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AABSTRACT 

Climate change, strong dependence on non-renewable energy sources and alarming lev-
els of global energy poverty: the current scenario highlights the profound need for an energy 
transition, emphasizing energy efficiency procedures and increasing the share of renewable 
energy sources in the global energy systems. However, this process should occur in a fair way, 
where the citizens should have an active voice in the decisions. Citizens will no longer be seen 
only as energy consumers, but increasingly, they will have the knowledge and foundation to 
be part of this transition, as well through distributed generation systems. 

In this context, local collective energy initiatives play a key role in increasing energy citi-
zenship, primarily through Renewable Energy Communities. Albeit it is a very broad and diverse 
concept, the expansion of these communities entails various economic, social, and financial 
benefits for the locals, in addition to potentially reducing energy poverty and increasing energy 
justice.  

This dissertation aims to present a broad review of the concept of a Renewable Energy 
Community focused on the European and Portuguese context, and it interlinks with associated 
topics such as energy poverty, energy citizenship and distributed generation. In addition, it 
systematizes a set of study cases to uncover key activities, technologies, advantages and chal-
lenges and to explain how these organizations work to reduce energy poverty and increase 
citizen participation. In this context, a real-world study case is explored in detail through the 
Telheiras Renewable Energy Community development, where the implementation process was 
followed and is reported and key outputs include photovoltaic simulations carried out in six 
buildings of the community. 

Keywords: Renewable energy community, energy transition, energy poverty, energy de-
mocracy, renewable energy, solar photovoltaic.
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RRESUMO 

Mudanças climáticas, forte dependência de fontes não renováveis e níveis alarmantes de 
pobreza energética global: o cenário atual evidencia a profunda necessidade de uma transição 
energética, enfatizando práticas de eficiência energética e aumentando a participação de 
fontes renováveis na matriz. No entendo, este processo deve ocorrer de forma justa, onde os 
cidadãos devem ter voz ativa nas decisões associadas. O cidadão não será mais visto apenas 
como um consumidos de energia, mas, cada vez mais, terá conhecimento e fundamentos para 
fazer parte dessa transição, também por meio de sistemas de geração distribuída. 

Neste contexto, as iniciativas coletivas locais de energia desempenham um papel 
fundamental no aumento da cidadania energética, especialmente através das Comunidades 
de Energia Renovável. Embora seja um conceito muito amplo e diverso, a expansão dessas 
comunidades traz diversos benefícios económicos, sociais e financeiros para os habitantes 
locais, além de potencialmente reduzir a pobreza energética e aumentar a justiça energética. 

Esta dissertação tem como objetivo apresentar uma revisão ampla do conceito de 
Comunidades de Energia Renovável centrada no contexto europeu e português, e articula com 
temas associados como a pobreza energética, cidadania energética e geração distribuída. Além 
disso, sistematiza um conjunto de casos de estudo para revelar as principais atividades, 
tecnologias, vantagens e desafios e explicar as formas pelas quais essas organizações 
trabalham para reduzir a pobreza energética e aumentar a participação cidadã. Neste contexto, 
é explorado em detalhe um caso de estudo através da Comunidade de Energia Renovável de 
Telheiras, onde foi acompanhado e reportado o processo de implementação e os principais 
resultados incluem simulações fotovoltaicas realizadas em seis edifícios locais da comunidade. 

Palavas chave: Comunidade de energia renovável, transição energética, pobreza 
energética, democracia energética, energia renovável, energia solar fotovoltaica. 
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INTRODUCTION 

This initial chapter encompasses the context of this dissertation, the objectives and mo-
tivations of this study and its structure. 

1.1 Context 

The energy transition towards renewable energy sources, reduction of global warming 
effects, and achievement of sustainable development are some of the most important goals of 
this century. The search to achieve the well-known concept of sustainable development that 
meets the needs of the present without compromising the ability of future generations to meet 
their own needs, based on three main pillars - namely, social, economic, and ecological - is a 
complex process that involves many different players and approaches (Ruggerio, 2021). 

In this scenario, the change in the world energy matrix, to increase the share of renewable 
energy sources and reduce the dependence on fossil fuels, is crucial. The constant increase of 
the planet's population and energy per capita demand, associated with the excessive burning 
of fossil fuels, leads to the depletion of natural resources, and an increase of the average global 
temperatures, due to the significant enlargement of carbon dioxide emissions, leading the 
world to an imminent energy crisis (Chevalier, 2009).  

Analyzing how this energy is consumed is also a crucial factor: energy efficiency reduces 
carbon dioxide emissions as it reduces the demand for energy in different sectors (residential, 
industrial, commercial, and agricultural) (Zakari et al., 2022). According to the Dutch concept 
of Trias Energetica, reduction of energy demand is the first step towards sustainability, as it 
says that the first step is to minimize the energy demand and, only after that, use renewable 
energy sources for supply and fossil fuels as cleanly and efficiently as possible (Alavirad et al., 
2022). 
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In this context, governments and associated institutions play a significant role in mitigat-
ing climate change. The first important step in agreements and directives took place in 1992 
with the United Nations Framework Convention on Climate Change (UNFCCC), where the ob-
jective was "to stabilize greenhouse gas emissions in the atmosphere at a level that will prevent 
dangerous human interference with the climate system, in a time frame which allows ecosys-
tems to adapt naturally and enables sustainable development" (UNFCC, 1992). This was the 
first time a document was signed aiming to reduce climate change, where developed and de-
veloping countries had different responsibilities (Legett, 2020). 

Further, in 1998, the Kyoto Protocol was signed, obligating 37 developed countries in the 
UNFCCC to reduce greenhouse gas emissions by 5% below their 1990 levels, which entered 
into force in 2005 (UNFCC, 1998).  

But the most significant toward reducing the effects of climate change took place in Paris, 
in 2015, where 196 countries signed the Paris Climate Agreement, as it can be considered the 
first agreement on climate change that firmly has a global scale (King, 2021). This document 
implies, among other goals, that the increase in the global average temperature must be well 
below 2ºC above pre-industrial levels and to pursue efforts to limit the temperature to rise to 
further than 1.5ºC. The countries must define their own emission goals in accordance with their 
capacity to do so (UNFCC, 2015).  

To discuss the guidelines and paths to support the goals of the Paris Agreement, signers 
met in 2018, in Katowice (Poland), and elaborated a scientific-based document known as the 
Katowice Package (Legett, 2020). Also in this conference, a special report was published by the 
Intergovernmental Panel on Climate Change (IPCC), establishing that the present scenario 
(2018) would not meet the goals of the agreement and, to do that, a reduction of 45% in total 
emissions by 2030 and 100% by 2055 is needed, as well as, at least, 32% share of renewable 
energy sources in final energy consumption (IPCC, 2018). 

Different approaches, methods, and lines of study have been developed to face the Paris 
Agreement goals, supported by governmental directives and laws. Even though the European 
Union (EU) is leading the governmental and institutional efforts, strategy development and 
production of scientific knowledge associated with the international climate policy, the region 
is not close to meet the climate targets of 2030 (Nikas et al., 2021).  

In this context, an important package of 8 new directives was approved in 2019 - the 
Clean Energy for All Europeans Package. Based on five pillars - namely, energy performance in 
buildings, renewable energy, energy efficiency, governance regulation, and electricity market 
design - this package confirms the leadership of EU's policy framework towards clean energy 
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and the Paris Agreement's goals. The Member States had 1-2 years to convert these eight new 
directives into national laws (European Commission, 2019).  

A summary of the new directives from the Clean Energy for All Europeans Package is 
shown in Figure 1.1. 

 

 

 
Important changes are presented in these directives, where more rights and participation 

were given to the citizens in terms of energy generation and consumption, reinforcing the 
concept of a citizen who consumes and produces electricity via distributed generation onsite, 
through a more integrated energy market inside the block (European Commission, 2019). The 
"Directive on Common Rules for the Internal Market for Electricity" (EU 2019/944) and the 
"Regulation on the Internal Market for Electricity" (EU 2019/943) introduced the citizen as an 
active and important player in the energy transition. Also, the "Renewable Energy Directive" 
(EU 2018/2001) plays an important role as it establishes a common framework for the promo-
tion of renewables, reinforcing the target of 32% share of renewable energy on the final energy 
consumption and imposing financial rules for supporting the development of renewable 
sources on electricity, transports, and heat and cooling sectors (Directive EU 2018/2001, 2018). 

Another important mark was announced at the end of 2019: the European Green Deal is 
a set of policies and strategies promoted by the European Commission to contain the threat 
of climate change, imposing the ambitious goal to make Europe the first climate-neutral con-
tinent by 2050 (no net emissions of greenhouse gases). This package involves more than just 
energy generation and consumption, but also encompasses agriculture, food waste, and recy-
cling, among other topics (European Commission, 2021). 

Figure 1.1 — Summary of the directives from the Clean Energy for All Europeans Package (2019). 
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At the moment, a set of proposals to revise EU legislation to meet the goal of a 55% 
reduction of emissions by 2030 is being done - the so-called Fit for 55 Package. Most of the 
directives presented in the Clean Energy for All Europeans Package are under revision, where 
topics as EU emissions trading system, emissions reduction targets, sustainable aviation fuel 
and renewable energy sources are analyzed aiming to achieve the respective goal for 2030 
(Schlake et al., 2022). 

However, the concept of a Renewable Energy Community appears only in July 2021, with 
the milestone of the revision of the "Renewable Energy Directive" (EU/2018/2001) - well known 
as RED II - which defines a REC as a citizen-driven energy action that contribute to the clean 
energy transition, advancing energy efficiency within local communities, where the goal is not 
financial profits, but benefits for the community itself (Revised Directive EU 2018/2001, 2021). 

Therefore, citizen participation through collective actions regarding energy consumption 
and renewable-based generation is crucial to meet the ambitious goals of the next decades, 
where Renewable Energy Communities symbolize an important factor for the worldwide deep 
energy transition. 

It is significant to point out that recent challenges are making even more difficult to meet 
all these goals, as the Covid-19 pandemic and conflicts on the European continent, as regula-
tion reviews and new packages are needed to take account of these recent difficulties. In the 
scenario of the Russian invasion of Ukraine, the European Commission approved the REPow-
erEU as a plan to phase out the European dependence on Russian fossil fuels - especially nat-
ural gas - providing more energy security and enhancing the share of renewables in the matrix 
(Deng et al., 2022).  

A timeline of the main agreements, directives, and packages regarding climate change 
in the European Union is presented in Figure 1.2.  

 

 
Figure 1.2 — Timeline of main actions regarding climate change (2022). 
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11.2 Objectives and Motivation  

Renewable Energy Communities may enhance citizen participation in the energy transi-
tion: these local actions can play a key role in providing energy democracy and decentraliza-
tion, where the needs of the individuals are considered in decisions about the electrical system. 
Therefore, RECs can also contribute to a fairer energy transition reducing energy poverty inside 
the community. Since it incorporates renewable energy generation, RECs contribute to increase 
the share of renewables in the final energy consumption matrix and decrease the effects of 
climate change through reducing the emissions associated with energy generation.  

Wherefore, studying and analyzing concepts, approaches, forms of implementation and 
real cases of Renewable Energy Communities is an important step for spreading this knowledge 
and helping the development of new RECs worldwide as an important player on energy tran-
sition and actions regarding the climate goals of the next decades. 

In relation to the Sustainable Development Goals (SDGs) of the 2030 Agenda, this dis-
sertation is linked to the following objectives: 1 (No Poverty), 7 (Affordable and Clean Energy), 
10 (Reduced Inequalities), 11 (Sustainable Cities and Communities), 12 (Responsible Consump-
tion and Production), 13 (Climate Action) and 17 (Partnership for Goals).  

