Technological Legal Environmental 

PNIEC Integrated National Energy and Climate Plan 

PRTR Recovery, Transformation and Resilience Plan 

PUC Public Utilities Commission 

PV Photovoltaic 



                                                 UNIVERSIDAD PONTIFICIA COMILLAS 

                                                                ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 

                                                              GRADO EN INGENIERÍA EN TECNOLOGÍAS INDUSTRIALES 

 
TABLE OF CONTENTS 

 

XI 

 

PVSC Photovoltaic Specialists Conference 

RD Royal Decree 

REE Red Eléctrica Española 

RED Renewable Energy Directive 

ReMAT Renewable Market Adjusting Tariff 

RET Renewable Energy Target 

RPS Renewable Portfolio Standard 

SB Senate Bill 

SITR Social Investment Tax Relief 

SPAR-4-SLR Scientific Procedures and Rationales for Systematic Literature Reviews 

STC Small-scale Technology Certificate 

TW Terawatts 

UK United Kingdom 

UN United Nations 

UNFCCC United Nations Framework Convention on Climate Change 

US United States 

USA United States of America 

VAT Value Added Tax 

 



                                                 UNIVERSIDAD PONTIFICIA COMILLAS 

                                                                ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 

                                                              GRADO EN INGENIERÍA EN TECNOLOGÍAS INDUSTRIALES 

 
TABLE OF CONTENTS 

 

XII 

 

TABLE OF CONTENTS 

List of abbreviations ........................................................................................................... IX 

Table of contents ................................................................................................................XII 

Figures Index ...................................................................................................................... 15 

Tables Index ........................................................................................................................ 16 

Chapter 1: Introduction ...................................................................................................... 17 

1.1 Project Motivation ................................................................................................................. 18 

1.2 Objectives .............................................................................................................................. 20 

Chapter 2: Methodology ..................................................................................................... 21 

2.1 Analysis of the Situation ........................................................................................................ 21 

2.2 Regulation and Incentives Analysis of the Community Energy ............................................ 24 

Chapter 3: Analysis of the situation ................................................................................... 26 

3.1 Spain ...................................................................................................................................... 26 

3.1.1 Political ...................................................................................................................... 26 

3.1.2 Economical ................................................................................................................. 29 

3.1.3 Sociocultural .............................................................................................................. 31 

3.1.4 Technological ............................................................................................................. 32 

3.1.5 Legal ........................................................................................................................... 33 

3.1.6 Environmental ............................................................................................................ 35 

3.2 United Kingdom .................................................................................................................. 36 

3.2.1 Political ...................................................................................................................... 36 

3.2.2 Economical ................................................................................................................. 39 

3.2.3 Sociocultural .............................................................................................................. 41 

3.2.4 Technological ............................................................................................................. 42 

3.2.5 Legal ........................................................................................................................... 46 

3.2.6 Environmental ............................................................................................................ 47 



                                                 UNIVERSIDAD PONTIFICIA COMILLAS 

                                                                ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 

                                                              GRADO EN INGENIERÍA EN TECNOLOGÍAS INDUSTRIALES 

 
TABLE OF CONTENTS 

 

XIII 

 

3.3 California ............................................................................................................................. 48 

3.3.1 Political ...................................................................................................................... 49 

3.3.2 Economical ................................................................................................................. 51 

3.3.3 Sociocultural .............................................................................................................. 53 

3.3.4 Technological ............................................................................................................. 55 

3.3.5 Legal ........................................................................................................................... 57 

3.3.6 Environmental ............................................................................................................ 58 

3.4 Queensland .......................................................................................................................... 60 

3.4.1 Political ...................................................................................................................... 60 

3.4.2 Economical ................................................................................................................. 62 

3.4.3 Sociocultural .............................................................................................................. 65 

3.4.4 Technological ............................................................................................................. 65 

3.4.5 Legal ........................................................................................................................... 69 

3.4.6 Environmental ............................................................................................................ 70 

3.5 Comparative analysis .......................................................................................................... 72 

3.5.1 Political ...................................................................................................................... 72 

3.5.2 Economical ................................................................................................................. 73 

3.5.3 Sociocultural .............................................................................................................. 74 

3.5.4 Technological ............................................................................................................. 75 

3.5.5 Legal ........................................................................................................................... 77 

3.5.6 Environmental ............................................................................................................ 78 

Chapter 4: Regulation and incentives of the energy communities ................................... 81 

4.1 Energy communities’ framework ........................................................................................ 81 

4.1.1 Regulation .................................................................................................................. 81 

4.1.2 Regulator .................................................................................................................... 84 

4.1.3 Cooperatives ............................................................................................................... 86 

4.1.4 Number of CE ............................................................................................................. 88 

4.1.5 Generation and distribution ....................................................................................... 89 

4.1.6 Maximum installed capacity ....................................................................................... 91 

4.1.7 Guide on self-consumption ......................................................................................... 93 

4.2 Energy communities' incentives .......................................................................................... 94 

4.2.1 Legal Advantages ....................................................................................................... 95 



                                                 UNIVERSIDAD PONTIFICIA COMILLAS 

                                                                ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 

                                                              GRADO EN INGENIERÍA EN TECNOLOGÍAS INDUSTRIALES 

 
TABLE OF CONTENTS 

 

XIV 

 

4.2.1.1 Government schemes .............................................................................................. 95 

4.2.1.2 Energy surplus exported to the grid ............................................................................ 99 

4.2.2 Tax Advantages ........................................................................................................ 101 

4.2.2.1 Feed-in Tariff............................................................................................................. 101 

4.2.2.2 Other tax incentives or tax reliefs .............................................................................. 103 

4.2.3 Socio-Economic advantages ..................................................................................... 105 

Chapter 5: Discussion ...................................................................................................... 107 

5.1 Lack of definition of the term “Community Energy” .......................................................... 107 

5.2 CE legal framework ............................................................................................................. 108 

5.3 Guide on self-consumption .................................................................................................. 108 

5.4 Number of CE projects ........................................................................................................ 109 

5.5 Government funding ............................................................................................................ 109 

5.6 Surplus of energy exported to the grid ................................................................................. 110 

5.7 Renewable resources ............................................................................................................ 110 

Chapter 6: Conclusion ...................................................................................................... 113 

References 117 

Anexo I 136 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

15 

 

FIGURES INDEX 

Figure 1: Total final consumption by source (%) from 1990-2020 [66]. ............................ 44 

Figure 2: Decrease in price of solar energy and the increase in solar installation [94]. ...... 53 

Figure 3: Primary energy consumption in the United States [116]. .................................... 59 

Figure 4: Major exporters of coal in the world, from 1980-2020 [129]. ............................. 63 

Figure 5: Total final consumption in Australia, from 2000-2021 [140]. ............................. 66 

Figure 6: Renewable energy in total final energy consumption in Australia, from 2000-2021 

[140]. ................................................................................................................................... 67 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

16 

 

TABLES INDEX 

Table 1:Paris International treaty. ....................................................................................... 73 

Table 2: Renewable energy generation target for 2030. ...................................................... 73 

Table 3: Population in millions. .......................................................................................... 75 

Table 4: Renewable energy generation. .............................................................................. 76 

Table 5: Renewable energy generation per capita. .............................................................. 77 

Table 6: Percentage of Renewable energy in the energy mix. ............................................ 77 

Table 7: Main regulation of the energy sector ..................................................................... 78 

Table 8: Renewable energy consumption of the total final energy consumption in %. ...... 79 

Table 9: Most consumed sources in total energy consumption in percentage. ................... 79 

Table 10: Main regulation. .................................................................................................. 84 

Table 11: Energy regulators. ............................................................................................... 86 

Table 12: Examples of CE cooperatives.............................................................................. 88 

Table 13: Number of CE. .................................................................................................... 89 

Table 14: Generation and distribution of a CE. ................................................................... 91 

Table 15: Maximum installed capacity of a CE. ................................................................. 92 

Table 16: Guide on self-consumption. ................................................................................ 94 

Table 17: Type of government schemes and their funding. ................................................ 99 

Table 18: Surplus generation compensation. ..................................................................... 101 

Table 19: Tariffs for a CE.................................................................................................. 103 

Table 20: Tax deductions for the implementation of CE projects. .................................... 105 

Table 21: Summary of tax advantages .............................................................................. 105 

 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

17 

 

CHAPTER 1: INTRODUCTION 

The aim of this final thesis is to study, analyze and compare the situation of community 

energy in Spain, the United Kingdom, California (United States), and Queensland 

(Australia). These regions were chosen to study is that they have all been heavily promoting 

renewable energy, as the alternative to fossil fuels and they have good conditions for 

exploiting renewable resources. Another reason is that they belong to different continents, 

except for Spain and the United Kingdom, but the latter one is not a part of the European 

Union, meaning that the regulations and incentives may vary. 

The project starts by analyzing the actual framework of the energy sector in each of the 

places stated above. For this a PESTLE analysis has been followed, with the objective of 

covering every relevant topic, with the political, economic, sociocultural, technological, 

legal and environmental aspects explored. 

Issues such as the generation and consumption of renewable energy in each region are 

discussed in the proper segments of the project. With the objective of comparison, the 

number of inhabitants is also one of the matters that has been researched, as well as whether 

or not the country belongs to those that have signed the Paris Treaty. With this the objectives 

set in each place for 2050 are also presented. Moreover, the most exploited natural resources 

due to the characteristics of the climate and geographies, as well as the technologies to do 

so, are other topics taken into account and explained in this section. 

Once the contextual framework has been established, the study digs deeper into the subject 

of community energy. To do this, firstly, the regulations governing this figure in each of the 

places previously mentioned are analyzed. Based on this analysis, the legal framework that 
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regulates them are described. Finally, the evaluation of the functioning of the renewable 

energy communities in each country allow us to conclude which methods are best to apply 

in order to promote their development in our country. In this chapter the aim is to best 

describe the general meaning of community energy (CE) and get rid of the uncertainty of its 

regulations in the four different regions used as example. 

Similarly, the incentives provided by each country regarding energy communities are 

described. These incentives include those implemented through the government or 

associations that promote the consumption of local renewable energy. These incentives are 

classified into different categories in order to get the main picture that defines them. Finally, 

a comparison is made between the legal framework and the existing incentives in the UK, 

California and Queensland and those in force in Spain.  

1.1 PROJECT MOTIVATION 

The development of energy communities is progressing worldwide, particularly in Europe. 

In Europe alone, with over 1 900 energy community projects, renewable energies seem to 

be the preferred solution for the majority of countries. Spain is not lag behind in such a 

crucial field like energy [1]. The main motivation for studying energy communities is that 

in Spain is less developed, compared to other countries in the EU, there is much to explore 

and contribute value to. 

Furthermore, there are increasing legal restrictions on traditional forms of energy, 

encouraging traditional energy companies to adapt their business models by reducing the use 

of polluting energies [2]. This global paradigm shift, driven by growing environmental 

concerns, is driving the search for alternative solutions. This concern is reflected in the 

efforts made by the international body IPCC in terms of climate change mitigation, as seen 
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in the AR6 report [3]. The current trend in energy consumption is slower than in previous 

history, and it is worth noting that energy intensity has decreased by around 2% in the United 

States and the European Union, this might be due to the Covid-19 pandemic when transport, 

one of the most consuming sectors, decreased. However, energy remains a fundamental and 

a vital necessity [4]. To meet this basic need, renewable energies are increasing its 

importance as an alternative that allows the abandonment of other, less clean forms of 

energy. 

On the other hand, the profitability of an energy community can be significant. This 

profitability continues to increase in the current global context, where situations like the war 

in Ukraine or other unforeseeable and uncontrollable circumstances result in an increase in 

energy prices in global markets [2]. Therefore, it is particularly interesting to be able to self-

supply without depending on third-party suppliers, obtaining energy in a cheap and clean 

manner, without worrying about fluctuations in international prices of the electricity. 

Governments and other public entities, aware of the benefits generated by energy 

communities, have approved numerous incentives that will be studied in more detail in this 

work. These incentives aim to encourage the population to follow the path of renewable 

energy and self-consumption, guiding us towards a better and more sustainable world. As 

mentioned before, energy is a basic necessity, and renewables are the chosen path. 

In conclusion, the establishment of energy communities, their regulation, and incentives are 

topics that still have many gaps, making it particularly necessary to understand their impacts 

in order to promote them in Spain. 
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1.2 OBJECTIVES 

The project aims to explore and compare the legislative frameworks and incentives related 

to community energy initiatives in four different regions, Spain, the United Kingdom, 

Queensland and California. Additionally, it seeks to propose a theoretical framework to 

guide on the implementation of energy communities’ projects. 

To describe the legislative framework related to CE in the previous paragraph and compare 

them is the first objective of the document. The legal framework refers to the laws, 

regulations and policies governing the operation and implementation of energy 

communities. By examining this aspect, the aim is to gain insight into the legal aspects and 

requirements that shape these initiatives. 

The second objective is to study and classify the incentives designed for community energy 

in the four regions mentioned. Incentives play a crucial role in encouraging the growth and 

success of energy communities. The target is to identify the carious mechanisms used to 

promote and support these types of projects by understanding and categorizing the incentives 

offered. 

The third objective of this study is to compare and evaluate the methods used to regulate and 

incentivize energy communities. With this the aim is to find the similarities and differences 

in each place to understand which are the most important measures to take in order to 

promote the initiative. Identifying the best practices and potential areas for improvement in 

the regulation and ways to incentivize them. 
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CHAPTER 2: METHODOLOGY  

This section presents the methodology that will be applied in the rest of the study. 

2.1 ANALYSIS OF THE SITUATION 

The PESTLE analysis enables to gain insight of the factors that could affect an industry, it 

provides a valuable framework for understanding the outside environment. A PESTLE 

analysis helps situate the context of the project and give a broader and structured approach 

to the topic. The PESTLE study is a descriptive tool used to learn more about a business 

environment. A PESTLE analysis can be used to evaluate a country's operations regarding a 

specific sector in order to determine its outlook, potential for growth, and strategic focus by 

breaking down the analysis by the most relevant aspects [5]. In the case of this project, the 

energy sector of Spain, the United Kingdom, California and Queensland were evaluated 

studying their political, economic, sociocultural, technological, legal and environmental 

aspects, one by one in the order written above. For this chapter the information was found 

in Official State Gazettes and the governments’ pages, international organisms or in relevant 

and reliable newspaper, and then proven by academic articles.  

The steps followed to compose this analysis are the following. 

1. The first step was to develop a template of the most important concepts of each aspect 

(political, economic, sociocultural, technological, legal and environmental) that 

needed to be part of the study. This was a list of key words for each of the aspects 

mentioned that had to be covered.  
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2. The objective is to explain each of these concepts and find information about them 

for every region of relevance, so that in general each subsection of the PESTLE 

contained similar topics.  

3. After the template was laid out, the process started by researching those specific 

concepts for every subsection and in a particular order. It started with Spain, followed 

by the United Kingdom, then California and lastly Queensland. This approach was 

adopted because the research process was more concise and clearer if every region 

was completely finished. This means the six subsections covered and all the concepts 

that were selected as important closed before moving on to a different region. 

4. Now, the concepts found of higher relevance in each subsection will be mentioned. 

The process followed in this document was in order of appearance, first the political section 

was covered, then the economical, followed by the sociocultural, the technological, the legal 

and the environmental section. 

1. Political: presents the willingness of these four regions to achieve net zero carbon 

emissions by 2050 and to increase the share of renewable energy in the power mix. 

The most relevant initiatives promoted by the government are laid out in the political 

section as well. What is relevant for the political section is the following: government 

initiatives, government goals, government policies and relevant events (in our case, 

the Paris Agreement for example). 

2. Economic: analyzes the importance of the reduction of prices for the renewable 

energy sources is discussed, together with how this is helping further advance the 

deployment of these sources. The employment is also relevant to this section; the 

progress of clean energy sources can generate jobs even though the fossil fuels sector 

is losing employees, so the energy sector would not reduce its workforce. In this 
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section it would be important to cover the following principal economic aspects: 

fluctuation in prices, liberalization of the energy market and employment. 

3. Sociocultural: presents the population of the region and its forecast. Research on the 

inhabitants’ awareness towards climate change has been done for this section, to 

compare the concern regarding this matter now and a few years back. This part of 

the paper should include: the population of the region, the projection of the 

population and the concern of the use of renewables and climate change. 

4. Technological: discusses the new technological advancements developed that 

influence the energy sector. Data is collected about each place’s energy generation 

and consumption, the sectors that consume most and which are the sources that are 

most consumed. A review of the renewable sources and the technologies that help 

their promotion is also mentioned in this part of the project. It would be interesting 

to address the following in the technological section: energy consumption by sector, 

type of electricity generation (nuclear, coal, renewables…), technological advances, 

for instance smart meters, microgrids or development of energy storage technology. 

5. Legal: presents the most important legal entities regarding the energy sector, together 

with the laws that were considered the significant regulations and laws for this 

specific project. In the legal section what should be included is the following: 

structure of the regulation of the energy sector, important entities and organisms for 

the regulation and laws that concern the sector. 

6. Environmental: shows the most essential renewable sources that can be exploited 

in each of the jurisdictions studied, their relevant geographical characteristics and the 

share of renewable energy consumed. In this last section it is relevant to include: 

percentage of energy that comes from fossil fuels, percentage of energy generated 

from renewable sources and which are the most abundant natural resources in the 

region. 
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After the research was completed and the context of the actual situation was presented, in 

order to get a more visual and compact understanding of the information gathered, a 

comparative section is presented. In this section the data was organized and summarized by 

the six sections explained above, political, economic, social, technological, legal and 

environmental, comparing the similarities and differences of each region. This way the 

reader can obtain a more synthesized analysis of the knowledge collected. 

2.2 REGULATION AND INCENTIVES ANALYSIS OF THE COMMUNITY 

ENERGY 

In order to gather the academic articles used during this research the method of Scientific 

Procedures and Rationales for Systematic Literature Reviews (SPAR-4-SLR) was 

implemented. This encompasses both a research methodology and an output of scholarly 

articles of interest [6]. As a methodology this process involves a systematic gathering, 

organizing and evaluating of existing literature within a specific domain [6]. The search was 

done the 5th of February, 2023 and the result of this rigorous method is a list of academic 

articles gathered from the Scopus database. 

To apply this methodology, the next steps have been followed: 

1. A search was done with the in the Scopus database using the following search query 

(part between guillemets) « ( “energy community” OR “energy cooperative” OR 

“energy communities” OR “energy co-op” OR “energy cooperatives” OR “energy 

co-ops”  ) AND ( “California” OR “United Kingdom” OR “Queensland” OR 

“England” OR Scotland” OR “Wales” OR “Ireland” ) AND ( “feed-in-tariff” OR 

“feed-in-tariffs” OR “state aid” OR “state aids” OR “grants” OR “grant” OR 
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“incentive” OR “incentives” OR “loan OR “loans” OR “subsidy” OR “subsidies” 

) ».  