A summary of the associated SDGs can be seen in Figure 1.3. 

 

 
The main objective of this dissertation is to provide a complete study of Renewable 

Energy Communities while following the development of a real implementation process (REC 
in Telheiras, Lisbon).  

To achieve this goal, secondary objectives include:  

Figure 1.3 — Summary of the SDGs linked to this dissertation (2022). 
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 Review of important concepts associated with Renewable Energy Communities, such as 
energy poverty, energy citizenship, prosumption and distributed generation, obtaining 
a brief review of each definition. 

 Overview of RECs in the European Union, regulatory framework of the Member States, 
characteristics of these organizations and European projects aiming the development 
of the concept. 

 Analysis of different types of RECs, their organization, structure, classification, and re-
newable energy source, resulting in a systematization - based on real cases - about how 
a Renewable Energy Community can de diverse and embracing. 

 Analysis of the implementation of a REC (associated benefits, most important chal-
lenges, and barriers) through the support of development of the study case REC in 
Telheiras Neighborhood. 

11.3 Structure 

To achieve the objectives defined in the previous section, this dissertation is divided into 
seven chapters, where the literature review is presented, as well as the study case, results, and 
final conclusions. 

The first chapter includes the introduction, where the context regarding climate change 
agreements and directives is presented. Also, the objectives and the motivation of this disser-
tation are listed. 

The second chapter explains important concepts for comprehending RECs and their im-
pact on the community and individuals: energy poverty, prosumption, and distributed gener-
ation. 

The third chapter starts with the definition of a REC, followed by a broad overview of 
RECs in the European Union, where statistics and data about regulation and projects for devel-
oping these energy communities are shown. Also, characteristics and important aspects of the 
most common renewable energy systems applied to RECs - namely, solar photovoltaics and 
wind energy - are presented, as well as the main advantages and barriers/challenges of the 
implementation process of a REC. Finally, a classification regarding four main criteria is shown, 
with associated real cases of Renewable Energy Communities. 

In the fourth chapter, the methodology of the analysis and development of the study 
case are presented, with a complete explanation of the methods and study process used for 
the present dissertation. 
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In the fifth chapter, the study case of Telheiras neighborhood is presented, starting with 
a general overview of the area and its pioneering in sustainability, as well as the creation pro-
cess of a REC, its organizational structure, important partnerships, local energy poverty analysis, 
pilot project of the REC and its local communication and engagement plan. 

The sixth chapter brings the results and discussion obtained through the study case, 
based on three main topics: photovoltaic systems sizing and simulations, systematizing/analy-
sis of the REC Telheiras and comparison with other real cases and the challenges/next steps 
for the study case. 

The seventh and last chapter brings the conclusions of the dissertation and opportunities 
for new studies and analysis associated with Renewable Energy Communities. 
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22 
 

INITIAL CONCEPTS 

In this chapter, initial concepts that are important for the full comprehension of the en-
ergy transition process and Renewable Energy Communities will be presented and defined - 
namely, energy poverty, energy citizenship, prosumption and distributed generation - where 
it ends with definitions of a REC itself. 

2.1 Energy Poverty 

According to the WEC (2022), the main dimensions regarding energy analysis are based 
on three topics - the so-called World Energy Trilemma Index: energy security, environmental 
sustainability, and energy equity - which are graded and have a value based on a percentual 
scale on each dimension, where energy comparisons and analysis of evolution can be done 
worldwide. Energy security is linked to the capacity of a country to supply the energy demand 
now and in the future in a reliable way. Environmental sustainability is associated with the 
transition of the national energy system to reduce climate change impacts. Finally, energy eq-
uity is linked to the ability to provide access by all the population to affordable energy with 
righteous tariffs. A balance between these three dimensions must be done to meet a reliable, 
affordable, fair, and sustainable energy system. Figure 2.1 brings a diagram of the World Energy 
Trilemma Index. 

 Repeatedly, governments and authorities give much attention to the dimensions of en-
ergy security and environmental sustainability, but less effort has been attributed to energy 
equity, which may lead to energy poverty. The concept of energy poverty itself is much diverse 
and wide, where some differences in this definition are observed between developed and de-
veloping countries (Zhao et al., 2022). 
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The first definition of energy poverty was done in 1979, in a context of the historical 

petroleum crisis and the drastic increase in prices related to energy sources (Castaño-Rosa et 
al., 2018) but, in general, energy poverty definitions are related to the inability to consume 
energy services at a level that meets certain basic needs (González-Eguino, 2015). The concept 
of energy poverty in developed countries is linked to three main pillars: 
 
aa) High Energy Prices 
 Connection to the grid costs and energy tariffs needs to be affordable for general peo-
ple for reducing energy poverty - in a simple way, if vulnerable citizens cannot afford the elec-
tricity prices and the costs associated with their connection to the electrical system, these per-
sons will simply consume as little as possible or not even consume, leaving aside basic needs 
associated with cooking and cooling and heating systems (Brown et al., 2020).  
 The concept of energy affordability is associated to the ease with which consumers can 
pay for energy services. In the household environment, high energy prices and costs are asso-
ciated with lower consumption or even disconnections/service interruptions - a vulnerable con-
sumer can decide to disconnect and live without electricity for a period or find another alter-
native for supply due to an extreme enhance of energy costs (Jessel, Sawyer & Hernandéz, 
2019). Increases in energy prices have also important effects on energy consumption, economic 
growth, and urbanization, where the variations of prices will affect the long-term development 
of a specific country or block (Wang et al., 2019). 
 Here, it is also important to refer that high energy prices are also an important pillar of 
energy poverty in developing countries. 

Figure 2.1 — World Energy Trilemma Index (2023). 
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bb) Household low Income 
 A low household income will be translated as more difficult to pay for basic needs re-
lated with energy, such as energy bills and efficient equipment, where energy comfortable 
starts to be a problem associated with its affordability. In this scenario, the priority of the in-
come will be destined to other basic needs, such as rent, food and water, where enhancing the 
costs with energy to promote a more comfortable environment is not an option (Igawa & 
Managi, 2022). 
 Especially in the European Union, costs associated with high rent values arising from 
strong migratory waves and high population concentration in urban centers, recent high infla-
tion rates arising from the post Covid-19 pandemic scenario, enhancement of the energy costs 
due to the Russian invasion of Ukraine and low wage readjustment rates turns the income an 
important factor associated with energy poverty. 
 
c) Low efficiency of buildings and equipment 
 Along with transportation and industry, buildings are one of the three main sectors in 
final energy consumption. Reducing energy consumption in a building is strongly associated 
with energy efficiency procedures and interventions, and architectural techniques in the project 
phase (Belussi et al., 2019). In a simple way, energy efficiency in the building sector is based on 
using less energy for operations, but not compromising the comfort of the occupants. In this 
context, many legislations and directives were created aiming to set targets and obligations 
for the construction sector, to increase the associated efficiency (Ruparathna, Hewage & Sadiq, 
2016).  
 Especially in the European Union, old residential buildings represent a significant por-
tion of the architectural landscape and patrimony of the cities, being truly marks of the histor-
ical development of the continent. However, this aging process is strongly linked to lower en-
ergy performances, where more energy is needed for basic operations, as heat and cooling 
systems and ventilation. Furthermore, in many cases, a complete retrofit is needed, where pre-
carious housing conditions are evidenced (Marques et al., 2018). For a vulnerable consumer, 
this lower energy efficiency in the household environment leads to higher energy costs for 
basic operations (in comparison to another consumer who lives in a more efficient building), 
resulting in a decrease in energy consumption at the expense of the resident comfort.  
 The constant increase in equipment efficiency in a household environment is also an 
important topic associated with energy poverty. For the present time, the quality of an equip-
ment is strongly associated with its efficiency and energy consumption, especially for the 
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electric ones. This increase in efficiency occurs due to technological innovations resulted from 
massive investments in research and development made by large companies, which also in-
creases the final price for the consumer (Fesenko et al., 2018).  

In this context, two scenarios may occur: i) poorer families will only be able to buy old 
or second-hand vital equipment with considerably lower efficiencies, resulting in higher energy 
costs for basic needs, such as food storage and cooking, and enhancement of energy poverty; 
or ii) families who face income growth will start to buy more household appliances, but will not 
be able to buy the most efficient ones, where these new goods may be not much efficient 
equipment that is not crucial for living but represents a certain degree of comfort, also resulting 
in higher energy costs. These scenarios sometimes are referred as the paradox of energy effi-
ciency and energy poverty in households (Simões & Leder, 2022). 

 
The concept of energy poverty in developing countries is linked to three main pillars: 

 
aa) High Energy Prices (as previously mentioned). 
b) Lack or insecurity in the energy supply 

Energy poverty is associated with the total absence of choice, where the lack or deficiency 
in energy supply leads to extreme harmful consequences to the citizens, economies, and gov-
ernments - a non-reliable energy system constraints the capacity of generating incomes of 
industrial and commercial sectors and causes inefficiency on public services, as the citizens will 
face not only household consumption problems, but troubles regarding financial inequalities, 
job offers and higher prices of goods, providing a vicious cycle (Adom et al., 2021).  
 Reliable access to electricity has an important linkage with the level of poverty in a 
country and its development, associated with devastating impacts on production and labor 
(significantly lower production efficiencies), education (deeply precarious educational systems 
that compromise the level of preparation and specialization of the youngest for the future in 
the labor market), medical (lack of reliability on medical infrastructure) and physical and mental 
health (efficient cooking systems, comfort provided through household cooling and heating, 
entertainment goods, access to information, among other factors) (Alam et al., 2018). 
 
c) Energy sources availability 

It is necessary to emphasize that primary energy sources are processed and, just after 
that, distributed and stored in different forms, such as electricity and heat. Commonly, wealth-
ier countries have more diversity in energy sources than others, where various ways of using 
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electricity for basic needs are presented, and the method of "processing" primary energy are 
realized - in some cases, like Qatar and Saudi Arabia, a huge part of their economy is based on 
energy sources like natural gas or crude oil.  On the other hand, poorer countries have very 
limited options for energy use or do not have the technology methods or infrastructure to take 
advantage of their natural energy sources, where energy poverty is presented on basic atti-
tudes as cooking only with wood, especially in rural areas - that is the case of some communi-
ties in African countries as Burkina Faso and Burundi (González-Eguino, 2015). 
 

A summary of these pillars associated with energy poverty in developed and develop-
ing countries can be seen, respectively, in Figure 2.2 and Figure 2.3. 

 

 

 

 

Figure 2.2 — Pillars of energy poverty (developed countries) (2023). 

Figure 2.3 — Pillars of energy poverty (developing countries) (2023). 
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22.2 Energy Citizenship 

Energy decentralization, democratization and citizen participation are crucial for the suc-
cess of the energy transition. This process of seeing a citizen not only as a simple consumer 
but as an active player and decision-maker on energy consumption and generation was em-
phasized in the Clean Energy Package (2019), where more rights and power were given to 
citizens. It is also clear that a fair energy transition will only occur if the needs of the consumers 
are considered, where collective energy actions and organizations - such as Renewable Energy 
Communities - gain more importance (Wahlund & Palm, 2022). 

The definition itself of energy citizenship is very broad and easily confused with energy 
democracy, involving decentralized generation, renewable energy systems, and energy effi-
ciency. A pillar of this concept is the emphasis on energy literacy, where an energy citizen can 
act on small scale - such as households energy efficiency practices - or large scale - such as 
becoming part of activists’ groups associated with clean energy policies and democracy on 
energy transition (Ryghaug, Sjølsvold & Heidenrich, 2018).  