2. The arranging stage, regarding the organizational aspect it depends on using the 

filters and categorization features provided by Scopus to sort and structure the 

documents [7]. The documents collected from the search were organized. From that 

search a number of articles was extracted. 

3. The next stage is the purification stage, this study only collected specific documents 

[7]. Those that were academic articles were kept and those that were published before 

2015 were eliminated. After a thorough and detailed examination some articles were 

eliminated for the progress of the project, some because they were irrelevant (after 

having read the abstract), others because they were too old or outdated. A total of 57 

articles were left and considered to gather the most relevant data for the study and 

research. 

With help from the articles that were kept the regulation of CE’s was explained and divided 

into different sections in order to compare the different places studied progressively. 

Similarly, the incentives are presented in this same chapter after the comprehensive review, 

clustering the initiatives that the different places have in common or those that are alike so 

to compare them after. 

2.3 DISCUSSION 

To finalize, the discussion section is where the results from the previous chapters are 

analyzed and interpreted. Highlighting significant patterns that the different regions of 

interest follow. The author reflects on the information gained throughout the process. 
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CHAPTER 3: ANALYSIS OF THE SITUATION 

This section offers a thorough examination of the state of the energy sector in the four 

different places of interest: Spain, the UK, California and Queensland. These areas were 

chosen because of their distinctive qualities, varied energy environments and significant 

contributions to the global energy transition. This chapter will thoroughly examine each of 

these regions’ policy and regulatory framework, existing energy mix, consumption trends, 

deployment of renewable energy and governments’ major initiatives. For this the method 

implemented was the PESTLE analysis, dividing the energy sector into its political, 

economic, sociocultural, technological, legal and environmental aspects in order to touch 

every part considered relevant to the subject. 

3.1 SPAIN 

In this subsection the PESTLE analysis of the Spanish country regarding the energy sector 

is covered. The study of its most relevant aspects concerning the energy industry are 

presented. 

3.1.1 POLITICAL 

Spain is a member of the European Union (EU) and is subject to EU laws and regulations 

related to the energy sector. These laws include the Renewable Energy Directive (RED) 

being its current target to reach at least a 32% increase in renewable energy by 2030 [8]. 

Another law imposed by the EU is the Directive of Energy Efficiency (EED), this directive 

aims to improve energy efficiency in the EU by setting binding targets for energy savings 

and requiring member states to develop energy efficiency plans, as energy savings are the 
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easiest way of reducing greenhouse emissions, which is one of the main targets of the EU in 

order to stop global warming [9]. Although there are many more regulations governing the 

energy industry in the EU, these are the ones that are most pertinent to the discussion of 

energy communities (EC). The "Clean Energy for Europeans" package was adopted in 2018 

and included the RED and the EED [10] [9]. The policy framework of this package is 

intended to ease the switch from traditional energy sources to cleaner ones, with a special 

emphasis on meeting the EU's pledges to reduce greenhouse gas emissions under the Paris 

Agreement. Consumers, the environment, and the economy will all benefit significantly 

from the new legislation' adoption. By enacting these measures at the EU level, the 

legislation strengthens the EU's position as a global leader in combating climate change [11]. 

Regarding the Paris Agreement on climate change, the long-term goal is to reduce global 

greenhouse emissions, limiting the temperature rise to 2 degrees Celsius above pre-industrial 

levels while pursuing efforts to restrict the increase to 1.5 degrees [12]. In December 2015, 

the Paris Agreement was approved by the Parties to the United Nations Framework 

Convention on Climate Change (UNFCCC). It is a legally binding international treaty that 

has been endorsed by 197 countries and came into effect in November 2016. It is considered 

to be the first international climate change agreement of its kind and strives to lead the world 

toward achieving a level of greenhouse gas emissions that would prevent dangerous climate 

change [13]. Under the Paris Agreement, each country sets its own nationally determined 

contributions (NDC), and the parties convene every five years to evaluate the progress 

towards meeting their targets [14]. 

Continuing with Europe’s thrive to be the first climate-neutral continent, the EU also 

developed the Green Deal plan, in order to achieve net zero emissions by 2050, in line with 

the Paris Agreement goals [15]. There is an substantial amount of money destined to execute 

the Green Deal plan, a third of the investments from the Next Generation EU Recovery Plan 
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as well as the EU's seven-year budget, will be allocated towards funding this plan [16]. With 

respect to the European funds towards renewable energy and its encouragement, in 

September 2020, the European Commission established the EU renewable energy financing 

mechanism. Its aim is to enable greater collaboration among EU countries in promoting and 

adopting renewable energy sources, which will help them meet both individual and 

collective renewable energy goals. Furthermore, the mechanism will advance renewable 

projects aligned with the European Green Deal [17]. With this mechanism, the 

implementation of renewables throughout the EU can be carried out in a more cost-effective 

manner, particularly in regions that have greater access to natural resources or are more 

geographically suited for such projects [17]. The main idea is the collective approach, the 

mechanism establishes a connection between countries that voluntarily provide financial 

contributions (known as contributing countries) and those that agree to allow new renewable 

energy projects to be constructed on their territory (hosting countries). Nonetheless, unlike 

other EU cooperation mechanisms, there is no direct link or negotiation between the 

contributing and hosting countries [18]. 

The European climate law legally obligates the achievement of the EU's climate objective 

of reducing emissions by a minimum of 55% by 2030. In order to do so the EU developed 

the “Fit for 55” package which is a collection of proposals that seek to update and revise 

existing EU legislation and introduce new initiatives, with the intention of aligning EU 

policies with the climate targets established by the Council and the European Parliament. 

The package aims to establish a comprehensive and equitable framework that will facilitate 

the attainment of the EU's climate goals [19].  

The Spanish government offers a number of subsidies for renewable energy systems, for the 

installation of renewable energy systems, such as solar panels or wind turbines, which can 

be used by energy communities to generate their own electricity [20]. At the same time the 
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National Integrated Energy and Climate Plan (PNIEC) for the years 2021-2030 aims to 

significantly raise the level of renewable energy adoption in Spain, such that by 2030, 

renewables will account for 74% of electricity generation and 42% of final energy 

consumption. The primary objective of this plan is to increase the proportion of renewable 

energy in the final energy consumption, while taking advantage of the social and economic 

benefits that come with the renewable energy expansion. Given Spain's available resources, 

the country is well-positioned to tackle the necessary decarbonisation of its energy system 

and take advantage of the opportunity for sustainable economic growth and employment, 

with significant social and economic gains for local and vulnerable consumers through the 

promotion of renewable energy [21].  This ambitious goals for the country's energy 

transition, go along with the EU’s plans to reach carbon neutrality by 2050. 

3.1.2 ECONOMICAL 

A report by the International Renewable Energy Agency (IRENA) highlights the crucial role 

of cost-competitive renewable energy sources in tackling the current energy and climate 

crises by accelerating the transition towards the goals set in the Paris Agreement. Solar and 

wind energy, are essential in countries' efforts to quickly reduce and ultimately eliminate the 

use of fossil fuels on the road to achieving net-zero emissions [22]. According to IRENA, 

renewables are the most affordable source of energy today, and the economic viability of 

new renewable energy generation is evident [22]. Investing in renewables not only frees 

economies from the unpredictability of fossil fuel prices and imports, but also reduces energy 

costs and increases market resilience, particularly in the current energy crisis [22]. 

IRENA’s recent report found that Spain has some of the lowest costs for solar and wind 

power in Europe [23]. It shows the trend in weighted-average total installed cost of onshore 

wind projects in Spain, which saw a decrease of 65% between 2010 and 2020. In regards to 
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the levelized cost of electricity for utility-scale solar PV, it declined in Spain by 85% in the 

decade [23]. Renewable energy projects such as solar and wind are now becoming more 

cost-effective [23]. 

The COVID-19 pandemic in 2020 led to a decline in the demand for electricity, which, 

combined with the increased use of renewable energy and a decrease in gas prices, resulted 

in a significant drop in wholesale electricity prices [24]. Between 2017 and 2019, the 

increase in retail prices was primarily caused by a rise in the energy component. In recent 

years, the cost of renewable energy has decreased and carbon prices have risen, leading to 

increased investment in renewable capacities that can compete with other participants in 

wholesale markets [24]. This is necessary to meet the more ambitious 2030 climate target 

that requires expanding renewable capacities across sectors [24]. 

The decreasing cost of renewable energy facilities, particularly solar photovoltaic (PV) 

plants, are a noteworthy advancement [25]. These expenses have reduced to the point where 

renewable energy may compete with traditional energy sources without any financial 

assistance [25]. As a result, in certain areas of Spain, the levelized cost of electricity was 

considerably less than the wholesale market price, and this trend is anticipated to continue. 

Spain's policy regarding demand-side generation, specifically self-consumption of 

electricity, is a good example of the energy transition [25]. 

The country’s economy will be affected by the goal of net-zero emissions transition on the 

employment area [26]. Job creation is one of the top concerns of the IEA, the transition will 

bring a rise in employment opportunities in the energy sector. Although fossil fuel 

production would experience a decrease in jobs, the estimation is that the generation of jobs 

will result in a net gain [26]. Creating new positions in the clean energy, efficiency and low-
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emissions technology sectors or even new roles for existing workers in manufacturing 

emissions-reducing products [26]. 

At present, the majority of jobs in the energy sector across the EU are associated with 

traditional energy sources like coal, oil, gas, and nuclear power [26]. However, investments 

in clean energy technologies are creating new employment opportunities in various sectors, 

including construction and manufacturing [26]. While some regions and sectors may require 

time to transition to renewable energy sources, efforts are underway to support these 

transitions, such as the European Commission's initiatives to aid coal regions in their 

decarbonisation efforts [26]. In 2020, the renewable sector in the EU provided direct or 

indirect employment to approximately 1.3 million individuals, with heat pumps, biofuels, 

and wind power accounting for the largest share of jobs. From 2019 to 2020, there was a 

gross increase of 65 000 jobs (5.2%) in the renewable sector. With Spain being on the top 4 

countries in the EU in terms of employment with 140 500 jobs created [26]. 

3.1.3 SOCIOCULTURAL 

In Spain there is a total of 47.6 million people as of January 2022 [27]. Awareness of climate 

change has grown over the past few years, as shown in the surveys taken by the Centre for 

Sociological Research (CIS) in 2010 a total of 65.2% of those who participated in a survey 

regarding the environment were very or quite concerned about climate change [28]. 

However, in the last poll taken by the CIS in March 2023 a total of 72.6% of respondents 

were very or quite concerned about climate change. In this last survey, 86.6% of participants 

agreed that human action does influence in the energy transition [29]. There is a strong 

cultural awareness of the need for sustainability and it could lead to a greater demand for 

renewable energy and therefore, energy communities. 
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3.1.4 TECHNOLOGICAL 

The technological advancements in Spain could have a significant impact on the 

development of energy communities, making it cheaper to generate renewable energy. Spain 

is a leading producer of renewable energy. According to the BP Statistical Review of World 

Energy 2022, Spain produced 95.8 TWh of renewable energy in 2021, which was the 8th 

highest in the world [30]. And that same year the renewable energy generation accounted 

for 46.7% of the total electricity generated according to Red Eléctrica Española [31]. 

Regarding solar energy generation, the country has invested in new technologies like 

Concentrated Solar Power (CSP) created to produce electricity from solar radiation. The 

solar field consists of mirrors or lenses that focus the sun's rays onto a receiver, where it is 

transformed into high temperature thermal energy. This energy is then converted into 

electricity. CSP plants are not as modular as PV, due to the thermal nature of the technology, 

and require large scales to achieve high efficiencies [32]. Despite a significant reduction in 

the cost of generating electricity from CSP, it remains more expensive than electricity 

generated from other technologies [33]. 

Another example of advances in renewable energy technologies in Spain that are specifically 

relevant to energy communities are microgrids. A microgrid is a smaller power system that 

can generate, store, and use energy, operating independently of the main grid while 

supplying safe and reliable energy. Spain has invested in various microgrid projects at 

different levels, as it believes that these projects can contribute positively to the Spanish 

economy. The country is considered a leading country in the research and development of 

microgrids [34]. The Royal Decree 244/2019 opens a clear way for the development of this 

technology by including the possibility of having shared self-consumption [35]. Microgrids 

can be particularly beneficial for energy communities that are located far from the main grid 

and may experience frequent power outages. 
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Additionally, the Spanish government has expressed its backing for the advancement of 

energy storage technology for renewable sources in order to enhance system flexibility and 

network stability. The plan quantifies storage requirements to contribute to the energy 

system's decarbonization [36]. These technologies are already present in fields like electric 

mobility, construction, or manufacturing, and encourage the development of renewable 

energy communities, that facilitate a more proactive consumer role [36]. To develop and 

deploy technologies and new business models related to energy storage and flexible energy 

management that maximize the integration of renewable generation in our country. This 

involves leveraging Spain's strong position in the power electronics value chain and R&D&i 

to develop its own sector for intelligent storage and management  [37]. 

3.1.5 LEGAL 

Red Eléctrica Española (REE) is the Spanish electric transmission system operator (TSO) 

that operates and manages the high-voltage electricity network in Spain, as well as the 

interconnections with the neighbor countries [38]. In order to maintain the reliability and 

safety of the nation's electricity system, REE is essential to the Spanish energy sector. As 

the system operator, REE transmits electricity from producers to consumers, maintains grid 

stability, and controls the production and consumption of electricity in real-time. To fulfil 

the nation's future energy needs, REE is also in charge of developing and building the 

Spanish electricity transmission network [38]. The integration of renewable energy sources 

into the Spanish power system has been a recent area of emphasis for REE [39]. As a major 

participant in the energy transition, REE is working to adapt the Spanish electricity grid to 

accommodate the increasing share of renewable energy output, including wind and solar 

power. To facilitate the integration of renewable energy, REE is investing in developing new 

technologies and solutions for grid management [39]. 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

34 

 

The National Commission of Markets and Competition (CNMC) is an independent 

regulatory body in Spain that oversees the regulation and supervision of several sectors, 

including energy [40]. The CNMC is responsible for ensuring fair competition, promoting 

market transparency, and protecting consumers' interests in the Spanish energy market. This 

commission plays a critical role in the energy sector by regulating and supervising the 

activities of electricity and gas companies, ensuring compliance with regulatory 

requirements, and promoting the development of a competitive and sustainable energy 

market in Spain [40]. 

The Spanish government agency in charge of regulating the nation's energy policies and 

encouraging sustainable development is known as the Ministry for the Ecological Transition 

and the Demographic Challenge (MITECO) and it is another one of the principal regulatory 

bodies in the energy sector in Spain [41]. The creation and execution of energy policies that 

support the transition to a low-carbon economy, the promotion of renewable energy, and the 

reduction of greenhouse gas emissions are among the responsibilities of MITECO in the 

energy sector [41]. The MITECO works closely with other EU member states to promote 

the development of a common energy policy and to ensure that Spain's energy policies are 

aligned with the EU's objectives [42]. The Electricity Sector Law 24/2013 is what regulates 

the main aspects of this sector in Spain [43]. 

Spain had one of the world's strictest regulations on self-consumption, as per RD 900/2015. 

This regulation made renewable energy installations, especially photovoltaic, economically 

unviable for residential prosumers by not providing any compensation for surplus electricity 

exported to the grid [35]. This changed in 2018 with the passing of a new law, the Royal 

Decree-Law 15/2018.  
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The RD-L 15/2018 was further developed in April 2019 in the RD 244/2019 where the 

details about the economic, technical and administrative conditions of the Photovoltaic 

Specialists Conference (PVSC) are specified [35]. It establishes that self-consumed energy 

from renewable sources, cogeneration or waste will be exempt from all types of charges and 

tolls [44]. Furthermore, the regulation stipulates that the excess electricity that is sent back 

to the grid must be handled under the same conditions as any other power generation 

installation [35]. Spain has established a legal framework that enables energy communities 

to generate and consume their own electricity, participate in the electricity market, and 

receive compensation for any excess electricity generated. 

3.1.6 ENVIRONMENTAL 

The environmental factors in Spain can benefit the development of energy communities. The 

diverse climate of the country is an advantage, as the country can exploit both wind and solar 

power generating energy by renewable sources. Spain is recognized to have a vast potential 

of solar resources, due to its large land area and high levels of solar radiation compared to 

other European countries [25]. As for wind energy, it has become the primary source of 

electricity generation in Spain for 2021, with a total of 28 139 MW accumulated power, 

covering more than 23% of the country's energy demand, establishing wind energy as the 

most significant electricity generation technology in Spain. Spain is now the fifth-largest 

country in the world for wind power with its installed capacity [45]. 

Energy communities can contribute to achieving the goal of reducing carbon emissions, 

especially as the demand for electricity continues to rise, particularly in the buildings sector. 

Over the last decade, Spain has made significant progress in decarbonizing its electricity 

generation, with the share of electricity generated from fossil fuels decreasing from 56% in 

2009 to 41% in 2019, while renewable energy sources' share increased from 24% in 2009 to 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

36 

 

38% in 2019. Spain aims to achieve a 42% share of renewables in total energy end use by 

2030, dominated by wind and solar power, accounting for 74% of total electricity generation 

in that year. This move will set Spain on a path towards meeting its 2050 target of sourcing 

100% of its power from renewable sources, in line with its goal of achieving carbon 

neutrality by 2050 [46].  

The renewable energy consumption in 2021 in Spain was a 17.3% of the total consumption 

[47]. The most consumed source in Spain that year was petroleum with a 42.4% and the 

second was natural gas accounting for 24.8% of the total [47]. 

3.2 UNITED KINGDOM 

The United Kingdom’s energy sector is analyzed in this subsection following the steps of 

the PESTLE analysis. 