According to Beauchampet & Walsh (2021), energy citizenship also highlights the in-
crease of citizens' social and environmental responsibilities, as they respond to their way of 
energy consumption as starting to have an active role in the energy-related questions.  

However, one of the most accepted definitions is that energy citizenship is "a view of the 
public that emphasizes awareness of responsibility for climate change, equity and justice (…) 
and the potential for (collective) energy actions" (Devine-Wright, 2007, p. 72). 

There is an important link between energy citizenship and energy poverty. As this em-
powerment process depends on knowledge and information, social and economic inequalities 
can provide exclusion of some individuals from the energy transition - most of the times, these 
will be the ones who suffer the most from energy poverty and vulnerability (Lennon et al., 
2020). However, if this process focuses in a collective way rather than on individuals, energy 
citizenship can give voice to the energy-poor by providing knowledge and supporting them to 
become active players in the transition, where energy poverty will be reduced through this 
social approach of citizenship (Sanz-Hernandéz, 2019). 

DellaValle & Czako (2022)  provide a concept that the citizens who face energy poverty 
have three levels of energetic empowerment to play a key role in the energy transition: a con-
sumer, a consumer with needs and an energy citizen. An overview of this levels is presented in 
Figure 2.4. 
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aa) Consumer 
 Basically, a consumer is a citizen who consumes and pays for electricity. Here, empow-
erment can be done by simple measures that provide ways to make better consumption deci-
sions, household energy efficiency measures and procedures, also with smarter investment 
choices (Coy, Malekpour & Saeri, 2022).  
- Empowerment channels examples: energy advice by an external advisor, smart-meter based 
feedback and Energy Living Labs (laboratories to promote behavior change, give support to 
small enterprises regarding green energy and promote energy savings/efficiency) (Sahakian & 
Wilhite, 2014). 
 
b) Consumer with needs 
 The consumer understands and recognizes his energy needs, where citizen participa-
tion is given through the insertion of these needs and interests in the energy system, which 
can be done by intermediate actors in positions of decision-making, representing consumers 
(Schwarz, 2020). 
- Empowerment channel examples: tailored energy advice, training of energy actors, innovative 
financing, and business models. 
 
c) Energy citizen 
 The last empowerment level is reached when citizens are exposed to mechanisms that 
enable them to become decision-makers in the energy transition, where they can participate, 
with knowledge, in social, economic, and technical changes (Berka & Creamer, 2018). 

Figure 2.4 — Levels of energy citizenship (2023). 
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-- Empowerment channel examples: individual and collective prosumption, energy citizenship 
dialogues. 

2.3 Prosumption and Distributed Generation 

The word "prosumption" itself means the union of energy production and consumption, 
meaning the scenario where a simple consumer starts to generate energy - mostly, through 
renewable energy sources - and becomes, at the same time, consumer, and producer of elec-
tricity. In this scenario, solar photovoltaic (PV) systems play a leading role, where the ease of 
the installation process, constant decrease in the average cost of equipment, low average pay-
back times and an increasingly popular acceptance of this renewable energy source are the 
main reasons of this current trend on prosumption based on PV panels on rooftops (Bellekom, 
Arentsen & van Gorkum, 2016). 

These microgeneration systems - also referred as distributed generation - are truly im-
portant for the energy transition, helping to enhance the share of renewables in the final en-
ergy consumption matrix, reducing emissions associated with energy generation, increasing 
energy security, and decreasing energy costs for householders and businesses (Reid & Ells-
worth-Krebs, 2017). In addition, in many cases, becoming a prosumer can be the first step 
towards citizen insertion in the transition and increasing their energy citizenship (Kotilainen, 
2020). 

Distributed generation based on renewable energy systems has also an important link 
with energy poverty. In countries that have problems with generation and distribution of elec-
tricity, where energy supply is not reliable, the main sources are non-renewable, and a signifi-
cant percentage of the households still does not have access to electricity, distributed renew-
able systems provide severe benefits in the social (enhancement of the comfort of the citizens 
provided by electrification and inclusion of these households in the energy transition), eco-
nomic (lower energy costs associated with reduced payback times of the systems, government 
financing programs for the acquisition of equipment and creation of new local job opportuni-
ties related to installation, design, consulting and maintenance of these systems) and environ-
mental (reduction of greenhouse gas emission, increase share of renewables in the matrix and 
decrease in the use of fossil energy sources) fields. A practical case is presented in South Africa, 
where investments in renewable microgeneration systems are a pillar of the actual energy pol-
icies (Baruah & Enweremadu, 2019). 
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Hanke & Lowitzsch (2020) present an intrinsic relation between prosumership, energy 
poverty, energy efficiency, and energy collective schemes, such as Renewable Energy Commu-
nities, which can be seen in Figure 2.5. 

 

 

 
 Renewable energy prosumership can lead to three important events: enhancement of 
knowledge about energy efficiency among households, creation of collective generation 
schemes among local citizens and sale of excessive production to the grid (on-grid systems 
depending on the electrical system regulation and operational structure). Then, as household-
ers have more consciousness about energy efficiency procedures, they will face lower con-
sumption and cheaper energy bills, leading to lower costs with energy and reduction of energy 
poverty. Collective generation schemes also enhance the knowledge about energy efficiency 
and generation, therefore also leading to reduction of energy poverty. Finally, the sale of ex-
cessive production creates an extra income for prosumers, where more capital may be available 
for possible energy investments and improvements in habitations, likewise providing reduction 
in energy poverty (Hanke & Lowitzsch, 2020).  

The main advantages of renewable distributed generation are: 
 

aa) Reduction of greenhouse gas emission 
 The leading driver of climate change is the high level of greenhouse gas (GHG) emis-
sions from the energy sector. As most of the distributed generation systems are based on 

Figure 2.5 — Interrelations between renewable prosumership, energy efficiency, and energy poverty (Adapted 
from Hanke & Lowitzsch, 2020). 
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renewable energy sources - more commonly, solar photovoltaics - enhancing the number of 
prosumers also means reducing the emissions associated with energy generation (Khodayar, 
Feizi & Vafamehr, 2019). Further, in a context of ambitious goals provided by recent climate 
change international agreements, enabling and encouraging this type of systems can become 
a pillar of energetic politics for reducing greenhouse gas emissions. A real case can be seen in 
Brazil, where investments and an impressive increase in the installed power of microgeneration, 
especially photovoltaics, has been one of the bases for the country to reduce its GHG emissions 
(Lima et al., 2020). 
 
bb) Lower ohmic losses in the distribution grid 
 Whenever electric current is conducted through a conducting wire of a certain re-
sistance, energy dissipation in the form of heat, commonly called ohmic losses, will occur, 
where these losses vary quadratically with the value of the electric current and are directly 
proportional to the resistance. Also, this electrical resistance is directly proportional to the 
length of the conducting wire. So, as electrical power can be seen as voltage times current, 
transmission and distribution grids always seek to enhance the value of the voltage and de-
crease the value of the current, to maintain the same value of power and reduce ohmic losses 
(Sultana et al., 2016). As distributed generation promotes a severe reduction in the distance 
between energy generation and consumption - these two processes are placed on the same 
site - the generated current will have to be conducted through a wire of significantly smaller 
length, where the resistance seen will also be smaller and, consequently, the ohmic losses will 
also be reduced (Stieneker & De Doncker, 2016). 
 
c) Higher energy security and affordability 

The opposite of distributed generation are the centralized generation systems, where 
huge installed capacities, based or not on renewable energies, are installed in key locations for 
transmission and distribution where, in most cases, the place of consumption has a significant 
distance from the generation site. Distributed generation increases the security of energy sup-
ply due to the fact that the vast number of microgeneration sites promotes a decrease in ex-
treme dependence on centralized systems, where technical and operational faults could be a 
huge problem for local energy supply. Also, prosumers face lower energy costs and tariffs, 
enhancing energy affordability and helping to reduce energy poverty (Strachan & Farrel, 2006).  
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dd) Energy generation sources diversification 
 As distributed generation can be seen not only as PV systems, but as small wind tur-
bines (microturbines) and micro biomass systems for electrical generation, the enhancement 
of the number of distributed generation sites maximizes the diversity of energy sources in the 
matrix, promoting lower dependence on a specific source that has patterns of peak energy 
generation, dependency factors and operational characteristics. An adequate mix of energy 
sources, with maximum share as possible of renewables, promotes greater security of energy 
supply and enhances grid reliability (Ellsworth-Krebs, 2016).  

A summary of the advantages of prosumption and distributed generation can be seen 
in Figure 2.6. 

 

 
 

   

 
 
 

Figure 2.6 — Prosumption and distributed generation: main advantages (2023). 
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33 
 

METHODOLOGY 

In this chapter, the methodology defined to elaborate the work of this dissertation will 
be presented, focusing on the Study Case that will be introduced in the next chapter. 
Flowcharts will be shown to systematize the structure of different methodological steps. 
 After a comprehensive study and review of the existing literature about energy poverty, 
energy citizenship, prosumership, distributed generation and renewable energy communities, 
a global analysis of these initial concepts and the RECs is done, in order to completely under-
stand these entities, common characteristics and associated advantages and challenges/barri-
ers of this implementation process. 

Then, focus was given to the Portuguese case, especially the Study Case of REC Tel-
heiras. First, a study of the current framework regarding the Portuguese regulation of climate 
change and Renewable Energy Communities is done, highlighting targets, methods and the 
evolution of these laws and legislations about these energy entities. Also, some examples of 
existing Portuguese RECs are presented, as well as other cases of RECs that are waiting for the 
licensing process and still are in the implementation process. 
 After that, the Study Case is introduced, beginning with a presentation of the charac-
teristics of the location and the historical pioneering of Telheiras in sustainability questions. 
Then, the Telheiras REC itself is presented, with a timeline of the creation of this entity, im-
portant partnerships, organizational and financial schemes of operation and other details 
about this action led by the residents.  

A complete follow up of the meetings, events and internal questions of this REC was 
done, aiming to help and act towards the development and the progress of the entity. As the 
selected renewable energy system for the REC was PVs, a complete and detailed analysis of 
selected buildings, shading analysis, PV sizing and simulation is done, also with a budget and 
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financial analysis of these systems. A systematization and analysis of this process of implemen-
tation and comparisons with other real cases of operating RECs is done, where the discussion 
ends with an evaluation of the biggest challenges for this energy entity and its next steps. 

This methodology process can be divided into two stages: Stage 1 - Literature Review 
and Stage 2 - Study Case.  
 
aa) Stage 1 - Literature Review 
 Aiming to understand the importance of a REC and its impact in the energy transition 
and the community, the first step is to provide a study about the important conceptual back-
ground regarding topics as energy poverty, energy citizenship, prosumership and distributed 
generation. Therefore, a literature review associated with these concepts, aiming to understand 
the definitions, causes and impacts on the society, is done, through relevant peer-reviewed 
scientific papers and articles about these topics. 
 After that, this bibliography review starts to properly focus on Renewable Energy Com-
munities. Initially, through the analysis of the definitions of these communities on European 
directives and on recent articles, this concept is provided. Then, with the objective to show the 
state of art of these projects on the EU, a review of different articles regarding characteristics, 
statistics, and data about operating RECs and associated regulatory framework is done, aiming 
to obtain a complete overview and present the current European projects for supporting the 
development of these communities.  
 A literature review about the most common renewable energy sources used in RECs 
and the respective main advantages and challenges/barriers of process is also done. Specially, 
by providing a study of the current bibliography regarding definitions of solar PVs and wind 
energy associated with criteria as applicability, modularity, installation process, need for spe-
cific natural conditions and density of installed power per generation unit. Following, an as-
sessment of operational forms, important players for the implementation of a REC and main 
difficulties and benefits associated with this process is performed. 
 Finally, this literature review focused on systematizing existing Renewable Energy Com-
munities, aiming to understand and search for ways to classify similar operational schemes, 
objectives and characteristics of these organizations and providing real examples for each se-
lected criteria. 
 This literature review feeds a deep discussion about how a REC can reduce energy pov-
erty and enhance energy citizenship in community, providing examples of how to do so and 
the expected impacts. 
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 A flowchart regarding the Stage 1 is presented in Figure 3.1. 
 