3.2.1 POLITICAL 

The United Kingdom (UK) is party to the Paris Agreement, which means that the 

government has set a goal to achieve net-zero carbon emissions by 2050 [48]. The “Net Zero 

Strategy: Build Back Greener” is a proposal from the country that has the objective to 

establish measures and recommendations to decrease carbon emissions in all sectors of the 

UK economy [48]. The plan for a green industrial revolution establishes the groundwork for 

a green economic recuperation from the effects of COVID-19. The approach will help 

maintain the progress towards UK carbon budgets, the 2030 Nationally Determined 

Contribution for the Paris Agreement, and its net zero objective by 2050 [48]. This goal is a 

key driver for the adoption of renewable energy and sustainable practices in the energy 

sector. 
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In June 2019, the commitment to reduce emissions to 'net-zero' by 2050, became the first 

major step to combat climate change. The Committee on Climate Change (CCC), an 

independent statutory body that provides advice to the UK government on climate change, 

published a report in May 2019 “Net Zero: The UK’s contribution to stopping global 

warming”, which outlined a pathway to achieve net-zero emissions in the UK [49]. The Net 

Zero Target (2050) Order 2019 was introduced following the advice from the CCC. The goal 

has been enshrined in law, which means that businesses in the energy sector will have to 

adapt and transition towards renewable energy sources in order to meet the target [49]. 

Therefore, plans for deploying emissions need to be initiated in the short-term to align with 

the timeframe proposed by the CCC [49] [50]. The order also requires the UK government 

to publish a series of carbon budgets, which establish the level of greenhouse gas emissions 

that the UK can produce over five-year periods [51]. These carbon budgets are legally 

binding and must be approved by Parliament [51]. 

Furthermore, the UK’s government established in 2017 the “Clean Growth Strategy” 

initiative. To achieve clean growth, the UK's industrial strategy focuses on increasing 

national income while reducing greenhouse gas emissions [52]. The goal is to achieve this 

while maintaining an affordable energy supply for businesses and consumers. This approach 

will lead to increased productivity, the creation of jobs, higher earning power for people 

across the country, and it will help protect the environment [52]. The strategy focuses on key 

areas that require significant progress in order to meet the targets, including clean growth, 

business and industry efficiency, innovation, and delivering clean and flexible power [52]. 

The government published a set of proposals, which include it’s plans to establish green 

finance capabilities, develop measures to support businesses to improve their energy 

productivity, and invest in research and innovation in energy efficiency [52]. The strategy 
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also aims to improve the energy efficiency of homes and the route to market for renewable 

technologies like offshore wind [52]. 

The CCC published a report on the “Clean Growth Strategy” in 2018, which provides an 

independent assessment of the strategy's strengths and weaknesses [53]. The report also 

includes recommendations for improving the strategy. The strategy needs to be strengthened 

to ensure the carbon budgets are met, and the government needs to provide clarity on how it 

plans to deliver on the strategy's ambitions and intentions [53]. 

On December 2020 the UK formally completed its separation from the EU, making the 

Brexit official [54]. This implied a few changes on the energy sector. However, as the UK 

has had a significant influence on the EU’s energy policy with the liberalized "British" model 

being a source of inspiration for the liberalization of EU energy policy, the changes have not 

been many [54]. Nonetheless, the EU has also influenced UK sustainable energy policy, with 

the UK adopting more hierarchical, rules-based approaches to climate policy oversight and 

implementation [54]. Despite speculation that Brexit could lead to a more voluntarist 

approach, there has been little official change in policy ideas, with the UK's Net Zero 

Strategy reaffirming a market-oriented policy position [54]. Brexit had significant 

implications on the UK's membership in the EU Emission Trading Scheme (ETS) and the 

Internal Energy Market (IEM), both of which were important for the country's energy 

decarbonization efforts [54]. The individuals involved in the Department for Business 

Energy and Industrial Strategy (BEIS) Brexit consultations argued for the UK to remain part 

of the EU ETS or at least linked to it [54]. However, the country chose a standalone UK 

ETS, that is not linked to the EU scheme, which affects its liquidity and volatility [54]. It is 

considered crucial to restore effective interconnection rules, specifically by returning to an 

implicit trading arrangement, to facilitate the advancement of joint EU-UK offshore wind 

projects in the North Sea, which are a key component of their plans for achieving electricity 
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decarbonization targets. However, efforts to improve trading rules are being hampered by 

broader UK-EU relations [54].  

Another approach taken by the UK’s government to incentivize the generation of renewable 

energy was the Contracts of Difference (CfD). The UK's CfD’s are a policy tool aimed at 

encouraging investment in low-carbon technologies, introduced as part of the 2013 

Electricity Market Reform. The CfD is a contract between low-carbon generators and the 

government-established Low Carbon Contract Company (LCCC). The contract provides a 

fixed price for electricity generated over a 15-year period by paying generators the difference 

between the CfD's fixed price and a market reference price. If the market price is higher than 

the CfD price, the generator pays the difference to the LCCC [55]. The CfD auction scheme 

in the UK is aimed at supporting renewable energy, with a particular focus on offshore wind 

as a less-established technology [56]. It is important to highlight that in the auction in 2017, 

unexpectedly low bid prices for offshore wind were observed, which raised questions about 

whether the planned capacity would actually be built and whether the UK would be able to 

meet its renewable energy targets [56]. One possible explanation for the low prices is the 

setup of the CfD auctions that gives participants more freedom and flexibility, which may 

lead to it being perceived as a real option rather than a commitment to construct a power 

plant due to the non-stringent penalty for failure to deliver the project and the long lead time 

[56]. 

3.2.2 ECONOMICAL 

The oil and gas industries have traditionally been a major source of revenue for the UK 

economy [57]. According to Oil and Gas UK's analysis, the oil and gas sector has 

experienced a challenging downturn, resulting in a decrease of almost one-third in supply 

chain revenues and the loss of approximately 204 000 jobs in the UK between 2014-2017 
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[57]. Nevertheless, the industry remains vital to the UK economy, with around £11.3 billion 

spent on operating and capital expenditures in 2018 alone. In 2018, the sector contributed 

over 1.2% of UK GDP, with over 2 000 oil and gas companies continuing to be a major 

employer sector [57].  

However, fluctuations in global oil and gas prices can have a significant impact on the energy 

sector, as the UK still relies heavily on fossil fuel imports [58]. Fuel imports from non-EU 

countries have significantly increased since mid-2021, reaching £64.7 billion in the months 

to April 2022, representing a 193% increase. This is mainly due to the increase in gas 

imports, which became the largest component of non-EU fuel imports in October 2021 [58]. 

In the same way, exports of fuels to EU countries have also increased, exceeding £3 billion 

in a month for the first time in March 2022, mainly driven by increases in oil and gas exports 

[58]. Since the latter half of 2021, the global gas demand has increased, resulting in 

consistently high trade in gas. This increase in demand is due to the conclusion of many 

strict COVID-19 restrictions, a shift towards cleaner energy sources in Asia, supply 

constraints, and lower than usual gas storage levels in Europe, which have all pushed gas 

prices up [58]. About 50% of the UK's gas is imported from the international market, and 

most homes in England and Wales are heated mainly by gas supply. Additionally, gas fuels 

around a third of the UK's electricity generation, leading to rising electricity prices when gas 

prices increase [58]. 

The volatility in the energy market produced by the fluctuations of oil and gas prices together 

with the decreasing cost of renewable energy technologies is making the latter energy 

sources increasingly competitive with traditional fuels [23]. The significant decrease in costs 

over the past decade is a key driver behind the swift shift towards renewables in the 

worldwide electricity mix [23]. The expense of producing electricity through onshore wind 

and solar PV is now often lower than that of building new fossil fuel power plants or running 
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some existing ones. In many nations, renewables are the most economical option for 

satisfying the increasing need for electricity [59]. Small-scale battery storage systems 

combined with rooftop solar PV in residential and commercial buildings have too emerged 

as a thriving market. Small-scale residential battery storage system prices in the UK are 

slightly lower than those observed in Germany, according to IRENA [23].  

3.2.3 SOCIOCULTURAL 

According to the IEA, in the UK there is a total of 67.8 million people as of the year 2022 

[60]. The future projections expect the population to grow a 3.02% every 10 years, meaning 

that by mid 2030s the population will reach a total of 69.2 million approximately [61]. 

According to the Office for National Statistics’ Opinions and Lifestyle Survey, 75% of adults 

in Great Britain expressed worry about the impact of climate change just before the COP26 

UN Climate conference in Glasgow in October 2021 [62]. Women were more likely to worry 

about climate change and the environment's future than men [63]. The survey stated that 

those who were worried about climate change were more likely to have made lifestyle 

changes in response to the issue [62]. The survey also found that people commonly expressed 

concern for future generations and helplessness about the environment's future, and the 

expense of eco-friendly changes [62]. One quarter of adults in Great Britain reported feeling 

relatively unworried or ambivalent about the impact of climate change. The most common 

reasons for this lack of awareness were not knowing much about the issue or thinking there 

are other more urgent priorities [62]. The most frequent reasons for not making lifestyle 

changes was the believe that large polluters should change before individuals and the opinion 

that a particular’s actions would not make a difference [62]. However, research in the UK 

shows that the messages used to raise concern about climate change and the importance of 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

42 

 

the implementation of renewable energy have had a result of desire to take action and a need 

to adapt [64]. 

The Department of Energy and Climate Change completed a study of the Community Energy 

in the UK. The main aim of the review was to investigate whether community-led energy 

projects offer more benefits than projects led by a third-party [65]. The evidence suggest that 

the benefits provided by community energy projects include: raising awareness about energy 

issues, providing a sense of ownership and responsibility for the project, developing locally 

relevant energy projects, being more self-sustaining and producing local economic benefits 

such as job creation, skills development, reduced energy costs and financial gains from 

electricity generation [65]. The BG Green Street (BGGS) study demonstrated that 

community energy projects can lead to significant carbon savings through the installation of 

energy-efficient measures in homes and community buildings [65]. The community survey 

showed a significant increase in awareness of the project and a high proportion of 

respondents claimed to have been inspired to take action on energy efficiency and renewable 

energy as a result of the project [65]. However, it is important to note that the BGGS project 

was a unique and well-funded initiative [65]. In this review it is interesting to highlight that 

among the key factors that contribute to the initiation of community energy projects the most 

commonly reported was commitment of community group leaders and volunteers, who 

played a crucial role in delivering projects [65]. These leaders, who often had some energy-

related expertise, were essential in raising awareness of the projects within the community 

and encouraging volunteer work [65] 

3.2.4 TECHNOLOGICAL 

In the United Kingdom Electricity consumption per capita dropped by more than 20%, from 

5 800 kWh in 2000 to 4 300 kWh in 2020 [60]. However, energy usage increased by 5% 
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from 2020 to 2021. Previously, between 2003 and 2019, energy consumption decreased by 

almost 2% every year [60].  

Regarding the sources of electricity in the UK and their consumption, in 2021, coal 

consumption increased by 4% due to a slight rebound in coal-fired generation [60]. However, 

between 2012 and 2020, coal consumption decreased by 21% per year as numerous coal-

fired power plants were closed [60]. The power sector accounted for 39% of coal 

consumption in 2020, a significant decrease from 88% in 2012. The National Infrastructure 

Commission (NIC) updated its target for renewable energy deployment in 2020, setting a 

goal of 65% of the power mix by 2030, it was 42% in 2021 [60]. In 2022, the amount of 

renewable generated increased 10% from 2021 reaching 134.8 TWh, this being due to the 

less favorable weather conditions for wind and solar generation [63]. The consumption of 

renewables has increased significantly, primarily through wind power, with it accounting for 

only 7.66% of total energy consumption in 2010 [60]. As we can see in Figure 1, the main 

source in the United Kingdom’s power mix is oil, highlighting the county’s reliability on 

fossil fuels [66]. 
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Figure 1: Total final consumption by source (%) from 1990-2020 [66]. 

With a particular emphasis on the sectors driving the changes in energy consumption 

between 2020 and 2021, a report developed by BEIS highlights the increased oil 

consumption in the transport sector, reflecting a relaxing of Covid-19 travel restrictions [67]. 

The increase in oil consumption in road transport is the largest contributor to changes in 

energy consumption, despite this, consumption remains lower than pre-pandemic levels, and 

the report acknowledges that Covid-19 restrictions have contributed to the decrease [67]. 

Energy consumption in the domestic sector increased by 5.8% during this period, final 

energy consumption reached 29.5% in the UK [67]. Nevertheless, transport remains the 

biggest sector of energy consumption in the UK [68]. 

Improving energy efficiency in energy-intensive sectors is crucial to achieving CO2 targets, 

as energy consumption is the primary source of CO2 [69]. Utilizing available technologies 

such as, Carbon Capture and Storage (CCS) and renewable energy technologies could 

contribute to reducing emissions by 19% and 17%, respectively [69]. These findings 
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highlight the importance of adopting energy efficiency measures, which encompass the 

improved energy integration and management [69]. The technological advancements in the 

UK could have a significant impact on the development of community energy projects [67]. 

There is agreement that it is necessary to implement further public policies to decrease 

energy consumption in residential buildings in countries like the UK, enhancing energy 

efficiency in the building sector is considered one of the most cost-effective means to 

improve energy security and mitigate the environmental consequences [67].  

Renewable energy technologies, including solar, wind, and hydroelectric power, have made 

significant advancements in recent years, leading to increased efficiency and affordability 

[23]. Specifically, Wind power is a significant contributor to the renewable energy mix in 

the United Kingdom. As of 2021, the UK has installed capacity of over 24 GW of onshore 

and offshore wind power, making it one of the largest wind energy markets in the world. 

The growth of wind power in the UK is driven by a combination of government support, 

technological advancements, and the reduction of its costs [70]. The UK experienced a 

significant increase in wind-generated electricity in 2019, with 64 TWh generated, making 

it the second largest source of electricity. This represents almost 20% of the total electricity 

generated in the country [70]. The increase was attributed to a record high in both onshore 

and offshore wind generation. The UK has been a pioneer in the development of offshore 

wind technology, which has allowed the country to harness the strong winds in the North 

Sea [71]. The country's largest offshore wind farm, Hornsea One, completed off the coast of 

Yorkshire, has an installed capacity of 1.2 GW, making it the largest in the world [71]. 

Overall, the UK has made significant progress in the development of wind power 

technology, which has allowed the country to increase its renewable energy capacity and 

reduce its carbon emissions. The continued growth of wind power in the UK is likely to be 

driven by further technological advancements, falling costs, and government support [70]. 
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In addition to advancements in renewable energy technologies, the use of smart meters and 

grid technologies has enabled communities to monitor and manage their energy consumption 

more effectively [72]. Smart meters are advanced energy meters that can measure energy 

consumption in real-time and provide feedback to users on their energy use, allowing them 

to make informed decisions about how to reduce their energy consumption [72]. The 

adoption of smart energy technology has the potential to bring significant environmental 

benefits by improving energy production efficiency and flexibility, which in turn can reduce 

overall energy production and greenhouse gas emissions, as well as minimize the risk of 

blackouts and facilitate the integration of renewable energy sources into the energy system 

[72]. With the help of smart meters, consumers will have more options for energy plans and 

technology, allowing for better integration of electric vehicles and solar PV systems [72]. 

Furthermore, grid technologies such as demand response and energy storage can help 

communities manage their energy consumption more efficiently, reducing peak demand and 

allowing for more effective use of renewable energy sources [72]. 

Community groups engaged in energy projects have also shown interest in energy demand 

management [73]. As the grid becomes more advanced, consumers receive more information 

about their energy use and are encouraged to shift their energy consumption to help balance 

supply and reduce the requirement for expensive generation capacity to meet peak demand 

[73]. This also facilitates the adoption of renewable electricity generation, electric vehicles, 

and the electrification of heating systems such as heat pumps [73]. 

3.2.5 LEGAL 

In the United Kingdom the energy sector is regulated by Ofgem. In 2017 Ofgem analyzed 

the different drivers of change in the energy system, being the rise of local or community-

based energy solutions one [74]. It was recognized that the degree to which these local 
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solutions gain popularity would be a significant factor in determining the level of 

decentralization in the energy sector. Additionally, the preferences of consumers will play a 

vital role in dictating the direction and speed of progress towards reducing carbon emissions 

[74]. 

The Energy Act of 2008 creates a legal framework designed to support the UK's transition 

to a low-carbon economy and to encourage the development and deployment of renewable 

energy and energy efficiency technologies [75]. 

Regarding the legal aspect of community energy, in the UK, there is no specific legislation 

that regulates community energy projects [76]. However, several policies and programs have 

been introduced to support and encourage their development, explained in the political 

section [76]. Research indicates that there are several obstacles for Community Energy (CE) 

in the UK, mainly rooted in political or institutional matters [76]. The complexity and 

inconsistency of the policy framework for CE creates a lack of planning security for 

initiatives. In addition, there is a gap between the needs of CE and energy policy in the UK 

[76]. 

3.2.6 ENVIRONMENTAL 

Renewable energy sources have been recognized as an effective solution to combat climate 

change and reduce greenhouse gas emissions [77]. Compared to traditional energy sources 

like fossil fuels, renewable energy technologies have lower environmental impacts as they 

produce little or no greenhouse gas emissions during their operation [78]. Studies have 

shown that increasing the share of renewable energy in the energy mix can have significant 

environmental benefits [78]. In the year 2019, a total of 12.2% of the energy consumed in 

the country was renewable [79]. The source of energy most consumed was natural gas 
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accounting for a 38.6% and oil was the second with a 34.8% of total final energy 

consumption [30]. 

The environmental factors in the United Kingdom can catalyze the development of CE 

projects through the exploitation of renewable resources such as wind, tidal and solar power 

[80]. The UK's offshore wind industry is thriving with significant investment and innovation 

driven by ambitious targets and the deployment of new technologies. The country is 

currently one of the largest markets for offshore wind globally [80]. The UK's offshore wind 

sector benefits from the country's extensive coastline and shallow seas, allowing for easier 

construction and maintenance of wind turbines. This has resulted in the UK generating more 

offshore wind power than any other country [81]. The Ten Point Plan for a Green Industrial 

Revolution, released in late 2020, highlights the government's commitment to supporting 

renewable energy sectors [81]. This plan includes a goal to quadruple offshore wind 

production to 40GW by 2030, which would be sufficient to power every UK home with 

offshore wind in 2030 [81].  The offshore wind sector in the UK has rapidly matured in 

recent years, with proven technology and a reliable supply, contributing about 13% to the 

UK's electricity mix [81]. The UK has the greatest wind energy potential in Europe, with 

offshore wind energy having the biggest potential due to higher wind speeds at sea. The 

sector is important for clean growth, tax revenue, and job creation in coastal communities 

[82].  

3.3 CALIFORNIA 

In the following subsection the energy sector of California, state of the West coast of the 

United States, will be presented dividing the relevant information by the PESTLE strategy. 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

49 

 

3.3.1 POLITICAL 

California as one of the states of the United States of America (U.S.A.) is affected by federal 

and state energy policies and regulations. In the U.S.A. in 2005 the Energy Policy Act 

(EPAct 2005) was passed, this mandates the creation of grant programs, demonstration and 

testing initiatives, and tax incentives to encourage the use of alternative fuels [83]. 