 
 

 
  
 
b) Stage 2 - Study Case 

This second part of the dissertation starts with an analysis of the Portuguese regulation 
regarding climate action and Renewable Energy Communities and climate action, through the 

Table 3.1 - Methodology - Flowchart for Stage 1 (2022). 
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study of different directives and national laws. In addition, an assessment of the status quo of 
RECs in the country is performed and important projects of current and future energy commu-
nities. 

 Then, a complete timeline of the development of REC Telheiras is presented, through 
analyzing intern documents of Parceria Local Telheiras and Grupo Telheiras Sustentável and 
through the attendance of meetings and internal discussions about the project. An analysis of 
the characteristics of the location and the neighborhood is done as a case study. After that, the 
implementation process of REC Telheiras was analyzed, focusing on documents provided by 
Parceria Local Telheiras, Lumiar Civil Parish, EPAH and Coopérnico and the meetings of the 
working group. 

Since REC Telheiras had only one basic and simple PV sizing for only one building of the 
neighborhood, a complete shading analysis, PV sizing and simulation through a specific PV 
software (HelioScope) was done for six buildings, selected according to the administrative 
availability of the associated roof area to become part of the REC and receive PV modules. This 
PV analysis started through visits to the selected buildings and analysis of the roof area through 
views on Google Maps. Then, the evaluation of the roof areas that are adequate for PV gener-
ation is done, through a shading analysis of all the rooftop areas of the buildings. After that, 
the PV sizing and simulation is done, where the obtained results present the PV potential of 
each building in order to be utilized for the generation of REC Telheiras. 

Another important analysis was done regarding the main barriers and challenges asso-
ciated with the implementation process of the study case, through the evaluation of the doc-
uments and analysis of the meetings and current scenario of the project, and feedback from 
local participants. Then, REC Telheiras was classified regarding the criteria presented on Stage 
1 and compared with RECs with similar operational schemes. 

Figure 3.2 brings a flowchart of the Stage 2 of the dissertation. 
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Table 3.2 - Methodology - Flowchart for Stage 2 (2022). 
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44 
 

RENEWABLE ENERGY COMMUNITIES 

 
In this chapter, the definition of Renewable Energy Communities (RECs) will be presented, 

as well as an overview of the state of the art at an European level. Then, the European projects 
for the development of RECs, renewable energy systems and the implementation process of 
these energy entities will be presented. Finally, a classification of RECs and real cases will be 
shown, as well as their forms of operation and characteristics.  

4.1 Definition 

According to the Revised Renewable Energy Directive (EU (2018/2001), July 2021), RED 
II, the definition of a Renewable Energy Community combines open participation of the citizens 
or investors of the respective area close to or within the renewable energy projects, which ones 
have the power to control, in an autonomous way, the entity (European Commission, 2018). A 
REC involves more than just consumption and generation of electricity: its most important 
purposes are associated with the community's social and economic aspects, such as helping 
the decarbonization, reducing energy poverty and enabling sustainable community growth 
(Cielo et al., 2021). 

However, the most accepted definition of a REC is presented in the Renewable Energy 
Communities Repository (2023), as it says that it is "a legal entity that, in accordance with the 
applicable national law, is based on open and voluntary participation, autonomous, effectively 
controlled by shareholders or members that are located in the proximity of the renewable en-
ergy projects that are owned and developed by that legal entity; the shareholders or members 
of which are natural persons, small and medium-sized enterprises or local authorities, including 
municipalities". 
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A REC is allowed to produce, consume, store, sell and share among the community's 
members the renewable-based generated energy (European Commission, 2018). Financial 
benefits can be presented, such as selling the surplus energy to the grid, lower energy costs as 
the result of onsite and distributed generation and land rent for implementation of renewable 
energy systems, such as photovoltaics installed on ground-fixed structures and wind turbines. 
Also, it is known that the investment made by the EU to reduce emissions according to the 
Paris Agreement and 2030 climate goals it is not sufficient to achieve those objectives, so this 
scheme based on collective investment plays a key role to help in this situation (Pons-Seres de 
Brauwer, 2020). 

Since the promotion of the concept through the RED II, it has been a great challenge for 
EU Member States to incorporate national regulations and laws for the promotion of RECs, to 
reduce local energy poverty and increase energy justice of its citizens. Also, the heterogeneity 
associated with the different organizational and structural forms and a very broad definition of 
a Renewable Energy Community provided by RED II are important factors for governments 
while developing regulatory framework associated with these organizations (Heldeweg & 
Saintier, 2020).  

Another important factor is the diversity of similar concepts, which can easily cause con-
fusion between the definitions and hinders the regulation process of these entities. Some ex-
amples are Positive Energy Districts (PEDs), Climate-Friendly Neighborhoods (CFNs), Positive 
Energy Neighborhoods (PENs), Low Carbon Energy District (LCEDs), among others. One of the 
concepts most easily confused with REC is the Citizens Energy Community (CEC) - introduced 
in the Recast Electricity Directive, these organizations are very similar to a Renewable Energy 
Community, but, here, energy generation is not obligatory, even though most of the times is 
presented and based on renewable energy sources (Brozovski, 2021). 

44.2 Overview: European Union 

In this section, an overview of the regulatory framework in the European Union will be 
presented, also with an analysis of statistics and data regarding RECs cases and local projects 
for the development of the concept. 

In this context of regulations allowing the constitution of RECs, these projects have rap-
idly increased over the past years, especially in the European Union, where the combination of 
national regulations, community awareness and support projects are the three pillars of the 
advancement of this type of energy entities. 
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Being the global leader of the concept, the EU needs to have a different approach when 
analyzing the roll-out of Renewable Energy Communities, since it is not just a single country, 
but a block of 27 Member States with sensible differences and characteristics. This implies that 
each EU Member needs to design a framework to support RECs and to make them competitive 
with other types of existing organizations (Compile, 2022).  

The scenario regarding the development of national approaches and regulatory frame-
works in most of EU Member States on May 2022 is presented in Table 4.1. 

 

 
 It is crucial to recall that there are deep differences among the Member States in many 
aspects: social, economic, technical, regulatory, and cultural. For example, a report made by 
the JRC (2020), presents that, in Europe, there are over 3,500 Renewable Energy Communities 
led by citizens. In this scenario, due to cultural traditions of collective participation, citizen en-
gagement and activity markable in northern European countries, Germany, Denmark, the Neth-
erlands, and Sweden have the largest amount of this type of REC, as presented in Table 4.2. 

 

Table 4.1 — National regulatory framework regarding RECs - May 2022 (Adapted from Compile, 2022). 

Table 4.2 — Number of RECs led by citizens in EU (Adapted from Joint Research Centre, 2020). 
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Also, in the same report by JRC (2020), 24 study cases were analyzed - 3 from Belgium, 
3 from France, 3 from Germany, 3 from Poland, 3 from Sweden, 2 from Denmark, 2 from the 
Netherlands, 2 from Spain and 3 from the United Kingdom (although UK is no longer an EU 
Member State, its relevance in the REC scenario justifies its presence in this study).  

Regarding the type of renewable energy associated with the community, solar energy 
emerges from the other sources as the most applied - even though RECs situated in countries 
such as Spain and France (south region) face more favorable conditions of solar radiation, the 
policies and legal frameworks associated with PV energy in northern countries, as Germany, 
Belgium, and the Netherlands, make the solar energy common also in these Member States' 
RECs (Joint Research Centre, 2020). 

Communities associated with wind energy are especially found in Denmark and Swe-
den, where conditions of annual average wind speed - on or off-shore - and their historical 
technological developments in wind turbines provides propitious conditions for this renewable 
energy source integration (Joint Research Centre, 2020). 

RECs linked to biomass energy vary in many ways - heat and power, usage of agricul-
tural residues, biogas application - depending, most of the time, on conditions of supply, needs 
of the community and local organizational structure (Joint Research Centre, 2020). 

A summary of the types of renewables in those 24 RECs can be seen in Table 4.3. 
 

 
  

Table 4.3 — Renewable energy source by REC - 24 Study cases (Adapted from Joint Research Centre, 2020). 
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Hanke, Guyet & Feenstra (2021) provides data from 71 European RECs through an 
online survey - more specifically, 51 German, 10 French, 6 Dutch, 1 Belgian, 1 Portuguese, 1 
Irish and 1 Turkish RECs (although Turkey is not an EU Member State, as it is only one Renew-
able Energy Community in a sample space of 71 case studies, the Turkish case will also be 
utilized).  One of the most important questions asked in the survey is about the organization's 
main motivation: on 85% of the cases, one of the primary purposes of the REC is to promote 
renewable energies and in 46% of the cases, it is the creation of regional value. Also, 46% of 
the cases identified one of the main purposes as having ownership of the energy supply. A 
summary of these answers and their percentage of cases can be seen in Table 4.4. 
 

 

  
In addition, another important question in the survey is regarding the type of activities 

realized on the Renewable Energy Community: 54% of the cases have renewable energy elec-
tricity, 23% have renewable energy heating systems and 21% of the cases include electric mo-
bility. These results prove how diverse and broad the concept of a REC can be (Hanke, Guyet 
& Feenstra, 2021). A summary of these answers is presented in Table 4.5. 

 

Table 4.4 — Main purposes of RECs - 71 Study cases (Adapted from Hanke, Guyet & Feenstra, 2021). 

Table 4.5 — Main activities of RECs - 71 Study cases (Adapted from Hanke, Guyet & Feenstra, 2021). 
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44.3 European Projects 

In this context, the European Union has been developing many different projects to 
provide tools to enhance the number of RECs in the block, helping with technical and regula-
tory knowledge, presenting existing business and operational models, and providing platforms 
to exchange ideas and concepts with success cases. In this topic, five EU projects will be pre-
sented: NEWCOMERS, COME RES, eCREW, DECIDE and Up-Stairs. 
 
a) NEWCOMERS 
 Enhancing from locally-led citizen initiatives to virtual communities, municipalities or 
commercial-drive initiatives, the NEWCOMERS project (New Clean Energy Communities In a 
Changing European Energy System) aims to explore, study and evaluate different types of RECs, 
delivering practical recommendations about how EU - as well as national and local govern-
ments - can support new clean energy communities, in order to enhance their benefits among 
citizens and the European Union itself, aiming to meet the European challenge of decarboni-
zation. NEWCOMERS has eight partners from six countries (Germany, Italy, the Netherlands, 
Slovenia, Sweden, and United Kingdom) and evolves ten energy communities, where one of its 
major objectives is to stimulate interaction, learning and innovation (NEWCOMERS, 2022).  