In 2016 the Paris Agreement came into effect with the United States (U.S.) being one of the 

signatories. The primary requirement of the agreement was reducing greenhouse gas 

emissions and the US accounted for 13% of the total emissions across the world [84]. The 

USA has established and upheld a powerful and well-organized structure for promoting low-

carbon technology since the 1970s. By coordinating efforts across federal government 

agencies, significant scientific innovations have been achieved [84]. During negotiations on 

the Paris Agreement, the U.S.A. played an important role, driven by President Obama's 

desire for international climate leadership. However, President Trump's decision to withdraw 

from the agreement and his broader efforts to undo domestic climate policies had a negative 

impact on the effectiveness of the Paris Agreement [84]. In 2017, the Trump administration 

announced that the United States would withdraw from the Paris Agreement, citing concerns 

about the economic impact on the country. Trump's decision was primarily influenced by 

U.S. domestic politics rather than any obligations imposed by the agreement [85]. The 

termination process began in November 2019, and the United States officially withdrew 

from the agreement on November, 2020 [85]. In January 2021, the Biden administration 

announced that the United States would rejoin the Paris Agreement. President Biden signed 

an executive order on his first day in office, which initiated the process. The United States 

officially rejoined the agreement on February 2021 [84]. With a focus on raising domestic 

objectives and promoting more aggressive global climate action, President Biden wants to 

increase the U.S.'s participation in international climate cooperation [84]. However, the US's 
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image as a stable long-term partner in the Paris Agreement has been damaged by its 

fluctuating positions as a result of the changes in political majorities [84]. The Biden 

administration wants to address this by enacting extremely ambitious domestic climate-

policy measures, such as decarbonizing the energy sector by 2035 and reaching a net-zero-

emissions economy by 2050 [84]. 

Particularly, the state of California is a notable subnational leader in terms of environmental 

and climate change legislation. The U.S. Constitution gives states a great deal of authority 

to create laws that advance the general good [86]. California may pursue ambitious 

environmental and energy policies thanks to the legal and political framework provided by 

the federal government of the United States. California has taken advantage of this 

opportunity by enacting several laws in this area, many of which are more ambitious than 

those in other states [86]. The state government of California has implemented several 

policies and initiatives to support the energy transition towards a cleaner and more 

sustainable energy system [86]. California took the initiative to regulate greenhouse gas 

(GHG) emissions through the California Global Solutions Act of 2006 (AB32) and a series 

of subsequent legislation [86]. AB32 was the first state-level mandate in the US for 

economy-wide reductions of GHG emissions and the transition to renewable energy. The six 

economic sectors of California's economy, industrial, electrical, agricultural, residential, 

commercial, and transportation, were all targeted by AB32 for GHG emission reductions 

[86]. This argued that reducing GHGs would encourage investment in low-emitting and 

renewable technologies, create employment opportunities, and develop innovative 

technologies. AB32 aimed to reduce GHG emissions to 1990 levels by 2020, a target that 

has been achieved, and subsequent legislation has set more ambitious goals [86].  

In 2002 California became the first state in the USA to establish a Renewable Portfolio 

Standard (RPS), which requires utilities to procure a certain percentage of their electricity 
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from renewable sources with the aim of achieving a 20% increase of renewable energy in 

the state's electricity mix by 2017 [87]. The program was accelerated in 2006 through Senate 

Bill 107. California's Renewables Portfolio Standard (RPS) is considered one of the most 

ambitious renewable energy standards in the United States [87]. In 2016, the objectives of 

AB32 were reinforced by Senate Bill 32 (SB32), which established a target for lowering 

GHG emissions to 40% below 1990 levels by 2030 [86]. Additionally, SB350 increased 

California's renewable portfolio standard to 50% by 2030, and SB100 increased it to 100% 

renewable electricity generation by 2045 [86] [88]. It has been estimated that the RPS 

program has reduced annual emissions as well as costs in energy procurement costs [89]. 

Another policy implemented by the state’s government is the Net Energy Metering (NEM) 

program. In 1995, Senate Bill (SB) 656 was imposed to develop standard contracts providing 

for NEM, which compensates customers for electricity generated by eligible renewable 

resources and fed back to the utility [90]. California's NEM policies have since gone through 

several changes, expanding the list of eligible technologies and increasing NEM caps for 

certain utilities [90]. NEM 2.0, which went into effect in 2016, provides customer-generators 

full retail rate credits for energy exported to the grid [90]. 

3.3.2 ECONOMICAL 

The economic impact of the energy sector in the U.S.A. and California is substantial. The 

sector includes a wide range of industries, from oil and gas extraction to renewable energy 

development, and is a significant contributor to employment and economic growth [91]. In 

2021, the U.S.’s energy sector employment grew 4% over 2020, outpacing overall U.S. 

employment [91]. The 2022 U.S. Energy and Employment Report (USEER) covers five 

major energy industries and shows that all industries, except fuels, experienced a positive 

job growth in 2021 [92]. In order to achieve net zero GHG emissions by 2050, employment 
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in this area has grown, jobs related to achieving net-zero emissions include those in 

renewable energy, energy storage, energy efficiency, and clean transportation and those were 

the ones that most increased from 2020 to 2021 in the energy sector [92]. Specifically, the 

state of California was in the top three states of job growth in the clean energy sector [91]. 

To reach a future with minimal carbon emissions, California has committed to advance in 

clean energy solutions. The state's clean energy industry is defined as establishments 

involved with producing, manufacturing, distributing or implementing goods, or services 

related to renewable energy, energy efficiency or conservation, smart grid, energy storage, 

carbon management, and electric or hybrid vehicles [93]. In 2019, California's clean energy 

industry employed 406 751 workers. Solar generation had the most workers at 124 800 [93]. 

The employment of PV installers and wind technologies is projected to grow rapidly over 

the next decade, with PV installer employment expected to increase by 50.5% and wind 

technology employment expected to grow by 60.7% [94]. This is due to the declining costs 

of renewable energy technologies, making them more accessible to consumers [94]. For 

instance, the price of solar energy has decreased dramatically, leading to an increase in solar 

installations and an increase in the proportion of electricity generated by end users, as shown 

in Figure 2 [94]. Wind and solar power are more cost-effective than coal and nuclear power 

as the levelized cost of energy for renewables is currently lower than the marginal cost of 

traditional power production sources and is expected to continue to decline [95]. Solar and 

wind are commonly available resources in California, and they have become more 

competitive with fossil-fuel electricity due to the reduction of their costs [96]. 
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Figure 2: Decrease in price of solar energy and the increase in solar installation [94]. 

3.3.3 SOCIOCULTURAL 

In accordance with the 2020 US Government Census Bureau, the population of the United 

States that year was 331.4 million [97], of whom 39 million lived in California in 2022 [98]. 

California’s population increased a 6.1% since 2010 but slower than its 10% gain in the 

previous decade [99]. 

According to a survey conducted by the Berkeley Institute of Governmental Studies in 

August 2015, Californians supported stronger efforts to fight climate change by requiring 

more electricity to come from renewable resources and cutting gasoline use in half [100].  

The report on the Climate Change in the American Mind: Politics & Policy, December 2022, 

published by the Yale Program on Climate Change Communication, shows that 52% of 

registered voters believe global warming should be a high or very high priority for the 
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president and Congress [101]. Moreover, 65% of registered voters say developing sources 

of clean energy should be a high or very high priority for the president and Congress [5] 

[101]. 

In accordance with the Environmental Letter, change in US state-level public opinion about 

climate change from 2008 to 2020, exposure to wildfires and flooding have driven increased 

support for climate mitigation policies in states like California [102]. Moreover, those states 

with recent and substantial climate and energy policy efforts, such as California, have seen 

public support grow [102]. A similar result was reached by the survey on environmental 

issues conducted by the Public Policy Institute of California in July 2022, public awareness 

of the effects of climate change and state efforts to reduce greenhouse gas emissions has 

increased because of the severe drought and wildfire season California had experienced 

[103]. Discussions regarding increasing oil output and using renewable energy sources have 

arisen as a result of the rapid increase in the price of petroleum [103]. The survey specifically 

asked if, in order to help reduce climate change, the respondent would be willing to pay more 

for electricity if it were generated by renewable sources like solar or wind energy and 44% 

of the participants would be willing to do so, while 55% would not be willing [103]. 

Within this social climate, energy communities are well seen in California. Specially with 

the 100RE project which promotes renewable energy by enhancing cities to commit to the 

target of 100% generation of renewable energy [104]. In California those communities with 

less resources still consider joining larger community choice aggregators and switching to 

renewable energy as it will result in a decrease of energy prices, and it is a potential source 

of savings [104]. 
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3.3.4 TECHNOLOGICAL 

Technological advancements in the energy sector have made possible the installation of 

more ways to obtain energy from renewable sources. According to a report from the 

California Energy Commission (CEC) from 2011 to 2021 the electric generation capacity by 

solar photovoltaics has increased from 226 MW to 13800 MW [105]. Similarly, the 

generation and generation capacity from all the renewable sources has increased in the last 

decade, in contrast with the energy obtained from traditional sources which has decreased 

[105]. In 2021 California’s renewable generation was a total of 67.4 TWh, being this 33.6% 

of the total energy mix in the state [106].  

California accounts for two-thirds of the U.S. West coast, due to the vast distances 

transportation consumes the most energy in the state [107]. In California, the transportation 

industry uses approximately a third of the state's total energy consumed, whereas of the 

state's overall energy consumption, the industrial sector consumes one-fourth, the residential 

sector around one-fifth, and the commercial sector one-fifth [107]. Nevertheless, per capita 

energy consumption in both the residential and commercial sectors is lower than that of all 

other states except Hawaii [107]. Some California petroleum refineries have recently added 

capacity to produce renewable diesel from biomass [107]. In 2021, almost all of the 

renewable diesel consumed in the United States was used in California [107]. 

Renewable energy sources are prominent in California as it stands second in the United 

States, only after Texas, in generating electricity from different renewable sources. 

California is the largest producer of electricity from solar and geothermal resources in the 

country [107]. Solar power is the primary source of renewable electricity in California, with 

the majority of its resources located in the south-eastern deserts. In 2022, this energy 

accounted for 19% of the state's utility-scale electricity net generation [107]. California is 
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the top producer of utility and small-scale solar PV electricity generation in the country, 

accounting for 31% of the nation's total [107]. As of the beginning of 2023, California had 

the largest utility-scale solar power capacity in the country, with over 17 500 MW, and 

almost 32 000 MW of total solar capacity when small-scale facilities are included [107]. 

Incorporating renewable energy technologies into the U.S. energy mix can lead to an 

improvement in environmental quality, decreasing its degradation [108]. The need to 

decarbonize the world's energy industry has become more pressing as a result of the adverse 

effects of global warming. Utilizing renewable energy sources is the most effective and 

affordable way to do this [109]. Innovation in energy sources is essential for the 

decarbonization process to be successful. Therefore, in order to cut carbon emissions and 

reach net zero carbon targets, nations all over the world are concentrating on energy 

innovation [109]. The development of smart energy grids for present and future demands is 

being supported by investors and manufacturers. These grids can improve the efficiency and 

reliability of energy distribution systems for energy communities [109].  

The variable nature of renewable energy sources such as wind and solar means that they can 

produce excess energy at times, leading to system overload, or produce less energy than 

needed [110]. To address this issue, energy storage systems are considered the most effective 

solution. These can improve the reliability of renewable energy sources for energy 

communities [110].  

Enhancing market access and norms requires the use of innovative technology. By rapidly 

developing smart micro-grids that use renewable energy sources like solar or wind, 

technological breakthroughs in the field of renewable energies can open up the possibility 

of electricity supply for undeserved communities and regions [110]. An increase in 

renewable energy innovation is anticipated to boost renewable energy production, as stated 
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in the COP26 agreement [110]. Consequently, for energy communities, this can improve the 

effectiveness and dependability of energy distribution systems. [110].  

3.3.5 LEGAL 

California is a state with a thriving energy sector, which has become increasingly important 

in recent years due to concerns over climate change and the transition to a cleaner, more 

sustainable energy system [109]. In order to regulate and promote the energy sector, a 

number of legal organisms have been established. One of the most significant legal 

institutions in the state, the California Energy Commission (CEC), is in charge of setting the 

state's energy policy and planning [111]. Therefore, the CEC is essential to the state's efforts 

to make the transition to a cleaner energy future by promoting the use of renewable energy 

and energy efficiency [111]. 

The California Independent System Operator (CAISO), an independent, non-profit company 

that controls the flow of electricity through the high-voltage, long-distance power lines that 

make up 80% of California's grid, is another legal entity essential to the energy sector [112]. 

The CAISO is responsible for ensuring the reliability and stability of the grid, which is 

critical for the smooth operation of the energy sector in the state [112]. The scope of the 

CAISO model update cycle is expanding, mainly because of the fast pace of interconnection 

of renewable energy resources to the power grid [113]. This organization is in charge of 

ensuring that the network model accurately depicts these new interconnections in order to 

maintain the reliability of the system [113]. As previously mentioned the EPAct regulates 

the energy sector in the US and therefore in California [83]. 

The law that capsules the community renewable energy programs is the AB-2316, approved 

by California’s governor in September 2022 [114]. This law grants the California Public 

Utilities Commission (CPUC) regulatory jurisdiction over public utilities, including 
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electrical companies [114]. The Californian government is attempting, through this 

legislation, to show all of its citizens the benefits that come from community energy 

programs when distributing renewable energy production at reasonable costs [114]. The 

Legislature also intends to promote low-income consumers' participation in any community 

renewable energy initiative that electrical companies may develop [114]. 

3.3.6 ENVIRONMENTAL 

Climate change and the need to reduce greenhouse gas emissions are significant 

environmental concerns that affect the energy sector in the U.S.A. and California. Energy 

communities can contribute to reducing greenhouse gas emissions and address climate 

change [115]. Energy consumption in the United States comes from different sources, being 

the most consumed petroleum, in October 2022 the country’s consumption of petroleum was 

a total of 897 090 GWh [115]. Consumption of renewable energy has remained steady from 

2020 to 2022, being the third most consumed source of energy in October 2022, a total of 

295 710 GWh, which is 12.9% of the energy consumed in the United States as Figure 3 

shows [116]. From the renewable sources, solar and wind started to grow in relevance in 

2010, and in 2021 energy generated by wind resource was the most consumed. Total energy 

consumed in the US has increased in the last years [115]. Specifically in California, 17.6% 

of the total energy consumed in the state was renewable energy in 2021 [107]. The most 

consumed source in the state is natural gas, a 28.7% of the total, and the second most 

consumed is petroleum which accounts for a total of 19.72% [117]. 
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Figure 3: Primary energy consumption in the United States [116]. 

Specifically, California, as for data collected in 2020 the state was ranked second in total 

energy consumption among all states, but it had a lower per capita energy consumption than 

almost all other states that year [118]. In the same year, natural gas was the source most 

consumed in California [118]. Almost half of California's in-state electricity generation in 

2022 came from renewable resources such as hydroelectric power and small-scale, 

customer-sited solar power, while natural gas accounted for 42% [107]. Nearly all of the 

remaining electricity generation was supplied by nuclear power. It is safe to say that 

renewables in the state of California have an increasing relevance for the supply of energy 

[107]. 

The geographical and environmental characteristics of California have played a role in 

accelerating the development of renewable energy sources in the state [119]. The abundance 

of natural resources, including wind, sun, and geothermal heat, has made it possible for the 

growth of renewable energy [119]. California is ideally situated for the production of solar 

energy because it is in an area with abundant sun irradiation [119]. In fact, California has the 

highest solar electricity production capacity in the country [106]. 
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The state's extensive coastline, which offers substantial potential for offshore wind 

generation, is another crucial geographic element [107]. Offshore wind turbines can be 

installed in locations with consistently strong wind speeds, resulting in more reliable 

electricity production [120]. A report on the possibilities for offshore wind energy 

production was released by the CEC. This report discusses the opportunity for this source of 

energy to help California generate carbon-free energy and diversify its renewable energy 

portfolio, in line with the state's clean energy policy [120]. It states that California will need 

significant development of clean energy generation to achieve the goals set out in the 100 

Percent Clean Energy Act of 2018 (SB 100) which raised the Renewables Portfolio Standard 

in California to guarantee that the state generates a minimum of 60 percent of its electricity 

from renewable resources by 2030, and offshore wind energy could play a significant role 

in meeting those goals [120]. Offshore winds off the California coast are strong, averaging 

up to 10 meters per second, there is a high potential for this source of energy and there are 

large resource areas that are suitable for development [120]. 

3.4 QUEENSLAND 

Finally, Queensland, the Australian state situated in the Northeast will be described by the 

aspects that concern its energy sector in this subsection. 

3.4.1 POLITICAL 

Queensland is subject to the Australian Government regulations regarding the energy sector 

[121]. The government’s policy is guided by many international climate change agreements. 

The most recent one is the Paris Agreement, which prompted Australia to adopt the objective 

of net zero emissions by 2050 and to commit, initially, to reduce greenhouse gas emissions 

by 26-28% below 2005 levels by 2030 [121]. However, compared to other nations, that was 
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not a particularly ambitious goal. As a result, Australia modified its Nationally Determined 

Contribution commitment for the Paris Agreement in 2022, raising the 2030 goal. The 

country will undertake the task of reducing greenhouse gas emissions by 43% below 2005 

levels, a 15% increase from its previous target [122]. 

To achieve the different objectives for renewable energy, the Clean Energy Regulator (CER) 

along with the government have implemented various policies [123]. The Renewable Energy 

Target (RET) which has two major parts, namely large-scale renewable energy target 

(LRET), which encourages investment in big renewable power stations and small-scale 

renewable energy scheme (SRES), that encourages the use of small-scale, such as household 

PV [122] [124].  The RET requires a proportion of electricity to be generated from renewable 

resources. This scheme had a target of 33 000 GWh produced from renewable resources by 

2030 and was accomplished in January 2021 [123]. 

The country's government and the CER also implemented the Emissions Reduction Fund 

(ERF) in accordance with the goal of achieving net zero emissions [125]. A variety of 

economic sectors can benefit from the ERF's incentives for emission reduction actions, and 

it appears to have played a significant role in Australia's achievement of its 2020 goal [125]. 