The main study cases of RECs of NEWCOMERS projects are presented in Table 4.6. 
 
b) COME RES 
 The COME RES Project (Community Energy for the Uptake of the Renewables in the 
Electricity Sector) has the objective to enhance the share of renewable energy sources in the 
electrical energy matrix, focusing on advancing RECs in nine European countries - namely, Bel-
gium, Germany, Italy, Latvia, the Netherlands, Norway, Poland, Portugal, and Spain), via a mul-
tidisciplinary approach to support the development of these communities. The project focuses 
on areas of these countries with a promising future in the development of these communities 
or which develop are already in an advanced stage (COME RES, 2022). 
 Other import aspect of COME RES Project is the Country Stakeholder Desks, which are 
places located in these nine countries where dialogues, roundtables and discussions related to 
the development of RECs happen, aiming to find solutions and enhance the number of RECs 
in the country (COME RES, 2022). Table 4.7 brings an overview of the existing Country Stake-
holder Desks. 
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Table 4.6 — Study Cases Newcomers (RECs) (2022). 
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cc) eCREW 
 Operating in Germany, Spain, and Turkey, eCREW Project coordinates and supports the 
development of forms of household collective partnership for energy consumption, genera-
tion, and management through the so-called Community Renewable Energy Webs (CREWs). 
The basic principles of these organizations are renewable microgeneration, battery storage and 
enhancement of energy efficiency. Currently, this project encompasses 240,000 households 
arranged in 200 CREWs and totalizing 13 GWh/year of energy savings, where eCREW ap-
proaches new members through partnerships with three energy companies (one in each coun-
try member) (eCREW, 2022). A summary of some existing CREWs is presented in Table 4.8. 
 
d) DECIDE 
 The DECIDE Project (Developing Energy Communities through Informative anD collEc-
tive actions) has the main objective to analyze and have deep knowledge about the implemen-
tation of Renewable Energy Communities and energy efficiency services, also analyzing forms  

Table 4.7 — Come RES Stakeholder Desks (2022). 
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of communication and interaction to encourage energy actions and citizen participation in the 
energy transition and providing knowledge exchange among European energy projects. Op-
erating in Austria, Belgium, Estonia, France, Germany, Greece, and the Netherlands, this project 
is based on 9 pilot projects and aims to be a mark for the enhancement of RECs in the European 
Union (DECIDE, 2022).  

A summary of the 9 pilot projects can be seen in Table 4.9. 
 

 
 

 
ee) Up-Stairs Project  
 The Up-Stairs Project aims to accelerate the implementation of Renewable Energy 
Communities through the so-called One-Stop-Shops - locals where support for development 
of collective energy actions with the cooperation of the local households is provided. Facilitat-
ing citizen participation in the energy transition, the main objective of this project is to enhance 
the creation of RECs and collective actions in 5 pilot regions - namely, cities in Austria, Bulgaria, 
Germany, Ireland, and Spain. Different One-Stop-Shops have different main topics, such as 
advice to citizens on energy efficiency and microgeneration, implementation of RECs, and so 
on. Actual data presents 66 million euros triggered and 10,000 consumers engaged, also with 
important publications regarding the experience with the existing One-Stop-Shops and events 
for support and development of new Renewable Energy Communities around the European 
Union (Up-Stairs, 2022).  

A summary of the existing 5 One-Stop-Shops (pilot regions) and their main motifs is 
presented in Table 4.10. 

Table 4.8 — Some existing CREWs (eCREW Project) (2022). 
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Table 4.9 — Pilot Projects (DECIDE Project) (2022). 
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An overview of all the presented projects (NEWCOMERS, COME RES, eCREW, DECIDE 

and Up-Stairs) and their target countries can be seen in Table 4.11. 

 

Table 4.10 — Existing One-Stop-Shops - Pilot Regions (Up-Stairs Project) (2022). 

Table 4.11 - Five EU Projects for development and support new RECs (2022). 
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44.4 Renewable Energy Generation 

Many different renewable energy systems can be implemented for Renewable Energy 
Communities. Choosing the best one for each case can determine the success - or not - of the 
whole identity since clean energy generation is one of the most important pillars of imple-
menting a REC. A review of the most common renewable energy systems for Renewable Energy 
Communities - namely solar PV and wind energy - regarding five criteria (applicability, modu-
larity, installation process, need for specific natural conditions and density of installed power 
per generation unit) is presented in this section of the dissertation. 

4.4.1. Solar Photovoltaics 

Significant growth in added capacity in recent years, substantial and constant decreases 
in the prices of the components and a developed worldwide market: solar photovoltaics is 
advancing in strides in this century. Connected (on-grid) or isolated (off-grid) systems are 
widely presented nowadays in different sectors, regions, and applications (Comello, 2018). 

The most common ways of implementing a PV system are ground-mounted, Building 
Adopted Photovoltaics (BAPV), Building Integrated Photovoltaics (BIPV), carport structures 
and, on a lower scale, floating systems.  Ground-mounted systems are based on PV modules 
installed in structures fixed to the ground and include most of the large-scale PV plants (Peters, 
2017). On the other hand, BAPV and BIPV concepts concern with buildings and constructions: 
in a BAPV system, PV modules are attached to the building envelope, most commonly on 
structures installed on building's roofs; in a BIPV system, the PV modules are integrated into 
the building envelope as they substitute one or more construction elements, where can be 
applied in the façade, rooftop, or shading elements (Kumar, 2019). Another form of PV imple-
mentation is through the so-called carport structures, which use the space of the covered car 
parking places for installing PV modules and, in many cases, can be associated with electric car 
charging points (Riakhi, 2021). Another approach is the floating system, which consists of an 
"off-shore" PV power plant, but nowadays it is not as common as the other types of PV systems 
(Ranjbaran et al., 2019). 
 
a) Applicability 

Photovoltaic systems, especially in the forms of BIPV and BAPV, are easily incorporated 
in cities and districts, where the easiest is the BAPV on rooftops. According to the urban density 
of the area, namely the density of skyscrapers and buildings, the efficiency of the PV generation 
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can decline, as those constructions will probably promote temporary or permanent shading, 
even though an individual analysis of each scenario is required (Li et al., 2019). An example of 
a BIPV system can be seen in Figure 4.1. 

 

  

 
b) Modularity 

PV systems are easy to modulate: if an on-grid system was installed with a string in-
verter, it is easy to connect more PV modules if they are all the same (brand, model, and spec-
ifications) and if fit well with the inverter sizing. This modularity becomes even higher when 
using microinverters because the modules can have different parameters as new microinverters 
will also be added to the system (Deshpande, 2017). 
 
c) Installation Process 

The process of installing a PV system depends on the form of implementation (ground- 
mounted, BAPV, BIPV, carport or floating). Installations associated with BAPVs (most of the 
time, on rooftops) are the quicker ones, as the fixation of metallic profiles and their respective 
structures of module's fixation is the lengthiest process. Ground systems require a slightly more 
complex installation process - foundation concrete blocks are needed to fix the poles of the 
metallic structure for PV modules - being an installation step unique for ground mounted sys-
tems (although it is not a complex, costly and lengthy process) (Leccisi, 2016). The BIPV sys-
tems, in fact, are more complex because involve construction elements and components, be-
yond the fact that this type of PV system needs to be planned and sized, in the project phase, 
among engineers and architects (Ghosh, 2020). An example of a ground-mounted PV system 
is presented in Figure 4.2. 

Figure 4.1 - Example of BIPV system applied to the roof (spaced PV cells allowing the passage of natural light) - 
Gare de Perpignan, France (Révolution Énergétique, 2022). 
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dd) Need for Specific Natural Conditions 

The photovoltaic conversion process is based on, under incident radiation, the creation 
of charge carriers, subsequent separation and collection, and generation of an electric current 
on a semiconductor (Zhang et al., 2019). In the case of PV solar cells, the conversion occurs 
under incident solar radiation, so this type of generation is intermittent and depends on the 
sunlight and shading. Under shading conditions, the PV generation will not be null, but, since 
diffuse radiation is much less energetic than direct radiation, the PV generation will face a 
drastic reduction (Teo et al., 2018). 
 
e) Density of Installed Power per Generation Unit 

Many technologies have been developed to increase the efficiency of PV modules 
(basic unit generation of photovoltaics), especially on mono-crystalline silicon solar cells, such 
as PERC cells, half-cell modules, bifacial cells/modules, among other possible solutions (Mes-
quita et al., 2019). Though these technologies mean evolution and progress in the PV industry 
- especially the commercial ones - PV modules have peak power much lower than generation 
units associated with other renewable energies, such as wind energy (wind turbines have nom-
inal installed power ranging from kW to MW). 

Evaluating all the concepts and important topics associated with PV generation, it be-
comes evident why most of the Renewable Energy Communities are based on those systems. 
The most important reason is regarding the high modularity degree associated with a relatively 
easy installation of the systems - it fits perfectly with the distribution generation concept, en-
hancing the development of smart cities and energy management. On the other hand, the fact 
that the peak of PV generation does not match the peak consumption, and that there is no 

Figure 4.2 - Example of ground-mounted PV system (Solar Electric Supply, 2022). 
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generation during the night or significantly lower generation during hazy/rainy days can make 
the power system supply unreliable, where solutions as storage systems and energy flexibility 
procedures can be needed. Also, constant evolutions of PV technology, such as inverters tech-
nologies, cells arrangement and modules peak power contribute to increasing the participation 
of PV systems in RECs (Nolden, Barnes & Nicholls, 2020).  

A summary of PV systems regarding the presented criteria is presented in Table 4.12. 
 

 

44.4.2. Wind Energy 

Wind energy has a significant participation in the energy generation matrix, especially 
in countries as China, Denmark, Portugal, Brazil, and Ireland. The installed capacity of the tur-
bines has increased significantly in the recent years, where these systems face constant ad-
vances and new technologies (Son & Ma, 2017). 

The main classification regarding wind turbines is associated with the orientation of 
their rotor axis: a Horizontal Axis Wind Turbine (HAWT) has its rotor axis oriented, actively or 
passively, parallel to the wind direction. On the other hand, a Vertical Axis Wind Turbine (VAWT) 
has an omnidirectional operation (does not depend on the wind orientation) (Porté-Agel, 
Bastankhah & Shamsoddin, 2020). Another important classification is associated with the loca-
tion of the turbines: onshore turbines are located and fixed on the ground, while offshore tur-
bines are located on the high seas and fixed through different structures suitable for the marine 
environment. Although offshore wind turbines face higher average wind speeds, the marine 
environment and the technology associated with the fixation structures increases their costs, 

Table 4.12 - PV systems - Summary of the presented criteria (2022). 
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while the onshore ones are cheaper and operates with lower average wind speeds (Li et al., 
2020). An example of offshore wind turbines can be seen in Figure 4.3. 
 

 

 
 With the increase of interest in distributed generation, a significant development of 
horizontal axis wind microturbines started in this decade, where these generation units have 
nominal power from 100W to several kW. Thus, these miniatures bring numerous benefits 
through the application of wind energy in distributed generation, where the dependence on 
PV systems in this type of generation is reduced and makes possible to take advantage, on a 
smaller scale and in a simpler way, of the available wind resource. However, these microturbines 
are still not widely applied, where more development in control systems and lower prices are 
needed to them to be more widely used (Chudzik, 2023). 
 
aa) Applicability 
 Onshore HAWTs are not easily incorporated in urban areas, due to the need of land 
usage, perturbation on average wind speed caused by the presence of buildings and skyscrap-
ers and local resistance problems due to noise, aesthetic and public safety concerns. This be-
comes even a bigger problem when considering offshore turbines: the need to be a coastal 
zone and higher costs for implementation make the implementation of this type of wind tur-
bine even more difficult in a Renewable Energy Community. Although, for RECs in rural areas, 
onshore HAWTs can be applied in a relatively simple way (Schaffarczyk, 2020). 

Vertical axis wind turbines are easily incorporated in urban areas, as they operate with 
wind from any direction and are relatively simple to design and install. However, the installed 

Figure 4.3 - Example of offshore wind farm (The American Clean Power Association, 2022). 
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capacity of this type of turbine is significantly lower than the values for HAWTs, making this 
application not suitable for situations where a larger amount of generated energy is demanded 
(Kumar, Raahemifar & Fung, 2018). 
 
bb) Modularity 

The fact that the wind turbine itself encompasses all the necessary components for en-
ergy conversions processes makes wind energy to have a high degree of modularity, where 
the addition of more turbines in a wind farm can be done in a simple way. One of the only 
limitations is the distance between turbines, since too proximity between these towers can 
affect the average speed of the wind that reaches the blades, thus reducing the energy gener-
ation (Rezamand et al., 2020). 

This modularity becomes even higher with VAWTs, as its relatively reduced size and di-
mensions turns even easier to add more turbines on a specific site (Kumar, Raahemifar & Fung, 
2018). 
 
c) Installation Process 
 For onshore wind turbines, the installation process must be seen as having different 
steps of infrastructure, civil and electrical works. Clearing of terrain, access roads for equipment 
transport, concrete foundation for the towers, proper electrical installations for connection of 
the turbines in the grid: all these needed steps make the installation process complex and 
costly, where detailed prior planning and an elaborate schedule of work must be carried out 
prior to the start of the process (Sovacool et al., 2017). 
 For offshore wind turbines, the difficulties during the installation process become much 
bigger, where this phase is totally crucial for the success of the operation. The aggressive ma-
rine environment, high distances for cables to make the connection to the grid and the com-
plex fixation structures for these HAWTs are the main pillars of these difficulties, where the 
costs are even higher than the ones for onshore turbines (Jiang, 2021). 

 
d) Need for Specific Natural Conditions 

One of the most important phases of implementing a wind farm is the previous studies 
about wind speeds and occurrence frequencies. It is important that the site where the wind 
turbines will be placed experiments high average wind speeds and that these values occur 
repeatedly. Statistical distributions have been used for analyzing these values, as the Weibull 
distribution is the one that has been implemented the most in these studies. A badly performed 
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wind study or its non-existence is a critical factor for the failure of a wind project (Wang, Hu & 
Ma, 2016). 
 
ee) Density of Installed Power per Generation Unit 
 HAWTs have relatively huge nominal power per generation unit, especially when com-
pared to PV modules. Ranging from kW to MW, the enlargement of the rotor diameter and 
height of the tower results in constant new models with higher nominal power, especially with 
recent developments in offshore wind turbines (higher average wind speeds). Modern control 
systems also play a major role in the advance of wind energy, where modern wind turbines 
have complex systems for enhancement of their efficiency and energy generation (Asim et al., 
2022). 

A summary of wind turbines regarding the presented criteria is presented in Table 4.13. 
 

 

4.5 Implementation Process 

The recent creation and large scale spread of the concept are associated with important 
factors as the increase of distributed generation based on renewable energy sources 
(prosumption), development of associated regulatory framework, innovations on business 
models related to the energy market, application of IoT and Blockchain technologies in energy 
services, need for security and reliability on energy supply and urgency in decarbonizing the 

Table 4.13 - Wind energy - Summary of the presented criteria (2022). 
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economy, where important challenges and barriers for the worldwide development of RECs are 
presented (Di Silvestri et al., 2021). 

According to Gjorgievski (2021), a Renewable Energy Community has three types of ma-
jor players - namely, consumer, energy service provider and initiator - where they all interact 
with each other for the functioning of the REC. In a simple way, the consumer/prosumer is the 
beneficiary (energy or another commodity), provided by another player by joining the REC. The 
energy service provider is responsible for the services associated with energy, such as trans-
mission, distribution, generation (centralized generation) and supply, owning (in an individual 
or collective way) and using the electrical infrastructure.  A prosumer is also an energy service 
provider, due to the fact that shares responsibility for the energy generation and can also sell 
the surplus to the grid. Finally, the initiator deals with the organization and coordination of the 
REC itself, being crucial for the implementation and maintenance processes.  

Figure 4.4 presents a scheme of these major players and their interactions. 
 

 
 

 
Even though the major players and their respective roles can be listed, the concept of 

Renewable Energy Community is very wide ad can have many different operational forms, 
which depend on the objectives of the REC, organization, and its strategies to meet its purposes 
(Seyfang, 2013).  

In this process of implementation of a REC, an important partner can be seen as a great 
facilitator: the local government. Working together with the municipalities is a "two way street", 

Figure 4.4 - Major players on a REC (Adapted from Gjorgievski, 2021). 
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where both entities have much benefits associated with the promotion of these local organi-
zations - many cities are still having problems to put in practice energy actions regarding en-
ergy efficiency and renewable energy generation in the local community, as well as local groups 
that aims to create a Renewable Energy Community face problems associated with motivation, 
voluntary work and the need for leadership and proactivity from citizens. Therefore, some of 
the ways that municipalities can act to help in this implementation process are presented: 
(REScoop.eu, 2023) 
 
-- Providing favorable regulations to the development of citizens local energy actions: less bu-
reaucracy associated with this process, subsidies, favorable land-use regulation. 
 
- Enhancement of knowledge regarding energy: share of knowledge associated with energy 
efficiency and renewable energy sources with the community, events and fairs about sustain-
ability and action on climate change. 
 
- Financing projects: the initial capital for the creation of the pilot project can be a significant 
barrier for its development, where the municipality can act to help in this first step. 
 
- Municipality as a direct member: the municipality itself can become a member of the REC, 
without taking full control of the organization. Here, the municipality can contribute with sites 
and land for renewable energy generation (for example, roofs of buildings owned by the local 
government for the installation of PV modules), promote events, meetings and external part-
nerships for the REC and help in the possibility of this energy organization to reach new activ-
ities and fields of action, such as electric mobility and collective energy storage. 

There are many advantages and challenges/barriers associated with the implementation 
of a REC. A review of the most important ones will be presented in the next topics. 

4.5.1. Main Advantages 

One of the most important contributions of a Renewable Energy Community is the fact 
that its implementation enhances the acceptance of renewable energy systems and alternative 
energies by putting citizens in decision-making situations on energy issues and increasing the 
awareness of the need for an urgent and deep energy transition. Furthermore, creating a REC 
improves energy decentralization and democratization through generation schemes as 
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prosumption, facilitating the creation of a "sense of community" among the citizens and in-
volved members/organizations (Hanke, 2021). 

Historically, households are considered a target group hard to reach or persuade - even 
more when the topic in question is not widely known by the public. Not all citizens are aware 
of the situation regarding the urgent need for an energy transition, severe climate change and 
alternative and renewable energy sources. Through the active participation of the population 
in local energy politics, decisions and discussions, RECs can be considered a strategy to im-
prove energy efficiency and conscious consumption in the household environment, also help-
ing the citizens to acquire a more sustainable lifestyle through the dissemination of energy-
saving expertise at the community level  (Coehen & Hoppe, 2022).   
 Another important advantage of a REC is associated with energy poverty and vulnera-
ble consumers. As previously mentioned, energy poverty can be defined as the inability of 
citizens to have adequate access to energy sources that lead, most of the time, to problems 
with excessive heat or cold inside homes, difficulties associated with basic food manipulation, 
among other facts. Some reasons to explain the importance of analyzing and finding ways to 
reduce energy poverty rely on the fact that it has a strong association with absolute poverty, 
malnutrition and poor diets, economic development, gender inequality and health problems 
(Hamed & Peric, 2020).  

Also, the energy transition towards a matrix based on renewable sources and enhance-
ment of energy efficiency needs to meet all the citizens, with no exclusions, as it is the only 
way to avoid more climate change effects soon. The implementation of a Renewable Energy 
Community may create a complete scheme that leads to reduction of energy poverty and in-
crease of energy justice for vulnerable consumers - the so-called energy democratization - as 
it is based on three pillars: knowledge about energy efficiency and renewable sources, 
prosumption and energy management (Hanke & Lowitzsch, 2020). 
 
a) Knowledge 

 To transform a citizen into an active decision-maker on energy questions, the Renewa-
ble Energy Community association needs to provide knowledge about energy efficiency and 
renewable energy generation to its members. Achieving energy efficiency in the household 
environment involves behavioral (personal attitudes and habits that consume energy in a non-
efficient way) and financial aspects (tariffs, taxes, peak hours of consumption), where reliable 
information can lead to lower energy consumption.  
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Therefore, the citizens will start to consume less energy by applying simple energy effi-
ciency procedures in their homes, leading to lower energy bills. Also, all this knowledge pro-
vided through the REC association can lead to the creation of small local business associated 
with renewable energy systems (project, installation, maintenance, consultancy) and energy 
services (technical services associated with electricity, energy management and electrical in-
stallations), which can be translated into creation of local financial, economic, and social value 
for the local citizens (Ebrahimigharehbaghi et al., 2019). 
 Also, the community will face empowerment (transformation of normal citizens into 
energy citizens) since its members will lead its energy decisions - so, most of the time, the REC 
will opt for paths that favor the community itself and its members, in a collectively way. The 
transformation of regular citizens into active players on the energy transition also enhances 
the knowledge about the electric system and the grid (Azarova et al., 2019). 
  
b) Prosumption 
 Prosumer is strongly dependent on politics and energy regulations (especially the on-
grid systems). In some cases, the surplus - generated amount minus consumed amount - can 
be sold to the energy company, where the prosumer receives money directly for this excess 
energy. Also, in other scenarios, this surplus can be consumed, as an energy credit, in a defined 
period by the prosumer, which leads to almost full use of the energy generated by microgen-
eration, thus reducing the payback time of the systems, and increasing the attractiveness of 
distributed generation. This creation of an extra income and/or faster return on investment 
leads to reduction of energy poverty as more capital will be available for improving energy use 
and increasing energy comfort in households (Ellsworth-Krebs, 2016).  

In addition, a consumer who becomes a prosumer also increases his level of energy 
citizenship, where he becomes a more active player in the transition and has greater knowledge 
about his energy needs, also enhancing the energy democratization (Berka & Creamer, 2018). 
 Also, as previously mentioned, microgeneration systems are, most of the times, based 
on renewable sources - especially solar PVs - as the enhancement of prosumers provided by 
the implementation of a REC will conduct to lower greenhouse gas emissions and a larger 
share of renewable energy in the final energy consumption matrix. 
 
c) Energy Management 
 Applying concepts of energy flexibility inside a Renewable Energy Community can lead 
to lower expenses - avoiding excessive consumption or increasing generation during peak 
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hours can lead to lower energy costs in these periods. Another important aspect is monitoring 
and analyzing energy consumption profiles of the members of the REC, to identify patterns 
and possible faults, leading to increased energy efficiency. Also, energy storage can be used to 
supply part of the consumption during peak hours, avoiding energy consumption from the 
grid and higher energy tariffs during these hours (Li, 2021). 
 Other important advantage of a REC is associated with concepts as Smart City and flex-
ible power systems. A Smart City can be defined as an urban area able to manage and control 
its connected devices in a reliable and affordable way. It can be amplified to concepts as energy 
storage, monitoring, analysis, and control in a smart way, using technologies like IoT (Camero 
& Alba, 2019).  