Queensland in particular has a Labor Government which has also set ambitious goals 

regarding the reduction of greenhouse gas emissions, starting by the 30% emissions 

reduction below 2005 levels by 2030, as well as 50% of the energy mix being from 

renewable sources by that same year [126]. In order to lessen its dependency on fossil fuels 

and stimulate the growth of renewable energy, the state government has established a 

number of regulations and promoted initiatives [126]. The Advancing Clean Energy Schools 

(ACES) project is one of them. It aims to reduce energy expenditures in over 800 state 

schools by installing solar panels and other energy-saving techniques [127]. The program is 
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anticipated to generate about 61.4 MW of solar energy to the Queensland Government's 

renewable energy target with a total investment of $168.1 million. This program will benefit 

the local economy by lowering emissions, preventing climate change, creating new jobs, and 

providing local businesses opportunities. [127]. 

3.4.2 ECONOMICAL 

The energy sector is a significant contributor to the Australian economy, in particular, the 

coal industry has traditionally been one of the major sources of revenue of the country, as 

Australia is one of the largest exporters of this material [128]. Together with Russia and 

Indonesia, Australia is in the top three coal providers, as it is shown in Figure 4 [129], 

however, their exports decreased in 2020 [128]. Coal has such an importance that despite 

the increasing urgency to mitigate climate change, there was an approval in June 2019 of a 

mine project in Queensland, Adani’s Carmichael coal mine [130]. This mine will increase 

Australia’s per capita CO2 emissions, and its approval lies on the traditional economic 

factors of the state of Queensland [130]. 
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Figure 4: Major exporters of coal in the world, from 1980-2020 [129]. 

However, the global move toward renewable energy could have an influence on the demand 

for Australian coal exports, an industry that is vital to the nation's economy [131]. Two-

thirds of Australia's fossil fuel exports are exported to nations like China, Japan, and South 

Korea, all of which have adopted commitments to achieve net zero carbon emissions by the 

middle of the century [131]. If these commitments are met, Australia's coal exports could 

decrease significantly by 2050. Nevertheless, it is anticipated that the impact on exports of 

liquefied natural gas will be less significant [131]. The overall impact on Australia's GDP is 

expected to be minimal and gradual as a result of the drop in fossil fuel exports, which may 

be partially offset by an increase in exports of renewable energy [131]. In some degree offset 

by opportunities in other sectors such as renewable energy, but the outlook is uncertain. A 

decrease in fossil fuel exports would have a severe impact on areas where mining employs 

a large share of the labor force [131]. 
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According to Australian Bureau of Statistics (ABS) Census data, there has been a decline in 

employment in fossil fuel electricity generation in Australia between 2016 and 2021, while 

there has been an increase in employment in hydroelectricity and other forms of renewable 

energy [132]. Employment in renewable electricity generation now accounts for 34.3% of 

total employment in the electricity generation industry, compared to 19.2% in 2016 [132]. 

However, according to ABS Jobs in Australia data, in 2020 there was a 17% increase in jobs 

in coal mining compared to the previous year, in Queensland, jobs in coal mining increased 

by 10.5% [133]. The data gathered from the Queensland Government Department of 

Resources, Safety and Health indicates that there was a growth of 22.7%, since the last 5 

years of the people working in operational coal mines in the state in June 2022 [133]. This 

means that even though employment in fossil fuel generation is slowly decreasing, the coal 

sector still hires employees, and it is still needed [133]. 

To create the energy infrastructure required for the transition to net-zero emissions, Australia 

needs significant investment. A qualified workforce must be available to develop and run 

the new technology as the energy industry shifts toward cleaner sources [134]. A pipeline of 

training and skill transfer is necessary for this [134]. The energy industry, which will 

generate jobs, economic growth, and energy security, must be identified by the government, 

and it must plan to assist it [134]. Roof-top solar PV system remains the highest employer 

among the renewable energy types, being the second largest contributor to employment solar 

PV large scale [133]. 

Another economic factor is the cost of renewable energy which is becoming increasingly 

competitive with traditional sources of energy. This has led to a higher investment in 

renewable energy projects in Australia, particularly in solar and wind energy [135]. This 

trend is expected to continue, as the cost of renewable energy technologies continues to 

decline and the demand for clean energy grows [23]. In summary, energy communities can 
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provide economic benefits to local communities by offering a cheaper and cleaner alternative 

to traditional energy providers [135]. 

3.4.3 SOCIOCULTURAL 

Australia’s population was 26.1 million people on September 2022, with an annual growth 

of 418 500 people (1.6%). On the same date, Queensland had a population of 5.3million with 

an increase of 2,2% over previous year [136]. Australia’s population is projected to reach 

between 37.4 and 49.2 million people by 2066 [137]. 

The majority of Australians favor action to prevent and adapt to climate change, even if they 

claim they don't believe it is occurring, according to the Commonwealth Scientific and 

Industrial Research Organization (CSIRO) climate attitudes poll of 2014 [138]. 

In September and October of 2021, the Griffith University Climate Action Beacon conducted 

a Climate Action Survey and found that while only a small portion of Australians may have 

been concerned about climate change last decade, in 2021 the majority of the participants in 

the survey, 72%, were concerned by the issue and demanded action [139]. Most respondents 

were in favor of different energy policies, such as, placing a price on carbon, promoting the 

use of electric vehicles, and supporting individuals whose livelihoods will be impacted by 

shifting away from fossil fuels [139]. 

3.4.4 TECHNOLOGICAL 

Between 2010 and 2019, energy consumption in Australia increased by 9%. However, due 

to the Covid-19 pandemic, consumption decreased by 3% in 2020, primarily in the transport 

sector [140]. Industry is the largest energy consuming sector, followed closely by transport, 

and buildings. Coal consumption has decreased by 23% over the past decade, with coal-fired 
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electricity generation being replaced by renewables and natural gas [140]. Oil is the main 

source of energy, covering 52% of total final consumption in 2021 as shown in Figure 5 

[140]. 

 

Figure 5: Total final consumption in Australia, from 2000-2021 [140]. 

The share of renewable energy in Australia's total final energy consumption has increased 

from 8% in 2000 to 11.5% in 2021 [140]. Since 2010, distributed solar PV and wind power 

have been the key growth drivers. The growing proportion of solar and wind energy in the 

nation's renewable energy supply, previously dominated by solid biomass, confirms the 

achievement of renewable energy targets [140]. With solar PV accounting for 27% of all 

renewable energy usage in 2021 and wind power for 19%, both sources have seen rapid 

expansion as displayed in Figure 6 [140]. The generation of renewable energy has also 

increased since the government established the target of renewable energy for 2030, 

Queensland produced 5 774 MWh of clean energy as of January 2022, which accounted for 

a total of 20.4% in the state’s energy mix [141]. By sector, renewables covered 22.4% of 

energy consumption in buildings, 11.1% in industry, and less than 1% in transport in 2021 
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[140]. Investment in renewable energy has been growing due to declining technology costs 

[142]. Australia has the highest installed capacity per capita of solar PV in the world, and 

one in three households have rooftop solar. However, there has been no significant 

development of offshore wind, geothermal, biofuels, biogas, or biomass, and the renewable 

energy portfolio standard has low diversity of renewable investment [142].  

 

Figure 6: Renewable energy in total final energy consumption in Australia, from 2000-2021 [140]. 

The IEA analysis shows that Australia's energy consumption grew at a slower rate between 

2000 and 2014 due to energy efficiency improvements, which were made possible by the 

country's investment in innovative technology and projects [140]. To support the 

development of renewable energy projects, including community energy projects, the 

Australian government established the Australian Renewable Energy Agency (ARENA) 

[140]. Despite being a significant exporter of coal, Australia has worked to advance 

important fields like hydrogen, which is crucial for the global energy transition and long-

term energy security [140]. According to the Australian government, if the suggested 

changes are made, energy efficiency may increase by 53%. Meeting this target would enable 

Australia to reduce energy consumption while still experiencing GDP growth [140]. 
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With the goal of combating climate change and establishing new renewable energy 

businesses, the Australian government is collaborating with other nations [140]. The country 

is concentrating on fostering technological collaboration, developing new clean energy trade 

opportunities, and expanding and diversifying clean energy supply chains [140]. Australia 

has established international clean energy partnerships with Germany, India, Japan, Korea, 

Singapore, the United Kingdom, and the United States. In addition, Australia is a leading 

technology partner in energy systems and renewables integration [140].  

The Australian Government is investing in major energy infrastructure projects, including 

interconnectors, energy storage, as well as microgrids and clean energy generation at the 

local level [143]. However, timely permitting and environmental and social approvals are 

crucial for the country's energy transition. Energy efficiency in buildings and smart grids 

have not received enough funding [140]. Significant efforts are needed to adapt the power 

system to smaller-scale technologies and decentralized power generation, such as solar PV, 

as well as to strengthen the transmission and distribution grids against climate change and 

extreme weather events [140]. 

The Australian government is steadfast in its commitment to helping regional areas prosper 

economically and create jobs. The Regional and Remote Communities Reliability Fund will 

contribute up to $50.4 million toward this cause over the course of five years, from 2019 to 

2023 [140]. In order to replace, improve, or reinforce off-grid communities' current electrical 

supply arrangements, the Fund aims to assist feasibility studies examining the 

implementation of microgrid technology in regional communities [140]. For remote and 

regional towns in Australia, microgrids may provide more reliable, secure, and affordable 

energy solutions [140]. 
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3.4.5 LEGAL 

Australia’s energy sector is highly regulated, with several legal organisms at both the 

national and state levels responsible for overseeing the industry. One of the most important 

legal organisms for the energy sector is the Australian Energy Regulator (AER) [144]. The 

AER is responsible for regulating the energy market in Australia. It works closely with other 

national entities such as the Australian Energy Market Commission (AEMC) and the 

Australian Energy Market Operator (AEMO) to ensure the effective regulation of the energy 

sector [144]. 

The regulations governing the national electricity and gas markets must be developed and 

recommended by the Australian Energy Market Commission (AEMC) [145]. The largest 

linked power system in the world, the National Electricity Market (NEM), that covers 

Australia's eastern and southern states, was established and is being implemented by the 

AEMC [145]. Ensuring adherence to regulations governing the National Electricity Market 

is the responsibility of the Australian Energy Regulator [145]. 

The Australian Energy Market Operator (AEMO) manages the day-to-day operation of the 

national electricity and gas markets, that includes the day-to-day operations regarding the 

NEM [146]. The AEMO is responsible for ensuring the security and reliability of the energy 

system, and for balancing supply and demand in real-time. On the growth of the energy 

system, including the incorporation of renewable energy sources, the AEMO also offers 

strategic planning guidance [146]. The Australian Competition and Consumer Commission 

(ACCC), another regulatory body, is in charge of upholding consumer and competition rules 

in Australia [147]. The ACCC is specifically tasked with monitoring and preserving 

competition in the energy sector, among other duties [147]. 
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The energy sector in Queensland is governed by the Electricity Act 1994 which is supported 

by a more recent legislation, the Electricity Regulation 2006 [148]. These laws cover a wide 

range of topics, including the regulation of the electricity industry, its supervision, 

calculation of the electricity prices and management of restrictions and procedures [148]. 

3.4.6 ENVIRONMENTAL 

In the path to achieve net zero emissions, the production and consumption of energy has 

changed in Australia [142]. Both production and consumption have declined in the last years 

specially due to COVID-19, renewable energy production has witnessed a surge while there 

has been a decrease in the production of almost all fossil fuels in the country [142]. Energy 

in Australia comes from different sources being oil the most consumed [140]. 

In the state of Queensland 24.9% of the energy consumed that came from renewable 

resources in April 2023, this is the lowest percentage of the country and Queensland has to 

work to improve this numbers [149]. In Queensland in 2021 oil was the most consumed 

source of energy with a 35.8% being coal the second with 35%, that year only 8.5% of the 

energy consumed came from renewable sources, so the state has increased its share of 

renewable energy consumption by 16.4% in the last two years [150]. In the country a total 

of 84 056 GWh was obtained from renewable resources which represented a 35.9% of the 

total energy consumption [149]. It is becoming increasingly apparent how traditional energy 

sources like coal and gas affect the environment [149]. These energy sources cause air 

pollution and greenhouse gas emissions, so renewable energy must become a larger 

component of the nation's energy mix if the government is to meet its goal of a 43% decrease 

in emissions from 2005 levels [149]. 

Australia's climate and geographic factors make it a distinguished place for exploiting 

renewable energy sources [149]. Solar, wind, hydro, and geothermal energy are all abundant 
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sources of renewable energy in the nation. Hydrogen storage, has significant potential for an 

energy storage solution in Queensland [149]. Since hydrogen can be produced from solar 

and wind energy and used whenever there is a need for energy, it is considered as a 

consistent alternative for promoting energy security [149]. 

Regarding solar resources, Australia receives above the average solar irradiation, 

approximately 10 000 times higher than the country’s annual energy consumption [123]. As 

solar energy usage is projected to grow swiftly, wind energy has emerged as the quickest 

expanding source in Australia [149]. Australia has one of the world's best locations for wind 

resources. It has been determined that among all renewable resources, solar and wind energy 

are the most cost-effective and easily accessible options [149]. 

One of the most important measures to reduce carbon emissions and lessen the effects of 

climate change is the transition to renewable energy. In order to prevent the worst effects of 

climate change and keep global warming to 1.5°C above pre-industrial levels, the 

Intergovernmental Panel on Climate Change (IPCC) has emphasized the necessity  to rapidly 

reduce greenhouse gas emission [3]. According to the Australian Government's Department 

of Agriculture, Water and the Environment, the country has experienced an increase in the 

number of heatwaves, longer fire seasons, and more frequent and severe droughts, which 

have led to significant economic and social impacts [151] [152]. Additionally, the 

government notes that sea levels have risen since the late 19th century, which has increased 

the frequency and severity of coastal flooding and erosion [153]. Australia is considered one 

of the most vulnerable countries to the impacts of climate change, as it faces various 

environmental and economic risks due to its geographical location [3]. 
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3.5 COMPARATIVE ANALYSIS 

In this section of the chapter, a comparative of the data gathered previously has been done, 

in order to see the information in a more synthesized way. The information has been grouped 

by aspect of the energy sector (political, economic, sociocultural, technological, legal and 

environmental) instead of by country. 

3.5.1 POLITICAL 

All of Spain, the UK, the USA and Australia have signed the Paris Agreement on climate 

change, under which each country sets its own nationally determined contributions (NDC) 

to lower the level of greenhouse gas emissions. The USA withdrew the Paris Agreement 

under the mandate of Trump but signed it off again with Biden. In table 1, an overview of 

these jurisdictions can be observed. In order to achieve the NDC compromised, all of the 

countries, and more locally, California and Queensland, have established state and local 

regulations that are aimed at supporting renewable energy and reducing carbon emissions. 

Moreover, Spain, as a Member State of the European Union, is subject to the EU legislation 

on energy and climate change, which has established as an objective to achieve net zero 

emissions by 2050. In the case of the UK, the Brexit was effective as of December 2020 and 

since then, the UK is no longer a Member of the EU; however, its policy towards climate 

change has not significantly changed since then, and keeping its arrangements with the EU 

is one of the keys to achieve the decarbonization objectives set forth under its domestic 

regulations. 

Regarding renewable energy generation, Spain has the objective of a 32% increase for 2030 

which would be a 74% of clean energy generation. As for the United Kingdom, a goal of 

65% of renewable energy in the power mix was set for 2030. In the state of California, a 
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50% of renewable energy generation was agreed on, same thing was settled for Queensland, 

where a 50% of the energy mix is expected to come from renewable sources by 2030. Table 

2 shows a summary of the renewable energy generation target for 2030. 

Table 1:Paris International treaty. 

 Spain UK California Queensland 

Paris 

Agreement 
Yes Yes Yes Yes 

Table 2: Renewable energy generation target for 2030. 

 Spain UK California Queensland 

RE generation 

target 2030 
74% 65% 50% 50% 

 

3.5.2 ECONOMICAL 

It is a worldwide trend that the cost of renewable energy sources and its technology is 

decreasing and becoming the most affordable source of energy. In the four places studied in 

this project, Spain, United Kingdom, California and Queensland, it has been highlighted that 

the clean energy sources that have become most cost-competitive are wind and solar, which 

has led to a higher investment in these technologies. Standalone in Spain wind installations’ 

cost experienced a decrease of 65% in the last decade and an 85% decrease in cost was seen 

in solar PV projects. 

Regarding employment created by the energy sector, jobs will experience a net increase, the 

fossil fuels workforce will be reduced but the clean energy sector will rise its number of 

employees contributing to the economic expansion. The job growth in the renewables sector 
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in California accounted for a total of 406 751 new jobs in 2019, in the case of Queensland 

employment in renewable generation weighs a 34% of the total in the electricity generation 

sector. 

Finally, it is important to underline the case of the UK with oil and gas and the case of 

Queensland with coal. Oil and gas are essential to the UK’s economic equilibrium and being 

that they are both pollutant ways of generating energy, the transition towards a more 

sustainable energy sector can affect these pillars of the economy. So far, the oil and gas 

sector have not been extremely influenced as both imports and exports have increased. In 

Queensland similarly, the coal industry is vital to the state’s and country’s economy. 

Australia is one of the biggest exporters of this material and its demand could be conditioned 

by the same reasons as in the UK, as more and more countries have recently agreed on the 

target of net zero emissions by 2050. Nevertheless, employment in the coal sector in 

Queensland has kept growing which continues to give hope to those who dedicate 

themselves to this industry. 

3.5.3 SOCIOCULTURAL 

This project was set to be studied in areas of similar number of people so that the comparison 

would be easier to understand. However, Queensland has a smaller population than the other 

three places taken into account, being the number of inhabitants 5.3 million. 39 million 

people live in the state of California, then Spain has a total of 47.6 million people, whereas 

the United Kingdom has a population of 67.8 million. The latter one being the most 

populated approximately 9 times bigger than Australia’s state of Queensland. These results 

can be seen in Table 3. 

In accordance to the information gathered from different studies and reports, 72.6% of the 

individuals who participated in a survey in Spain were very or quite concerned about climate 
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change, a total of 75% adults agreed on this same matter in the UK. In Queensland 72%, the 

majority of respondents were concerned about the climate change issue. In California 65% 

believe that technology for renewable energy sources should be expanded and invested. 

Clearly, people around the world are becoming more aware of the environment and how 

their actions can affect it, in California 44% of respondents in a certain survey would be 

willing to pay more for electricity if it came from clean sources. Also, it is interesting to 

point out that according to the Environmental Letter in the US, awareness of climate change 

and willingness to mitigate it has grown specifically in the state of California as wildfires, 

droughts and flooding have become more regular. 

Table 3: Population in millions. 

 
Spain  

2022 

UK  

2022 

California  

2022 

Queensland  

2022 

Population 47.6 67.8 39 5.3 

 

3.5.4 TECHNOLOGICAL 

Renewable energy has advanced technologically in all four regions where significant 

advancements have been made, specially technologies such as smart meters, microgrids and 

energy storage. Specifically, energy storage and efficiency can help reduce carbon emissions 

and guide the way into a more sustainable world, that is why governments are investing big 

amounts of money, teams and time into the research of new and existing technologies for 

the exploitation of renewable sources. 

Renewable energy generation in Spain was a total of 95.8 TWh in 2021, which accounted 

for 47.6% of the energy mix. That same year in the UK from the information gathered 
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previously, renewable energy accounted for 42% of the total energy produced in 2021, which 

was 122.2 TWh. In California 67.4 TWh were generated from clean sources, this being a 

33.6% of the generation in 2021. In Queensland 5.7 GWh of energy was generated from 

renewable sources, it was a total of 20.4% of the energy mix in 2021. This information can 

be observed in Table 4. In Table 5, the renewable energy generation is presented per capita. 

The percentages of the share of renewable generation in the energy mix can be observed in 

Table 6. As for the consumption in the UK and in California transportation is the sector that 

consumes the most, in Queensland in contrast, industry is the largest consuming sector. The 

levels of consumption differ among the regions. 

Wind and solar renewable energy sources seem to be the most used and the ones where 

technology has advanced most in all four places. Spain and California have focused their 

efforts mainly in solar power, specifically California relies on this type of source, as in 2022 

it accounted for 19% of the net electricity generation. Wind in the case of the United 

Kingdom has become a significant contributor to the country’s power mix over the last years, 

turning into the second largest source of electricity in 2019. Finally, in Queensland both solar 

and wind have experienced advancements thank to technological developments, being solar 

PV the dominant between the renewable consumed sources. 

Table 4: Renewable energy generation. 

 Spain UK California Queensland 

Generation of 

renewable 

energy 
95.8 TWh 134.8 TWh 67.4TWh 0.057 TWh 

 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

77 

 

Table 5: Renewable energy generation per capita. 

 Spain UK California Queensland 

Generation of 

renewable 

energy per 

capita 

2 MWh 1.9 MWh 1.7 MWh 0.01 MWh 

 

Table 6: Percentage of Renewable energy in the energy mix. 

 Spain UK California Queensland 

% of 

Renewable 

energy 

generation 

47.6% 42% 33.6% 20.4% 

 

3.5.5 LEGAL 

The energy sectors in all four regions have a specific regulatory body and a specific legal 

framework that oversees it. Spain’s most important legal entities include Red Eléctrica 

Española, the CNMC and the MITECO. The United Kingdom’s energy sector is regulated 

by Ofgem and in the case of California the most significant institutions are the CEC and the 

CAISO. Queensland as part of Australia, its energy sector is overseen by the Australian 

Energy Regulator. The promotion of renewable energy and the transition to a cleaner, more 

sustainable energy system is a shared objective in all these four places. 

The concept of self-consumption or community energy projects is well addressed in Spain 

through the RD 944/2019 and in California by the AB-2316. The sector of interest in general 

is legislated in Spain by the Electricity Sector Law 24/2013, UK’s transition to a low-carbon 

economy is supported by the Energy Act of 2008. In California the industry is regulated by 
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the EPAct of 2005 and finally, Queensland’s energy sector by the Electricity Act 1994 and 

the Electricity Regulation 2006. This data can be observed in Table 7. 

Table 7: Main regulation of the energy sector 

 Spain UK California Queensland 

Regulation of the 

energy sector 
Electricity 

Sector Law 

24/2013 

Energy Act of 

2008 
EPAct of 2005 

Electricity Act 1994 

Electricity 

Regulation 2006 

 

3.5.6 ENVIRONMENTAL 

Climate in the four regions studied in this project is very beneficial for the exploitation of 

renewable sources. They all characterize for the abundance of natural resources, especially 

solar and wind power. The geographic factors in Spain, California and Queensland make 

these three places distinguished for the quantity of solar irradiation they receive, making it a 

reliable source of energy. Wind has also become the primary source of renewable energy in 

Spain and the United Kingdom, and in the case of California and Queensland this resource 

is quickly expanding and becoming essential for the states’ energy mix. It is fair to consider 

that the geographic and environmental characteristics in these places favor the development 

of renewable energy resources. 

Regarding energy generated from wind power, the UK’s offshore wind industry has grown 

recently and become the biggest in the world. California similar to the UK, can highly benefit 

from this type of resource as in its extensive coastline there are very strong wind speeds. 

The consumption of renewable energy has grown in all the four places, in California it 

accounted for 17.6% of the energy consumed in 2021 and in Spain the same year 17.3% of 
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the final consumption was renewable. In the UK 12.2% of total final energy consumed was 

obtained from renewable resources in 2019. Queensland consumed 24.9% of this type of 

energy. This information can be seen gathered in Table 8. Due to its geographical location, 

Australia is one of the most susceptible countries to the effects of climate change. As a result, 

it confronts numerous environmental and economic concerns. 

The most consumed sources in Spain was petroleum with a 42.4% and the second was natural 

gas accounting for 24.8% of the total in 2021. Similarly, in the UK it was natural gas 38.6% 

and petroleum was the second with a 34.8% the same year. Likewise, California natural gas, 

was a 28.7% of the total consumption, and the second most consumed was petroleum which 

accounts for a total of 19.7%. Finally, in Queensland in 2021 petroleum was the most 

consumed source of energy with a 35.8% being coal the second with 35%. This information 

is stated in Table 9. 

Table 8: Renewable energy consumption of the total final energy consumption in %. 

 Spain UK California Queensland 

Renewable 

energy 

consumption 

17.3% 

(2021) 

12.2% 

(2019) 

17.6% 

(2021) 

24.9% 

(2022) 

 

Table 9: Most consumed sources in total energy consumption in percentage. 

 Spain UK California Queensland 

Most consumed 

source 

Petroleum 

(42.2%) 

Natural gas 

(38.6%) 

Natural gas 

(28.7%) 

Petroleum 

(35.8%) 
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 Spain UK California Queensland 

Second most 

consumed 

source 

Natural gas 

(24.8%) 

Petroleum 

(34.8%) 

Petroleum 

(19.7%) 

Coal 

(35%) 
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CHAPTER 4: REGULATION AND 

INCENTIVES OF THE ENERGY 

COMMUNITIES 

The fourth chapter of the document the research focuses on community energy. It is divided 

in two sections where specifically energy communities’ regulation and incentives are 

exhaustively analyzed. 

4.1 ENERGY COMMUNITIES’ FRAMEWORK 

In this section the regulation and policies that affect CEs will be described for each of the 

places studied throughout the project. The section is divided in 6 subsections that gather the 

information considered to be the most relevant to the subject. 

4.1.1 REGULATION 

The regulation for energy communities is different in each place, there is not a universal 

framework that captures the policies that need to be followed in order to establish a 

community energy, which makes it harder for consumers to understand the process and be 

ready to create and develop an energy community. 

As part of the European Union, Spain takes an active role in the initiatives supported by the 

EU and also benefits from them. Specifically, the “Clean Energy for all Europeans” led to 

the implementation of the Royal Decree 244/2019 to regulate renewable self-consumption 

and a year later, the Royal Decree 23/2020 which introduced the concept of local energy 
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communities in Spain [10]. At the European level, this concept was introduced in the 

2018/2001 Directive, where the term renewable energy community was established [154]. 

The Royal Decree 244/2019 is one of the policies implemented by the Spanish government 

to support the development of energy communities, which simplifies the procedures for their 

creation and registration [35] [155]. 

Spain also follows the Directive 2019/944, which regulates the internal electricity market 

and recognizes the energy community's figure. This Directive presents a citizen-focused 

vision to create an Energy Union where citizens take advantage of new technologies and 

actively participate in the energy market and therefore, the energy transition [156]. With the 

help of this Directive, some types of citizen energy projects will be recognized as "energy 

communities" at the EU level, giving them access to a supportive environment, equal 

opportunities, and a clear set of rights and obligations [156]. In Spain, this directive has been 

transferred to the national legal system through the RD 224/2019 which authorizes the 

deployment of self-consumption installations, which are allowed to be shared by multiple 

individuals [157]. Also, from the European Union level, Spain is adhered to the 2018/2001 

Directive, which regulates renewable energy communities, on the promotion of the use of 

energy from renewable sources. It highlights that enabling renewable energy self-consumers 

to work together also creates chances for renewable energy communities to improve 

household-level energy efficiency and combat energy poverty by reducing consumption 

[154]. 

As for the UK, as it is no longer part of the EU, self-consumption and specifically community 

or local energy act in accordance with the country’s own regulations. However, there is no 

specific legal framework that addresses energy communities in the UK. There is, 

nonetheless, a scheme implemented by Ofgem, the energy regulator, called the “Renewables 

Obligation” (RO) Closure, that applies to small-scale solar PV (total installed capacity of 
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less than 5 MW), between other generation sources, and aims to encourage the production 

of renewable electricity [158]. Regulations in the UK make setting up a CE very challenging, 

as policy is complicated and frequently modifies [76]. The UK's energy system heavily 

depends on fossil fuels and is mostly centralized. The challenge of achieving energy security, 

equity, and environmental requires a transformation of the entire system [159].   

Regarding California, community energy is regulated by a law that the state passed in 2022, 

AB-2316. This law places the power in the Public Utilities Commission of California to 

create initiatives to encourage residential consumers in disadvantaged communities to adopt 

renewable generation and establish renewable energy communities. The assembly bill also 

mandates that the CPUC generate an annual report to the Legislature detailing the facilities 

deployed and customers signed up as a result of the community renewable energy program 

within its establishment [114]. 

Finally, Queensland, similar to the UK, does not have a specific policy that endorses 

community energy. Community energy projects in Queensland may encounter ambiguity or 

obstacles due to the state's present legislative and regulatory framework. To promote the 

community energy sector, strong policy and regulatory frameworks are needed [160]. The 

community renewable energy sector faces many challenges but also opportunities. The main 

challenge in starting a project is a lack of awareness within political, financial, and 

community circles regarding the potential benefits of community renewable energy projects 

[161]. Nevertheless, the government of Queensland has supported the progress of energy 

communities in the state [126]. It has reinforced the development of community owned 

renewable energy projects like solar or wind farms in order to provide local communities 

with the access to this source of energy, promoting community engagement in the energy 

transition [160].  
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There is, however, the Electricity Regulation 2006 in Australia, which states that a person 

operating a 30MW or less particular generating plant has a special approval to connect it to 

a transmission grid or supply network [162]. As said before, energy communities are 

not specifically governed by any laws in Australia, although a number of laws and policies 

do apply to them and their activities. The Renewable Energy Target is one of the most 

significant regulations that affects energy communities in Australia [123]. A set percentage 

of electricity generation must come from renewable sources under the RET. By producing 

renewable energy and reselling it to the grid, energy communities may endorse the RET 

[123]. Another policy that applies to energy communities in Australia is the National 

Electricity Market, the wholesale electricity market that operates in Australia [163]. The 

NEM is governed by the National Electricity Rules (NER), which set out the rules and 

regulations for the operation of the market. Energy communities that generate and sell 

electricity into the NEM must comply with the NER [163]. 

Table 10 summarizes the information regarding the specific regulations regarding 

community energy in each place. 

Table 10: Main regulation. 

 Spain UK California Queensland 

Federal / 

European 

D 2019/944 

D 2018/2001 
- - -1 

State or country 

level 
RD 224/2019 -1 AB 2316 -1 

 

4.1.2 REGULATOR 

The energy regulator is the institution that oversees the regulation of the energy industry in 

a specific area. It can be a government agency or an independent organization and it has the 
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responsibility to ensure that energy is produced, transmitted, distributed, and used in a 

dependable, and efficient manner. Another duty is to look out for the interests of customers 

and support the growth of renewable energy sources.  

In Spain the energy regulator is the National Commission of Markets and Competition 

(CNMC), it is an independent regulatory body that has the main responsibilities that an 

energy regulator holds. It manages the electricity and gas sectors of the country and is 

responsible for implementing EU directives and regulations in Spain [40].  

The Office of Gas and Electricity Markets (Ofgem) is responsible for regulating energy in 

the UK. Ofgem is an independent agency that similar to the CNMC regulates the electricity 

and gas market of the country. Its primary role is to promote competition in energy markets, 

protect the interests of energy consumers in the UK, and ensure that the energy sector runs 

effectively, sustainably, and securely [164]. Ofgem suggests that local energy is becoming 

more popular due to several factors, such as the increasing involvement of local authorities 

in climate and energy governance, changes in consumer preferences and participation, and 

declining trust in traditional energy actors [165]. Local ownership and governance can help 

achieve broader societal goals such as environmental sustainability, learning, engagement, 

and participation. The growth of renewable energy technology has also played a significant 

role in enabling local actors in the energy sector [165]. 

In California, at the country level, energy is regulated by a combination of federal agencies 

depending on the energy sector, but the key energy regulators are the Federal Energy 

Regulatory Commission (FERC), independent agency of the US government that 

encourages the coordination of transmission planning at a regional level, between other 

things and the Department of Energy (DOE) which is a federal agency in charge of 

supporting energy efficiency and the creation of innovative energy technologies, as well as 
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guaranteeing the dependability and security of the US energy infrastructure [166] [167]. At 

the state level California’s energy sector is regulated by its Public Utilities Commission, 

responsible for a wide range of activities, including encouraging the development of 

renewable energy, addressing climate change and regulating utility operations [168]. 

Finally, Queensland in the same way as in California, there is an energy regulator at the 

national level, and that is the Australian Energy Regulator (AER), federal agency responsible 

for regulating the wholesale electricity and gas markets, as well as the revenue and pricing 

of electricity transmission and distribution businesses [144]. The AER also has responsibility 

for enforcing consumer protection provisions in energy legislation [144]. At the state level 

The energy regulator in Queensland is the Queensland Competition Authority (QCA). The 

QCA is an independent statutory body responsible for regulating the prices and quality of 

electricity, gas and every other business vital for the economy of the state [169]. The energy 

regulators for the different places can be found summarized in Table 11. 

Table 11: Energy regulators. 

  Spain UK California Queensland 

Energy 

regulator 

Country 

level 
CNMC Ofgem FERC AER 

State level - - CPUC QCA 

4.1.3 COOPERATIVES 

Cooperatives are businesses whose members, are individuals or businesses who use the 

cooperative's services or goods, and democratically control them. The members of a 

cooperative pool their resources together to achieve a common goal or meet a common need. 

Cooperatives operate in various sectors and can take many forms, such as energy 
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cooperatives. The form of community energy cooperatives is quite new but it still exists and 

it is becoming more and more common [170]. 

In Spain there are various energy community cooperatives. One of them is the Red de 

Comunidades Energéticas S. Coop which promotes the implementation of local energy 

communities, to effectively tackle the challenges posed by climate change while developing 

a business model that is socially responsible and cooperative in nature [171]. This 

cooperative also explains to consumers the meaning of a community energy and how to 

create one [171]. There are a few others, including Som Energia, Enerplus or Energética 

Coop.  

As for the United Kingdom, cooperatives in this sector are also growing. One example is the 

Community Energy England cooperative which provides opportunities for community 

energy customers to connect, learn, share business models, and support one another in 

overcoming obstacles [172]. It is committed to assist community energy organizations in 

developing and implementing new projects, it also provides a guide on how to get started 

with a community energy [172]. Many other cooperatives are being born in the country in 

order to assess those who are interested on implementing this type of project, some are 

Energy4all and Co-operative Energy.  

Following with California, cooperatives for energy communities also exist, one of the main 

cooperatives for these projects is Cooperative Community Energy (CCEneregy) [173]. It is 

recognized for being owned by its customers and having installed many solar energy projects 

in the residential and commercial sector, highlighting the lower energy costs these projects 

offer. The CCEnergy provides free consultation for residential customers who are intrigued 

by the outline [173]. Some other cooperatives include East Bay Community Energy or the 

Clean Power Alliance.  
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To finalize, in Queensland, a review done by Queensland Council of Social Services in 2018 

stated that even though cooperatives are an ideal structure for community energy projects 

due to their emphasis on shared ownership, control, and participation, many cooperatives 

struggle to secure funding. Co-operative Capital Units (CCUs) was introduced as a financial 

instrument to address this issue and provide cooperatives with greater flexibility in raising 

capital. However, the use of CCUs is limited in Queensland due to restrictions in cooperative 

laws, which discourages community energy groups from using this structure [161]. Still, at 

the national level there are some cooperatives focused on the empowering of community 

energy projects, for example the Community Power Agency or Cooperative Power.  

These cooperatives and others like them are crucial in encouraging the creation of 

community energy projects in these different places and in giving people and communities 

the tools they need to take charge of local energy production and consumption. Table 12 

summarizes the data collected related to the different cooperatives. 

Table 12: Examples of CE cooperatives. 

 Spain UK California Queensland 

Examples of 

cooperatives 

Comunidades 

Energéticas S 

Coop 

Communit 

Energy 

England 

Cooperative 

Community 

Energy 

Community 

Power Agency 

(National level) 

4.1.4 NUMBER OF CE 

The number of energy communities has grown over the last years. In Spain thanks to the 

initiative CE IMPLEMENTA right now there is a total of 68 projects around the country. 

Almost half of the projects are being constructed in disadvantaged municipalities, which 

helps Spain's energy policy achieve its energy goals and the battle against depopulation 

[174]. Regarding the United Kingdom, the number of projects is even higher, overall, there 
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were 495 energy community in 2021, that year the industry gained 18 new organizations, 

exceeding the 5-year average of 16, which means that the number of projects is steadily 

growing [175]. 

No actual information on the number of community energy projects has been found in the 

case of California or Queensland. In both these places there the energy communities vary 

from small-scale solar installations on individual homes to large-scale wind and solar farms 

owned by community-based organizations. The number of energy communities developed 

in each of these places can be found in a compact way in Table 13.  

*In California and Queensland data regarding the actual number of energy communities is 

not available. 

Table 13: Number of CE. 

 Spain UK California Queensland 

Number of CE 68 [174] 495 [175]  - 1 - 1 

4.1.5 GENERATION AND DISTRIBUTION 

The amount of energy that a community energy project can generate and distribute will 

depend on a variety of factors, including the size and type of the project, the available 

resources in the area, and any regulatory or policy constraints.  