Interrelations among buildings and houses associated with generation and consump-
tion, storage of energy to provide a more reliable electrical power system based on renewable 
energies, monitoring consumption/generation and the instant fluxes of energy through smart 
meters and controllers and concepts such as smart mobility, governance and living are easier 
to apply and implement on RECs because of its level of integration and relation among mem-
bers, buildings/houses, power plants and the electrical system itself (Simões et al., 2021).  
 Table 4.14 summarizes the main advantages and benefits provided by the implemen-
tation of a Renewable Energy Community. 

 
Table 4.14 - Implementation of a REC - Main advantages (2022). 
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44.5.2. Main Challenges and Barriers 

Important challenges and barriers regarding the implementation of a Renewable En-
ergy Community are associated with the current policies and regulatory framework. The RED II 
(Revised Renewable Energy Directive) was a milestone for introducing the concept of a REC at 
an European level, but the governance and regulatory system of implementing these commu-
nities is left to the Member States, which have different regulations and policies about RECs. 

The difficulty to define, in a common way, energy citizenship and energy democratization 
leads to ambiguity in developing the respective regulation. Also, a Renewable Energy Commu-
nity can be implemented in many different ways, with various organizational structures, major 
players, financial organization, and forms of interaction with the electrical system and the grid, 
all dependent on how the concept will be developed in each scenario. It is hard to classify these 
communities in a common way in all the EU Member States (many other concepts similar to 
RECs have been developed and can cause confusion), in order to have similar policies and 
regulations for Renewable Energy Communities in the whole block.  Also, it is necessary to 
mention that different Member States have different regulations and laws for distributed gen-
eration, on-grid systems, and their communication with the grid, prosumership and tariff sys-
tems (Heldeweg & Saintier, 2020). 

Another important challenge regarding RECs is the need of energy justice in the transi-
tion. Sovacool et al. (2017)  defines energy justice as "a global energy system that fairly distrib-
utes both the benefits and burdens of energy services, and one that contributes to a more 
representative and inclusive energy decision-making". Injustices regarding energy questions 
are related to aspects like social class, race, ethnicity, age, gender, or economic inequalities. 
The REC concept must be applied in order to achieve, as much as possible, fairness in the 
energy transition - any group, region or citizen should be able to benefit from these commu-
nities. This culminates in a great challenge due to the difficulties related to the implementation 
of the concept, especially in scenarios of totally isolated communities, regions with an average 
low level of education and areas with severe problems, among other aspects (Hanke, Guyet & 
Feenstra, 2021). 

Technical and environmental barriers also represent a key role in Renewable Energy 
Communities. Technical challenges are linked, most of the time, to limitations of the electrical 
grid: topics regarding the intermittency of renewable energy generation - most cases, associ-
ated with solar PV and wind energy - low energy efficiency of the final users, the mismatch 
between peaks of energy consumption and generation or even problems associated with the 
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lack of reliability on local energy supply or access to the grid (electrification problems) (Koirala 
et al., 2016). On the other hand, environmental challenges are more associated with land usage, 
especially for the installation of renewable energy systems that will be responsible for the dis-
tributed generation of the community and the waste provided by its implementation (van Zalk 
& Behrens, 2018). 

Internal aspects can also be, in some cases, challenging for implementing a Renewable 
Energy Community - high costs of implementation due to the necessity of electrical grid infra-
structure, design, acquisition and installation of renewable energy and storage systems, mon-
itoring/analysis energy equipment and data processing/management - might be a challenge 
for the creation of a REC and can be aggravated in cases of lack of finance to run the project. 
Also, sometimes the lack of initiative of local members to accept or start the project can be 
translated into an important internal challenge. Even the lack of the concept of what a Renew-
able Energy Community is - by the population, local and national government entities, and 
potential investors in the energy sector - results in a barrier to its implementation (Koirala et 
al., 2018). 

Another important aspect that needs to be mentioned is the concept of NIMBYism (Not 
In My BackYard). For some authors, this line of thought is based on selfishness and ignorance 
of the citizens, and the motto "renewable energy projects are good until the moment they are 
located close to my house" (Petrova, 2016), but renewable energy systems do have an impact 
in a residential zone, especially when the local community is not involved and consulted before 
the execution of the project, where this can lead to complete rejection and/or boycott of these 
systems by the locals.  

It is a fact that public acceptance is a barrier for most of the new technologies, but alt-
hough some of these citizens have proper knowledge of energy and climate problems, they 
put in the foreground the negative aspects of having renewable generation plants close to 
their residential areas. The biggest problem is that NIMBYism, most of the time, is defined by 
the lack of theoretical basis, real study cases, and conceptual models - even though the impacts 
provided by these renewable energy systems exist and must be considered, the positive as-
pects of this type of generation is much larger and considerable, especially when considering 
the current scenario regarding the urgency for a clean energy transition and the climate change 
situation (Wolsink, 2000).  

Some renewable energy sources - as wind turbines and centralized PV generation - face 
more problems with this concept than others - as distributed PV generation. In the suburbs of 
New England Town (Massachusetts, USA), for example, a 2MW ground-mounted solar project 
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faces this type of problem with the local community based on themes, such as loss of commu-
nity local control, distrust of the project owners due to lack of connection with the citizens and 
desire of keeping this residential area esthetical aspects and zoning (O'Neil, 2021). Another 
case is the implementation of wind turbines in small Israeli cities (country with a society not 
used to wind energy, which has a complex terrain, high populational density, and important 
religious areas). NIMBYism is presented in this case with topics such as visual impacts, noise 
intensity and bird deaths (Peri, Becker & Tal, 2020). 

A review of the main challenges and barriers associated with the implementation process 
of a REC is shown in Table 4.15. 

 
 

 

 
Table 4.15 - Implementation of a REC - Main challenges and barriers (2022). 
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44.6 Classifications and Real Cases 

 Many classifications of RECs have been made with different criteria by many studies. To 
categorize a Renewable Energy Community, is common to analyze three aspects: organiza-
tional structure, interplay between major players and financial questions associated with its 
implementation and operation. In this topic, four main categories of RECs in the literature - 
namely location, purpose, organization, and associated activities - are presented and linked to 
existing real cases. 

4.6.1 Location 

 The classification of Renewable Energy Communities associated with the correspond-
ence between the community and a specific area can be drawn between place-based and non-
place-based REC. A place-based REC is an energy community that is directly associated with a 
specific territory, while a non-place-based REC has not this connection with a portion of land. 
The boundaries and extension of a place-based REC can vary from tower blocks and grouping 
of houses to city districts, where the members have similar aspects (social, local). A non-place-
based REC can have members of different locations and realities, and it does not necessarily 
require ownership of equipment or land (Moroni et al., 2018). 

A real case of a place-based REC is the Sola-Re, created in 2011 and located in Reck-
linghäusen (Germany). This Renewable Energy Community was founded since the citizens de-
cided to exploit the potential of many public roof surfaces in the city for electricity generation 
through photovoltaic conversion. The city of Recklinghäusen itself supports the initiative by 
the lease of the roof surface for PV modules - even the major, personally, invested in the REC. 
The total PV plant is divided into three systems, which can generate a total of 195,000kWh per 
year (supplying around 60 households on an annual basis). The founding of the project was 
totally done by own capital resources, where citizens could participate with the minimum in-
vestment of 500 euros. Three companies and an association were created to run the project, 
where the members of the companies - 70 to 80 citizens on each one - finance and consume 
the generated energy, while the association is responsible for the construction and mainte-
nance of the three PV systems (Enercommunities, 2022). 

Figure 4.5 brings a view of one of the PV plants of Sola-Re, installed in the rooftop of the 
City Hall of Recklinghäusen. 
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Another example of a place-based REC, now using wind energy instead of photovoltaics, 

is the Gorran Highlanes, which also started in 2011 in Saint Gorran, United Kingdom. Around 
100 citizen members invested, together, 80,000 pounds to build two 80kW wind turbines in 
the city, where the generated energy is shared among the members. The Gorran Highlanes 
project is part of the Community Power Cornwall Initiative, which has the mission to promote 
conditions to collective-owned renewable systems (Moroni et al., 2019). Figure 4.6 brings a 
view of some members of this REC and one of the wind turbines. 

Solardachbörse is a German non-place-based REC, consisting of an online portal that 
makes the connection between supply - in this case, people who want to rent out their roofs 
for PV systems - and demand - in this case, those who do not have or want more roof space 
for investments in PV energy - where members can choose among the type of roofs, maximum 
rent amount and minimum area. At the end of 2018, 22,000m² were rented and became oper-
ational PV systems via this platform (Steinhausen, 2011). 

 

 

Figure 4.5 - Recklinghäusen Solaranlage Stadthaus A, one of the three PV plants of Sola-Re - City Hall of Reck-
linghäusen (Recklinghäuser Zeitung, 2022). 

Figure 4.6 - Community Power Cornwall (Community Power Cornwall, 2022). 
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44.6.2 Purpose 

 According to the number of purposes of the community, two types of Renewable En-
ergy Communities can be listed: single-purpose and multi-purpose. A single-purpose REC con-
sists of an entity, with settled rules and relations among players, only for purposes associated 
with energy production and consumption/purchase. On the other hand, a multi-purpose REC 
shares other types of goods and services beyond energy (Moroni et al., 2018). 

Beyond the examples of Sola-Re, Community Power Cornwall and Solardachbörse, an-
other single-purpose REC is the Comunità Solare Locale, which started in 2014 in Casalecchio 
di Reno (northern Italy). The idea of the community started with a research group at Bologna 
University, and it began with 23 family members (until 2018, there were 80 members). The main 
objective of the community is to identify and make available, by local entities and public build-
ings/spaces roofs for shared PV systems installation, where the members share the generated 
energy (Centro Per la Comunità Solare, 2022). Figure 4.7 brings an overview of a community 
action of Comunità Solare Locale and some of its members. 

 

 

 
On the other hand, The Samsø Project is an example of a multi-purpose REC. Starting in 

1997 and placed on Samsø Island (Denmark), the concept of the project involves multiple as-
sociations working together for shared goals, such as energy transition and local development 
of the island. The main plan of the project is to achieve the complete independence of the 
island based on the local population's decisions and founding. In the energy field, the project 
promotes the complete dissemination of renewable energy systems, based on eleven on-shore 
wind turbines and ten off-shore ones, totalizing 23MW of installed power. In 2007, The Samsø 
Project started to encompass other aspects, such as independent communication 

Figure 4.7 - Community action of Comunità Solare (Comunità Solare Locale, 2022). 
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infrastructure and solutions regarding mobility, waste, and agriculture (Sperling, 2017). Figure 
4.8 brings a view of the offshore wind turbines associated with this REC. 

 

 

44.6.3 Organization 

Regarding the organization, there are three types of RECs: centralized, decentralized and 
distributed. This classification is connected directly to the planning and governance mode - 
members and other main players and their roles in the operation of the REC (Gjorgievski, 2021). 

A centralized REC is the one where households and businesses, in a collective way, own 
or participate in energy projects, being the most common type of Renewable Energy Commu-
nity. Basically, they are initiatives started on a community scale where the governance, deci-
sion-making, organization, and implementation are done also at a community level (Gui, 2018). 
Most of the time, it is also linked to experimental learning, extreme citizen empowerment (en-
ergy citizenship) and social development (Rowse, 2014). An example is the Hepburn Wind Pro-
ject, started in 2011 and regarding a 4.1MW wind farm (two wind turbines) located in Dayles-
ford (Australia). The community is led by a cooperative, where each member has a vote in 
energetic decisions (Holmes, 2014). Figure 4.9 brings a view of some of the members of this 
REC and one of the two wind turbines. 

 

Figure 4.8 - Samsø Project - Off-shore wind turbines (VisitSamsø, 2022). 