In Spain, as established by the European Union in the Directive 2018/2001, communities 

that use renewable energy should be able to share the energy generated by the installations 

they own. Also, countries shall ensure that renewable energy communities have the legal 

                                                 

1 Information on this was not available. 
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right to create, consume, store, and distribute renewable energy to the grid, including through 

renewables power purchase agreements. They must also have unrestricted access to all 

appropriate energy markets [154]. Specifically, in Spain, two types of self-consumption are 

recognized, those installations with surplus and those without it [34]. For the case of self-

consumption installations without surplus, these although they are connected to the 

consumer's internal network that links to the distribution or transport network, they do not 

at any time transfer energy to the grid and they must be equipped with a mechanism that 

prevents the injection of the surplus to the grid. Secondly, the case of self-consumption with 

surplus, these facilities are connected to the distribution or transmission grid which can 

supply energy to the grid [34]. The community involved is considered an energy producer, 

although the actual production may be carried out by another entity. Installations can be 

connected in two ways, to the consumer’s interior network or than external point to the 

internal network, using the public distribution network, called nearby installations through 

the network [176]. 

In the United Kingdom, self-consumption installations are also allowed to generate and 

distribute energy, they can be connected to the electricity grid and can export any excess 

energy back to the grid, subject to certain constraints, such as limits on the amount of energy 

that can be exported, technical requirements and safety standards [Solar photovoltaic self-

consumption in the UK residential sector]. 

Following with California, the state permits customers to install renewable power generation 

facilities to meet their electricity requirements and link them with the electrical grid. The 

primary technologies used by customers include solar, wind, and fuel cell facilities. Several 

California laws have directed the CPUC to develop rules or tariffs to allow customer-

generators to satisfy their energy needs onsite and earn a financial credit on their electric 

bills for any extra energy fed back to their utility [177]. The CAISO offers fair and 
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transparent entry to the transmission grid, backed by a market that fosters competition for 

energy resources [178]. 

To finalize, Australian’s state Queensland, same as the other three jurisdictions, community 

energy projects are permitted to generate and distribute energy [179]. 

In conclusion, in all the places studied in the project self-consumption installations and 

therefore community energy projects can both generate and distribute energy. The results 

from the data gathered in the investigation are summarized in Table 14. 

Table 14: Generation and distribution of a CE. 

 Spain UK California Queensland 

Generation Yes Yes Yes Yes 

Distribution Yes Yes Yes Yes 

 

4.1.6 MAXIMUM INSTALLED CAPACITY 

The self-consumption installations in Spain do not have a limitation when it comes to 

maximum power installed capacity, therefore, the only restrictions are those of the facility 

itself and those derived from industrial quality and safety regulations [180]. 

In the UK, the energy regulator, Ofgem together with the Smart Export Guarantee (SEG) 

pursued a government-backed initiative to incentivize small-scale generators that met the 

requirement of and installed capacity of up to 5 MW for the different types of renewable 

energy sources, including solar PV, wind, hydro and others. This is the only power capacity 

limitation found in the research [181]. 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

92 

 

The Net Energy Metering (NEM), program that allows customers who generate their own 

electricity from renewable energy sources to receive credit on their utility bills for the excess 

energy they produce and feed back into the grid. There are three versions of this program, 

the first one the NEM 1.0 which had a limit in size capped at 1 MW, the NEM 2.0 which 

limit was the customer’s annual electric load and finally the Net Billing Tariff (NBT) that 

imposes the same restriction as the previous program plus up to 50% if customer attests to 

need, this last version is the active one since April 2023 [177]. 

The Queensland government stablished in 2008 the program known as Solar Bonus Scheme, 

which compensates households and small customers for any excess electricity produced by 

their own rooftop solar photovoltaic systems. Qualified customers for this scheme are those 

whose consumption is less than 100 MWh of electricity per year [179]. 

In conclusion, the limitations are different on the maximum capacity permitted in each 

region, a summary with this information can be observed in Table 15. 

Table 15: Maximum installed capacity of a CE. 

 Spain UK California Queensland 

Maximum 

installed 

capacity 

No limit 5 MW 

NEM 1.0 1 MW 

-1 

NEM 2.0 
Annual 

load 

NBT 

Annual 

load + 

50% 

Maximum 

electricity 

consumption 

annually 

- - - - 100 MWh 
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4.1.7 GUIDE ON SELF-CONSUMPTION 

A guide on self-consumption can be seen as a useful tool for consumers interested on 

knowing more about the subject and it can also help increase the number of energy 

communities developed in a country as it may make it easier for customers to understand the 

steps and benefits these projects have. In Spain there is an updated guide on self-

consumption released by IDAE in January 2023. It explains what to do before starting a 

project, the process that needs to be followed in order to successfully create a community 

energy and it gives recommendations as well as examples of existing projects [176]. The EU 

in the Directive 2018/2001 states that it has been demonstrated that the deployment of energy 

from renewable sources is hampered by the absence of transparent norms and coordination 

between the different authorization bodies. The EU has made it an obligation to provide 

guidance to consumers and such direction must be given at the proper level of governance, 

taking into account the unique characteristics of each Member State, assisting and directing 

the applicant throughout the full administrative procedure [154]. This could be a reason for 

the existence of the Self-Consumption Guide provided by the Spanish country.  

In the case of the UK, there is a guide on community energy, it explains its meaning and 

support provided by the government and how to reduce the energy use, however it is quite 

old, the last update was in 2015 [73]. This agrees to what has been said before that there are 

barriers for the development of energy communities as the policies that surround the topic 

are complex [76].  

In California the CPUC has released some helpful guides in order to provide direction for 

consumers in the innovative projects of community energy. A workshop was held on 

February 2023, where participants learned the different existing programs the government 

offers as well as the new tariff proposals. What is self-consumption and why it would benefit 
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consumers are other insights he CPUC offers [182]. A Solar Consumer Protection Guide 

was also published by the CPUC in 2022 in order to give advice to customers on how the 

best way to establish a community energy project while being protected [183]. The 

Department of Energy in the U.S. provides a Guide to Community Energy Strategic Planning 

with useful tools and advices [184]. 

In Queensland, similar to what happens in the United Kingdom, there is a useful guide to 

start a community renewable energy project however this one provided by the Community 

Power Agency, is form 2014. However, it does offer useful information on what these types 

of projects are, how to get started with the process, the benefits and the challenges of the 

process [185]. On Table 16, there is a summary of the information found. 

Table 16: Guide on self-consumption. 

 Spain UK California Queensland 

Guide Yes Yes Yes Yes 

4.2 ENERGY COMMUNITIES' INCENTIVES  

As previously mentioned, community energy projects have emerged as a powerful model 

that promote renewable energy generation and therefore encourage the energy transition 

towards a more sustainable world. This chapter explores the incentives and advantages of 

starting a CE project, delving into the legal and financial benefits that make these initiatives 

an attractive proposition in each of the regions studied. 
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4.2.1 LEGAL ADVANTAGES 

Legal advantages are those benefits and opportunities generated by the regulations and laws 

in a specific jurisdiction. These advantages offer favorable conditions, protections, or rights 

to the individuals interested in pursuing an activity in order to promote their endeavors. Legal 

advantages can include a regulatory support, which means a well-developed legal framework 

that offers stability, in the case of community energy, regulation and whether it facilitates 

compliance in each of the places has already been discussed in the previous section. 

4.2.1.1 GOVERNMENT SCHEMES 

Another type of legal advantage is the access to funding opportunities, in the case of CE 

there are different programs that are interested in investing so that individuals grow on 

interest towards the subject and contribute in the energy transition.  

In Spain, the MITECO through IDAE and funded by the program NextGenerationEU offers 

different types of incentive programs with the objective to promote renewable energy and 

self-consumption, especially in the residential sector [186]. Renewable generation actions 

eligible for subsidies under these programs include photovoltaic and wind actions for self-

consumption, as defined in Royal Decree 244/2019. These also consider new generation 

installations with associated storage installations as eligible actions for subsidies. The total 

grant to be awarded goes from 140 €/kW to a total of 2900 €/Kw for the installation of 

different self-consumption forms [186].  

Another example is the program CE IMPLEMENTA, established by the Recovery, 

Transformation and Resilience Plan (PRTR) and funded by the EU Next GenerationEU the 

objective of this grants is to enhance the support available to individuals and organizations 

involved in establishing and growing energy communities. These grants primarily target 
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citizens, small businesses, and local entities, with the aim of promoting a just and inclusive 

transition to a low-carbon economy. By encouraging investments in green infrastructure and 

involving actors who have not traditionally been part of the energy sector, the grants 

facilitate a more equitable and sustainable decarbonisation process [187]. This project 

funded by the EU Next GenerationEU recognizes energy communities as a significant 

contributor to the energy transition, enabling them with the required financial capability to 

undertake the construction and operational activities of infrastructures connected to 

communal engagement in the energy industry [188]. IDAE, the Institute for Energy 

Diversification and Saving, has released the first phase of the map of energy communities, 

the purpose of this map is to showcase the information and projects of energy communities 

in the CE IMPLEMENTA programs [174]. Through this map, Spain takes a step forward in 

promoting the deployment of this renewable, economical, democratic, and participatory 

solution, in which citizens become the protagonists of the energy transition [174]. IDAE 

aims to achieve a more democratic and participatory energy model while reactivating the 

economy, combating climate change, reducing external energy dependence, and creating 

wealth and employment by strengthening the business and industrial sector [174]. IDAE has 

already published four calls for the CE IMPLEMENTA program to support unique pilot 

projects of energy communities. In the first two calls, grants totaling €40 million were 

awarded to 73 energy communities, which mobilized more than €90 million in investment 

and had over 95 000 members [174]. Additionally, IDAE has also published a call for the 

CE OFICINAS program to execute start-up and operation projects of Community 

Transformation Offices that can carry out advice, and support activities for energy 

communities [174]. Regarding the map released by IDAE, it shows that the implementation 

of energy communities has started all around Spain. An interesting fact is that 85.39% of the 

participants are natural persons [188]. 
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In the United Kingdom there are various schemes and programs that support renewable 

energy generation and specifically self-consumption. The UK government provides 

individuals with different funding opportunities, for instance the “Good Growth Strategy to 

Mitigate the Cost of Living” where funding is available to address the challenges posed by 

the high cost of living, a total of £5.5 million were destined to this program [189]. This 

funding aims to invest in renewable energy efficiency measures that reduce household 

expenses [189]. Another example is the “Domestic Renewable Heat Incentive” (DRHI) 

scheme administered by Ofgem, it is a government initiative designed to provide financial 

support for the adoption of renewable heating systems in households [190]. The DRHI is 

available to all households, regardless of whether they are connected to the gas grid or not, 

as long as they have installed a renewable heating system and meet the eligibility criteria 

[190]. Participants who adhere to the scheme rules receive quarterly payments over a period 

of seven years based on the estimated amount of clean and renewable heat their systems are 

expected to generate [190]. 

Regarding California, the CPUC offers grants and other financial incentives to encourage 

the development of Community Solar in the state. There are different community renewable 

energy programs that provide funds to individuals willing to install solar panels on their 

roofs [191]. The California Energy Commission incentivizes the development of sustainable 

homes through a project called California Electric Homes Program aims to offer incentives 

for the development of residential buildings that operate solely on electricity and the 

installation of energy storage systems, a total of $7.5 million will be destined to this initiative 

[192]. The program aims to promote the adoption of building technologies with near-zero 

emissions. Under the Electric Homes program, incentives will be provided to support the 

construction of these new residential buildings, ultimately leading to reduced construction 

costs [192]. 



 

 

 

UNIVERSIDAD PONTIFICIA COMILLAS 

ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA (ICAI) 
GRADO EN INGENIERÍA DE TECNOLOGÍAS INDUSTRIALES 

 

ANEXO I 

 

98 

 

Finally, Queensland, in order to support the target of 50% renewable energy by 2030, the 

government has launched different initiatives [193]. In the small-scale level, Decarbonising 

Remote Communities is one of these projects. A total of $3.6 million was allocated to install 

renewable energy systems in four Indigenous communities located in the far north of 

Queensland [194]. The primary objective of these installations was to decrease the reliance 

on diesel power. The project involved active participation and collaboration with the 

inhabitants [194]. By utilizing renewable energy sources such as solar power and battery 

storage, these remote communities experience several advantages which include job 

creation, cost savings in terms of energy consumption, and environmental benefits through 

reduced emissions [194]. 

Additionally, in the Australian state of Queensland the Small-scale Renewable Energy 

Scheme (SRES) offers a monetary incentive to encourage the installation of small-scale 

renewable energy systems [195]. This program targets households, small businesses, and 

community groups, providing support for eligible systems which include solar photovoltaic 

(PV) systems or small-scale wind systems [195]. This incentive is in the form of small-scale 

technology certificates (STCs). By creating and surrendering STCs, liable entities under the 

Renewable Energy Target legislation fulfil their legal obligation to support the scheme [196]. 

The renewable electricity generated by these systems replaces electricity sourced from non-

renewable sources, contributing to the reduction of greenhouse gas emissions [196] [197]. 

These schemes cannot be comparable, mainly because the Spanish scheme of CE 

IMPLEMENTA covers a broader aspect of self-consumption, and the funding is greater also 

because of the EU’s nudging. However, the other three government schemes chosen are 

more specific than the first one in terms of the types of installation they cover, nevertheless, 

those still promote self-consumption but with less funding. A summary of this subsection 

can be observed in Table 17. 
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Table 17: Type of government schemes and their funding. 

 Spain UK California Queensland 

Government 

scheme 

CE 

IMPLEMENTA 

Good growth 

strategy to 

mitigate the 

cost of living 

California 

electric homes 

program 

Decarbonising 

remote 

communities 

Funding 

available 
€130 million £5.5 million $7.5 million $3.6 million 

 

4.2.1.2 ENERGY SURPLUS EXPORTED TO THE GRID 

In Spain, the RD 244/2019, establishes the possibility of energy communities with or without 

surplus injected to the grid. In self-consumption without surplus, a mechanism must be 

installed to prevent any excess energy from being injected into the grid. Self-consumption 

with surplus allows for the injection of excess energy into the grid [34]. Those that have 

signed a contract for the compensation of surplus self-consumption can enroll in the 

compensation mechanism as long as they meet the specific requirements [176]. To be 

eligible, the renewable energy generation system must come from a renewable source and 

the power capacity of the system should not exceed 100 kW. No additional special payment 

scheme should be assigned to the installation [176]. A surplus self-consumption 

compensation agreement must be signed between the supplier and the consumer, even if they 

are the same entity [176]. The value of the energy produced but not used cannot exceed the 

value of the energy consumed from the grid during the billing period. The energy generated 

but not consumed is not counted as part of the electricity supply and is exempt from 

government charges [176]. With this decree-law the government promotes the development 

of energy communities and enables them to participate in the electricity market [34]. 
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The United Kingdom, there is program called the Smart Export Guarantee (SEG), it was 

introduced after the withdrawal of the feed-in tariff to place value on electricity exported to 

the grid and ensure that larger suppliers offer consumers export tariffs [165]. SEG generators 

are paid by the designated SEG Licensee, which is an electricity supplier, for the electricity 

they export back to the National Grid [181]. The government aims to facilitate the transition 

to a smarter, cleaner energy system by compensating small-scale generators for the value of 

their exported electricity and enhancing their role in driving a smarter energy system [198]. 

The payment rate, duration of the contract, and other conditions are set by SEG Licensees. 

SEG tariff rates must constantly be higher than zero [181]. SEG payments are computed 

using readings from export meters. Individuals that can benefit from this are those with 

renewable energy installations with a capacity up to 5 MW [181]. This scheme ensures that 

small-scale low-carbon generators are compensated for the electricity they export to the grid 

[199]. 

In California, as mentioned previously in this same chapter, the program supported by the 

CPUC, the Net Energy Metering, which plays an important role in promoting renewable 

energy systems [177]. Participating customers under Net Energy Metering (NEM) tariffs 

receive a credit on their bill for any surplus electricity they generate and export to the grid 

when their energy consumption comes from renewable sources [200]. 

Finally, in the case of Queensland an individual’s solar system can be connected to the grid 

[201]. Thanks to net metering the quantity of solar energy exported back to the grid can be 

recorded, when solar panels generate more energy than the community requires [202]. Net 

billing is the system through which members of the community are compensated for surplus 

energy generated by their solar panels and supplied to the grid [202]. However, the payment 

rate for this excess energy is typically lower than the rate charged for energy consumed by 

the household [202]. 
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The four regions chosen for the study possess a compensation mechanism for any surplus of 

energy generated in their self-consumption systems. These type of incentive is not actual 

money that the individual receives but it is a discount for their energy bill. A summary of 

the information gathered in this section can be found in Table 18. 

Table 18: Surplus generation compensation. 

 Spain UK California Queensland 

Credit for 

surplus 

exported 

Yes Yes Yes Yes 

 

4.2.2 TAX ADVANTAGES 

Tax advantages refer to the various benefits and incentives provided by tax regulations and 

policies that specifically support community energy projects. These benefits can take the 

form of tax deductions, exemptions, or other mechanisms that lessen the tax burden on CE 

initiatives. Community energy projects are more financially viable and appealing to 

individuals, communities, and investors when the following tax benefits are available. 

4.2.2.1 FEED-IN TARIFF 

Feed-in tariffs (FiT) are designed to encourage the production of electricity specifically 

using renewable energy sources and to encourage the implementation of renewable energy 

systems among households and communities [203]. Feed-in tariffs for solar energy are the 

payments that electricity suppliers make to consumers who have solar PV systems and export 

excess energy to the grid [204]. In Spain, the new legal framework for self-consumption 

includes a provision for compensating exported energy through a net billing mechanism 

based on market prices is defined [157]. The remuneration takes the form of a discount on 
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the electricity bill, ensuring that consumers pay for the difference between the economic 

value of the energy consumed and the economic value of the energy exported to the grid. 

This monthly difference cannot be negative [157]. 

The UK government has developed several policies and regulations to encourage the 

adoption of renewable energy. The Feed-in Tariff (FiT) subsidy, which started in April 2010, 

was reduced in value over time and was withdrawn completely at the end of March 2019 

[165]. It was designed to provide financial incentives to households, businesses and 

communities that installed renewable energy technologies such as solar PV panels, wind 

turbines and hydroelectricity generators [165]. The FiT scheme was closed as it had achieved 

the objective of driving down the cost of renewable energy [165]. This resulted in a decrease 

in the attractiveness of investing in solar panel arrays [203]. The FiT provided subsidies for 

small-scale generation projects in the United Kingdom with installed capacity bellow 5 MW 

[165]. Now it has been replaced by the SEG scheme mentioned earlier [165]. 

The case of California in 2013, the AB 1969 Feed-in Tariff Program was substituted by the 

Renewable Market Adjusting Tariff (ReMAT) Program. The CPUC’s Renewables Portfolio 

Standard targets are based on the electricity produced as part of the ReMAT initiative [205]. 

This program offers a feed-in tariff for small renewable generators with a capacity of less 

than 3 MW [205]. 

To finalize, in order to establish a national FiT program, promote, and give financial 

assistance for solar PV devices that connect to and feed energy back into the grid, the 

Renewable Energy Amendment Bill was launched in Australia in 2008 [203]. This scheme 

in the case of Queensland kept reducing the compensation of installing solar PV systems. 

Nevertheless, the introduction of FiTs in Queensland led to a significant rise in residential 

solar PV systems [203]. However, it is important to note that the adoption of residential PV 
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systems is influenced by various factors and FiTs alone cannot account for the entire increase 

[203]. In 2021-22, there was a continued growth in the number of retailers providing retail 

plans with feed-in tariffs [204]. Specifically, for residential and small business customers in 

Southeast Queensland, the number of retailers offering feed-in tariffs increased. 

Additionally, the average residential feed-in tariffs saw a decline during the same period 

[204]. A summary of the information gathered in this subsection is presented in Table 19. 

Table 19: Tariffs for a CE. 

 Spain UK California Queensland 

Feed.in tariff in 

force 
No No No Yes 

Other type of 

tariff 
RD 244/2019 SEG ReMAT -1 

 

4.2.2.2 OTHER TAX INCENTIVES OR TAX RELIEFS 

In the case of Spain, the income tax deduction for installing solar panels entails that if your 

home or community of property owners has photovoltaic solar panels, there is a possibility 

of a deduction between 20% and 60% from the total amount of the investment made in 

improving the energy efficiency of the house or building on your Personal Income Tax, or 

in Spanish “Impuesto sobre la renta de las personas físicas” (IRPF) return [206]. The 

reduction applied to the IRPF depends on the energy efficiency of the community after the 

solar panels have been installed, this has to be at least of a 7% in order to be eligible [206]. 

In the United Kingdom there were two support systems of tax deduction, the Enterprise 

Investment Scheme (EIS) tax relief and the Social Investment Tax Relief (SITR) that 

community energy projects could access, however in 2015 investors in these projects were 

excluded from the opportunity to enter this scheme [207]. Nevertheless, there is a reduction 
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in the value added tax (VAT) on energy-saving products, which include solar panels or wind 

turbines. Energy efficiency and renewable energy installations will be rewarded by a 0% 

VAT [208]. 

To continue with California, there is a program called “Active solar energy systems new 

construction exclusion”, it is a tax law that exempts the added value of active solar energy 

systems from property tax assessments, which means that the property tax assessment does 

not consider the added value contributed by the solar energy system [209]. It is interesting 

to highlight that there used to be a program called the California Solar Initiative (CSI) 

General Market Program that concluded in December 2016 [210]. Although California 

remains dedicated to promoting clean and renewable energy, the substantial decrease in 

equipment prices and market transformation suggest according to the CPUC, that direct 

incentives are no longer required [210]. 

Regarding energy communities, it is important to highlight the policy implemented by the 

federal government of the Investment Tax Credit (ITC) which was introduced in 2006, and 

allowed a tax deduction of up to 30% of the solar photovoltaic system cost [89]. The ITC is 

an income tax, it has been modified and extended several times. The federal government's 

tax credits for wind and solar energy may be responsible for the rise in renewable energy in 

the U.S. [89]. The Inflation Reduction Act (IRA), signed by President Biden in August 2022, 

expanded the Federal Tax Credit for Solar Photovoltaics, which deduction had been 

previously reduced. The act increased the ITC amount and extended its timeline from 2022 

to 2034 [211]. 

A synthesized version of this subsection can be observed in the Table 20 where the tax reliefs 

are presented. 
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Table 20: Tax deductions for the implementation of CE projects. 

 Spain UK California Queensland* 

Tax deduction Income tax 
Value added 

tax 
Income tax -1 

 

To finalize this chapter, a summary of the tax advantages provided by the installation of 

energy communities in the four administrations of interest can be found in Table 21. 

Table 21: Summary of tax advantages 

 

4.2.3 SOCIO-ECONOMIC ADVANTAGES 

Thanks to the reduction of the prices of renewable energy, the implementation of energy 

communities can be benefited [212]. 

Regarding the community energy, UK’s policies and incentives aim to reduce carbon 

emissions and replace fossil fuels, while also promoting the potential of renewable energy 

technologies to strengthen communities [213]. By promoting ownership of renewables, it is 

believed that local communities can increase their capacity and financial autonomy to 

address their own needs [213]. The first national Community Energy Policy Statement 

envisions a central role for community and local energy in the future energy system, with 
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the potential to create socio-economic benefits and maximize the value of energy generated 

through community-based organizations [213]. 

In the case of the United States, according to the Energy Communities Interagency Working 

Group (IWG), energy communities generate new employment possibilities in the clean 

energy sector across the US while easing the transition to clean energy by lowering energy 

costs while improving energy security [214]. The growth of energy communities can create 

local jobs and stimulate economic development [214]. 

In summary, energy communities can provide economic benefits to local communities by 

offering a cheaper and cleaner alternative to traditional energy providers [135]. An empirical 

analysis published by the scientific magazine Energy demonstrates the effect that the usage 

of renewable energy, which Australia has already shifted toward, has a favorable and 

significant impact on economic growth [135]. 
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CHAPTER 5: DISCUSSION 

The community energy concept is one that has not been defined in the same way in every 

part of the world and far less is regulated by the same laws.  

5.1 LACK OF DEFINITION OF THE TERM “COMMUNITY ENERGY” 

In the literature review it has been observed that community energy projects in Spain, the 

UK, the US and Australia receive different terms, such as community renewable energy, 

energy communities, citizen energy, local energy communities and others, making the 

process of unifying the knowledge about this concept even harder. However, what has been 

extracted as the main idea that encapsulates the overall term of community energy is a group 

of people or an individual who takes advantage of the energy generated in their property by 

renewable sources that can include for instance solar, wind or hydro power, but not limited 

to those. 

The uncertainty in the definition of the term “community energy” does not help with making 

it a well-known mechanism. In this regard the different regions that have been treated in this 

project treat CE differently. This implies lack of clarity regarding its specific meaning 

leading to ambiguity in its application. A solution to this problem would be to give 

community energy a strict definition and delimit the concept to reduce the differing 

interpretation of what constitutes community energy. 
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5.2 CE LEGAL FRAMEWORK 

Governments are trying to promote CE initiatives, especially in Spain, encouraged by the 

measures adopted by the European Union, that recognized the figure of EC in 2019 and 

established a specific framework that addresses the concept of energy communities. 

California similar to Spain counts with a legal framework that admits CE. In the UK as 

mentioned in the project there is no specific legislation that regulates these initiatives, 

Queensland likewise. The governments in the UK or Queensland are pushing the 

development of CEs but still do not have a concise regulation to do so. 

In order to advance, community energy must face several obstacles mainly related to the 

policymaking process. It is challenging to achieve regulatory measures that satisfy energy 

communities’ requirements. Countries inside the European Union are progressing faster than 

others, as it occurs in the case of Spain where there is specific legislation to regulate self-

consumption and particularly community energy projects. Regions like Queensland or the 

UK should come into a political agreement and establish a solid legal framework for the 

development of energy communities in order to reach the level of those jurisdictions that are 

more advanced in this relevant and beneficial instrument. 

5.3 GUIDE ON SELF-CONSUMPTION 

Another issue deserving attention is that the guides on self-consumption provided by the 

government or cooperatives in the cases of Queensland and the United Kingdom are 

outdated, whereas in California or Spain these consumers’ guides provide useful and reliable 

information on the subject. To promote the development of CE it seems critical that 
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governments or private entities provide the potential consumers with useful and accessible 

information on their implementation. 

5.4 NUMBER OF CE PROJECTS 

It is also interesting that even though there is not an actual solid regulation for CE projects 

in the UK, it has more than seven times the number of energy communities than Spain and 

only its population is only 1.4 times bigger than the Spanish one. This could be because the 

CE IMPLEMENTA first two announcements are quite recent (2022) and the funding was 

capped at € 130 million. The next two calls took place on February 2023; therefore, after the 

development of the existing CEs, and counting with the legal framework established, 

consumers in Spain could consider investing in implementing their own community energy. 

5.5 GOVERNMENT FUNDING 

Regarding the different incentives in each place, governments as stated before are interested 

in making renewables more attractive to consumers so other than creating a stable legal 

framework, this can be done through funding. Spain seems to have benefited from the help 

of the European Union who has invested in promoting the community energy initiatives, 

together with other projects that encourage the use of renewable sources. The governments 

in the UK, California and Queensland offer those who are interested different schemes to 

fund projects that reduce emissions in the residential sector by for example installing energy 

efficiency or storage systems in California. In the UK, Ofgem supports the adoption of 

renewable heating in households. These last examples are not specific funds for CE projects 

but still benefit those interested in investing in renewable energy. However, it is noteworthy 

to highlight that the EU has a positive impact in Spain. 
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5.6 SURPLUS OF ENERGY EXPORTED TO THE GRID 

Another point of interest is that nowadays the energy generated in an individual’s property 

can be injected back to the grid. In Spain, until 2018, this was not an option. However, to 

the present in the four regions studied it is a given. Not only that, but there is compensation 

when there is a surplus of generation. This seems to be a very attractive incentive, as 

customers can lower the price of their energy bill and when not all the electricity generated 

is needed, they can receive a profit in the form of a discount. Net metering has helped the 

system to regulate when there are surpluses, and it is the method of compensation used in 

California and Spain. This compensation is in some jurisdictions known as a feed-in tariff, 

however it does not seem to work everywhere, in the United Kingdom it was withdrawn in 

2019 and in California it was also substituted, claiming that it had fulfilled its objective to 

lower the cost of renewables. Queensland is the only of the four regions that still holds an 

active feed-in tariff for excess of energy generated and it does seem to be working as 

residential PV systems are becoming more popular. 

5.7 RENEWABLE RESOURCES 

To continue with this discussion, it is interesting to note that solar energy is the most 

common of the renewable resources, not in electricity generation, as that is wind in the case 

of the four regions studied but in the way that it is the most incentivized source. It seems that 

many government schemes are exclusive for solar PV systems. This is an advantage for 

Spain, California and Queensland, as they receive a very high solar irradiation but the United 

Kingdom is not as benefited from this which is why not as many schemes and initiatives in 

the UK’s government concern solar photovoltaic installations compared to the other three 

places mentioned. 
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As a result of EU’s support Spain seems to be more advanced than the three other 

administration when it comes to CE initiatives. It is second to the UK of these regions 

regarding renewable energy generation, Queensland is last but not comparable as the number 

of people is considerably smaller. Leaving the generation of renewable energy aside, Spain 

has shown a more reliable and stable path for the development of CE. This encourages 

consumers to investigate about the subject and that is already a step closer to becoming 

familiar with this initiative that is so little exploited and has so many benefits. An example 

is that it can bring a country closer to the net zero objective and the renewable generation 

targets for the energy transition. 

The world paradigm is shifting towards a sustainable version, where the traditional ways of 

energy are seen as a step back from the place the world wants to become. All around the 

globe the proportion of renewable energy generation has grown significantly and targets like 

the Net Zero strategy for 2050 are encouraging those countries that have been kept behind 

in the energy transition. Similarly, the consumption of renewable sources in the final energy 

consumption has increased in the last decade leaving outside the power mix some of the 

sources linked to the aggravation of climate change. 

The regulation of energy communities is something that still needs to be improved. The idea 

of it exists in Spain, the UK, California and Queensland, however, in order to properly 

exploit its benefits a coherent and specific regulation is necessary, especially in the UK and 

in Queensland where there are no laws that encapsulate specifically the term. Something that 

has been found of extreme aid is a self-consumption guide, that consumers or individuals 

interested can consult when required. 

The cost of renewables is decreasing and consumers should take advantage of this. 

Community energy is characterized by the individuals’ participation and its democratic 
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control, so a good way to benefit from these reductions of price is by developing an energy 

community. Favoring by the less expensive cost of installing a renewable system in their 

property together with the already existing incentives should encourage consumers. 

Governments should seize the opportunity and promote now the concept of community 

energy, pursuing therefore their efforts to mitigate climate change, but now with the help of 

the citizens. 

When the study was started the UK, California and Queensland would be more advanced in 

the subject of community energy, that Spain would be the region that needed to speed up in 

the transition and modernization, however it seems that this turned out to be wrong. After 

this semester studying the matter, analyzing the data and existing literature we may conclude 

that Spain is currently the most structured in the subject of community energy, it counts with 

a well-regulated framework as well as, incentives to fund projects or deduct taxes. But the 

main difference is clearly the regulation, a firm and clear law where the most relevant issues 

are covered, in my opinion that is what the other regions are missing, especially the United 

Kingdom and Queensland. This does not mean that CE has not been developed in the other 

three places, only that the concept is too broad and clarifications in the regulation would help 

its promotion. 

In conclusion a well-established legal framework and attractive incentives, together with the 

reduction of the cost of renewable sources technology is the perfect recipe for a successful 

nudge towards a world where community energy projects are normalized. 
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CHAPTER 6: CONCLUSION 

In this study we have explored and analyzed the regulatory framework and the incentives 

that concern energy communities. To do so, four regions have been chosen to focus the 

study, these are Spain, the United Kingdom, California and Queensland. By examining the 

legislative framework, incentive programs and policy approaches in these jurisdictions, a 

comprehensive understanding of the current state of community energy initiatives has been 

achieved. 

In the third chapter of the document the aim has been to contextualize the actual situation of 

the energy sector in each of the administrations mentioned. A PESTLE analysis of this matter 

has been done in order to obtain a deeper understanding of the factors that influence it. In 

this type of investigation, a thorough study of the political, economic, sociocultural, 

technological, legal and environmental aspects of the energy sector is carried out so as to 

situate the reader and elaborate a more accurate and informed comparison. At the end of this 

chapter we contrast the information gathered from the analysis.  

From the political subsection we extract that the governments of Spain, the UK, California 

and Queensland are all promoting the use of renewable energy and they have all signed the 

Paris Agreement, which is an international treaty that aims to combat climate change by 

limiting global warming to below 2 degrees Celsius from pre-industrial levels as well as 

limit the temperature increase to 1.5 degrees Celsius. This shows the interest of the 

administrations in the mitigation of climate change. It has been proven that the use of 

renewable energy helps with this matter and therefore governments are encouraging its 

growth. Along with the Paris Agreement, the regions have established targets of renewable 

energy generation in order to achieve net zero emissions by 2050. The Spanish target for 
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2030 is a 74% of renewable generation, this is the most ambitious of the four, being the UK’s 

a 65% and California’s and Queensland’s 50%. From this it can be concluded that the 

political aspect of the energy sector is more determined in Spain, where the goals of 

renewable energy generation is the highest. 

In the economic subsection, it has been gathered that the clean energy sector does create job 

opportunities and that it is currently growing. It seems that the decrease in the exploitation 

of fossil fuels is a concern for unemployment, however, this can be compensated by the 

augment of renewable sources utilization. 

The sociocultural chapter offers the latest data available of the population in each of the 

regions studied in this document and the conclusion is that the population in Queensland is 

substantially smaller which affect the study, as its energy generation, consumption number 

of initiatives and financial aid is all affected by this. Countries like the UK or Spain are not 

comparable with a state such as Queensland where the population is around 9 times smaller. 

Similarly, the information about this region’s energy sector is less abundant and harder to 

access. 

To continue, the technological aspects of the energy sector are clearly advancing, a special 

focus on energy storage and energy saving has been done. This has helped with the 

generation of renewable energy which thanks to the advancement of technologies that 

concern solar and wind sources. These natural resources are the ones that generate the most 

energy in the four jurisdictions of interest. From this we can conclude that governments 

should invest more capital in the investigation and research of technologies that deploy solar 

and wind installations. 
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A conclusion that can be drawn from the environmental section of the document is that 

Queensland is from the regions studied the one that most consumes renewable energy. It is 

interesting and apparent that in the four jurisdictions fossil fuels are the most consumed 

sources and natural gas is in the top two of Spain, the UK and California. With Australia’s 

generation of coal, it is clear that that is one of the most consumed sources in Queensland 

From these chapter, the analysis of the energy sector in Spain, the United Kingdom, 

California and Queensland it can be concluded that all these regions are encouraging the use 

and exploitation of renewables and that the decrease of the prices of these sources is helping 

it happen. 

The fourth chapter of the document attends community energy specifically. Its regulation is 

studied first followed by the incentives. From the regulation analysis we can extract that it 

is not solid in Queensland and in the UK, as there is not a set legal framework for energy 

communities. The Spanish and the American government do count with particular laws for 

the concept, making it easier to regulate, explain to individuals and therefore, to promote the 

mechanism. The number of community energy for the case of California and Queensland is 

not available. It seems that in Queensland the term community energy is not as developed as 

in other administrations, as there is no actual regulation or much information about the 

subject. Along these lines, the Queensland guide on self-consumption is almost 10 years old 

and does not reflect the modifications that have been done in the matter of self-consumption 

or renewable resources that have been made since 2014. 

The incentives for the implementation of a community energy take the form of income, 

property or consumption taxes. The deduction of taxes is one of the ways the government 

promotes the installation of renewable systems. It seems that the feed-in tariff was only 

successful in Queensland; Spain, the United Kingdom and California withdrew theirs around 
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2019. It could be that other forms of incentives are more reliable, for example the income 

taxes that reduce the tax to pay when installations of self-consumption are made. In Spain 

with the return of the tax “Impuesto sobre la renta de las personas físicas” and California 

with its Investment Tax Credit, the government encourages community energy to evolve. 

Government schemes are also a way community energy is being incentivized. In the case of 

Spain there is a specific initiative that promotes community energy, called CE 

IMPLEMENTA. However, in the United Kingdom, California and Queensland no schemes 

have been launched that specifically target the mechanism of energy communities. Programs 

to encourage renewable energy generation do exist but in a more general way. 

Finally, from the information gathered we can conclude that the growth of community 

energy heavily relies on the government of the region. The power to create a stable and 

concise regulation is in their hands and that would help and attract more customers. The 

government schemes to encourage implementation of community energy have room for 

improvement, even though they exist, a similar program like CE IMPLEMENTA offered in 

Spain would be powerful in the United Kingdom, California and Queensland. In conclusion, 

energy communities present financial advantages like tax deductions that would be worth 

the initial investment, however these advantages can still improve making this mechanism 

more attractive. By leveraging the lessons learned from these regions, a more sustainable 

and inclusive energy future can be realized through the implementation of community 

energy projects, benefitting both the environment and the local communities. 
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