Figure 4.9 - Hepburn Wind Project (Flora & Fauna, 2022). 
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On the other hand, a distributed REC is the one where the households and businesses 
own or participate in energy projects individually, and they are connected via an entity - virtual 
or not - sharing the same rules. Here, most of the members are not directly connected and 
they make individual investments/decisions according to their own preferences but are con-
trolled by a legal entity designed for this purpose (Gui, 2018). Western Australia (WA) Peer-to-
Peer Trading Trial is an example of distributed Renewable Energy Community, consisting of an 
association of 10 households and about 20 people at Busselton (Australia), trading energy in a 
peer-to-peer way (digital mode with no centralized server, where each computer realizes the 
function of client and server) with the local grid company. Through a blockchain-based soft-
ware, citizens can buy excess generated energy from PV power plants in the city directly from 
the member that own these systems or portions of PV plants (Vorrath, 2016). 

The last type of classification regarding organization is the decentralized REC, which is 
based on the concept of self-sufficiency: in this type of Renewable Energy Community, the 
households, businesses or even municipalities generate and consume energy locally, in a self-
sufficient way, and can or cannot be connected to the electrical grid (on-grid or off-grid) where, 
like the distributed REC, most of the members are not connected directly with each other (Well-
man, 2005). Many municipalities around Europe are organizing decentralized RECs, such as 
Micha owo (Poland), Magliano Alpi (Italy), Ellhöft, Westre and neighboring villages in Schles-

wig-Holstein (Germany), Eeklo (Belgium), among other examples (Hinsch, Rothballer & Russel, 
2022). Figure 4.10 presents a view of a PV system associated with the municipality of Magliano 
Alpi (Italy). 
 

 
Figure 4.10 - Decentralized REC - Municipality of Magliano Alpi (Italia Che Chambia, 20222). 
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44.6.4 Activity 

Based on the type of activities that are implemented, there are three main types of Re-
newable Energy Communities: promotion of home energy services, development of collective 
energy generation and development of collective energy management. Here, it is important to 
mention that different types of activities can be presented at the same time in a REC. 

The activities can be based on an association of members who wants to promote home 
energy practices regarding consumption and generation, in order to increase energy effi-
ciency/generation and reduce energy bills. Civic attitudes inside homes made by households 
make a considerable impact in the community total energy consumption and generation, 
where the importance of making energy "visible", highlighted, managed, stored, and discussed 
by normal citizens helps to create an energy concern that is crucial to a REC operation (Har-
greaves, Nye & Burgess, 2010). This activity is done through the promotion of technical and 
non-technical knowledge about these practices to the members, creating the notion of how 
important renewable energy systems and energy efficiency are. For example, constant de-
creases of PV modules prices led to the creation of community associations to collective pur-
chase of PV systems and creation of RECs, such as Duurzame Energie Haaren (Haaren - the 
Netherlands) and Morgen Groene Energie (Nuenen - the Netherlands) (van der Schoor et al., 
2016). Figure 4.11 brings a view of one of the Duurzame Energie Haren PV plants. 

 

 

 
Collective energy generation can be seen as the "step forward" from home energy prac-

tices and distributed generation in the Renewable Energy Community. Large solar PV plants, 

Figure 4.11 - One of Duurzame Energie Haaren PV plants: Zonneweide Glimmen (Duurzame Haaren, 2022). 
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wind farms or biomass facilities can be installed, and the members of the community have 
portions of the generated energy, but do not own or are responsible for the generation units 
and their operation, maintenance, or monitoring. The founding of the project needs to be de-
signed to promote equality among the members, which are responsible for the costs - there is 
not a large investor for the whole generation system. Also, to do this operational scheme, it is 
important that the local electrical grid have adequate and reliable infrastructure (Smith et al., 
2016). An example can be the cooperative Escozon (Heeten - the Netherlands), focusing on 
supporting local initiatives on RECs through the development of sustainable renewable energy-
based power plants, where the generation - most of the time, provided by PV plants - is shared 
among the local members of the community (Escozon, 2020). 

The third activity is another evolution for a REC: energy management. It is crucial for an 
optimized system involving energy generation and consumption to monitor, analyze and make 
improvements in the forms that this energy is reaching its final use. Concepts such as energy 
monitorization, energy storage systems, microgrids, evaluation of energy quality and usage of 
Internet of Things (IoT) technology in power systems can be utilized to maximize the entire 
efficiency of energy consumption/generation in a Renewable Energy Community, and it must 
be done in a collectively way, with transparency and side by side with the community members, 
reaching - among other benefits - financial rewards by avoiding losses, preventing failures and 
increasing the reliability on the REC's energy system (Hirsch, Parag & Guerrero, 2018). The 
Samsø Project itself is an example of a Renewable Energy Community that uses many concepts 
of energy management. Figure 4.12 presents one of the PV plants of Escozon REC. 
 

 

Figure 4.12 - A Escozon PV power plant (Escozon, 2022). 
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A summary of all the presented projects and their classifications according to the showed 
criteria can be found in Table 4.16. 
 

 

 

  
  

 
 
 
 
 

Table 4.16 - RECs classification - A summary (2022). 
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55 
 

STUDY CASE: TELHEIRAS RENEWABLE ENERGY 

COMMUNITY (LISBON, PORTUGAL) 

In this chapter, the study case of a Renewable Energy Community in Telheiras neigh-
borhood, located in Lisbon, Portugal, will be presented. First, an overview of the recent Portu-
guese legislation regarding climate action and RECs will be presented, as well as an introduc-
tion of the characteristics of the location of the Study Case. Then, the history of projects and 
pioneering spirit of Telheiras in topics related to sustainability will be shown, as well as infor-
mation about the REC itself, such as its development, associated renewable energy source and 
the current status of the organization. 

5.1 Overview: Portugal 

 As a Member State of the European Union, Portugal has developed different regula-
tions and laws regarding climate change and energy transition in the recent years.  

One of the most important recent steps was the Roteiro para Neutralidade Carbónica 
2050 (Roadmap for Carbon Neutrality 2050), signed on July 1, 2019, being the first national 
document where Portugal firms the commitment to become carbon neutral by 2050 (carbon 
neutrality means a scenario where the emissions and captures are equal, turning the carbon 
balance neutral). Acting in four principal pillars - namely, energy, transports, residues, and ag-
riculture/forests/use of the soil - the main objective of this document is to identify, analyze and 
propose paths, through viable ways (economic and social), to reach this main goal aligned with 
the Paris Agreement (Diário da República, 2019). To achieve this objective, the electric sector 
plays a key role, where renewable energy sources, distributed generation, energy efficiency 
procedures and local energy actions are important parts of this process.  
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Specifically, regarding the current decade, the most important national document asso-
ciated with energy and climate politics is the Plano Nacional Energia e Clima 2021-2030 (Na-
tional Energy and Climate Plan 2021-2030), approved on 10 July, 2020, where a complete char-
acterization of the current status and the definition of specific targets for each sector of the 
economy - especially those associated with emissions reductions - for the decade. This national 
plan is totally aligned with the goal of complete decarbonization by 2050, where the principal 
pillar is the increase of energy efficiency in different sectors (buildings, industry, agriculture, 
use of the soil), where other important aspects are also linked this plan, such as enhancement 
of the share of renewables in the final consumption matrix, energy supply security and inter-
connections and sustainable mobility (Diário da República, 2020). Becausee this document was 
approved after the beginning of the Coronavirus pandemic, it also reflects and takes into ac-
count a scenario of reaction and resumption of climate commitments in a context of extreme 
instability and provoked changes. 

Another milestone was the Lei de Bases do Clima (Climate Bases Law) - approved in the 
last day of December 2021, this law presents the guiding principles of the Portuguese climate 
policy and governance for the next years, aligned with the goal of carbon neutrality by 2050 
and a possibility to reach that by 2045. Here, different sectors of the economy are involved, 
where it entered into force on February 1. The most important difference between Roteiro 
Neutralidade Carbónica 2050 and Lei de Bases do Clima is that the last one is, in fact, a law, 
where obligations regarding climate action in a structural scale were stablished, while the first 
document focus more on defining ways and paths for the decarbonization, as well as technol-
ogies and progressions to achieve this main goal (Assembleia da República, 2021). 

A timeline of these three important Portuguese documents is presented in Figure 5.1. 
Regarding Renewable Energy Communities, important recent regulations with a view to 

accelerate the development these energy organizations in the country were created, where 
one of the most important ones is the Decreto-Lei nº15/2022 (Ordinance nº 15/2022), pub-
lished on January 14, 2022. Here, the Portuguese definition of a REC is provided, also with 
important rights to guarantee the citizen participation in those organizations and forms of the 
electrical national system to incorporate those entities (Diário da República, 2022). 

Also, in Decreto-Lei nº 30A-2022 (Ordinance nº 30A-2022), published on April 18, 2022, 
the promotion of RECs is done, in an exceptional and temporary way, through the reduction 
of bureaucracy and greater speed in the process of regularization of distributed generation 
systems - based on renewable energy sources - with the electric grid (Diário da República, 
2022). 
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 Another important step for the development of Portuguese RECs was the Decreto-Lei 
nº 72/2022 (Ordinate nº 72/2022), published on October 19, 2022. Here, even more ease was 
provided for approving and operating electro-producing centers of renewable energy sources, 
leaded by the scenario of Russian invasion of Ukraine and urgent necessity of increase of na-
tional energy supply security/reliability and participation of renewable energy sources in the 
matrix (Diário da República, 2022). 
 As previously mentioned, one of the main initial obstacles to the implementation of a 
REC is related to the initial capital needed to organize and launch the organizational. Therefore, 
governmental financing schemes that act to mitigate this financial barrier are crucial to spread 
these energy organizations in a national scale.  

An example of these actions can be seen in Portugal, through the Investimento de Apoio 
à concretização de Comunidades de Energia Renovável e Autoconsumo Coletivo (Investment 
to Support the implementation of Renewable Energy Communities and Collective Self-Con-
sumption), program founded by the European Union under the Portuguese Programa de Re-
cuperação e Resiliência (Recovery and Resilience Program). Here, the main goals are to en-
hance energy efficiency (at least, 30% reduction of primary energy consumption on the partic-
ipant buildings) and increase the capacity in self-consumption and/or Renewable Energy Com-
munities (residential, central public administration and services sectors) by, at least, 93MW. The 
maximum value given to each collective self-consumption or REC project is 500.00,00 euros 
and the total allocation of the program is 30 million euros (10 million euros for residential 
sector, 10 million euros for central public administration and 10 million euros for the service 

Figure 5.1 - Portuguese milestones regarding climate action (2023). 
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sector). The deadline for submitting applications was extended several times and runs from 
14th of June 2022 until 17th of February 2023 or until the total amount is reached, where it is 
made through an online platform (Fundo Ambiental, 2023). Figure 5.2 brings a scheme of this 
Portuguese financial project. 

 

 

 
 However, the number of Portuguese RECs and Collective Self-Consumption (CSC) or-
ganizations are not increasing rapidly. According to Environmental and Climate Action Minis-
try, by 20 January 2023, Portugal has only four RECs/CSCs in total operation and 372 licensing 
processes for these energy organizations, evidencing that the number of communities aiming 
to create a REC is increasing, but the national reality is still far from northern European coun-
tries as the Netherlands and Germany, where many RECs are already operating (Público, 2023). 
 The first Renewable Energy Community launched in Portugal in the summer of 2021 
and was created in a small town close to the border with Spain - Miranda do Douro. In this 
REC, a local site of a catholic brotherhood whose mission is to care for and support the sick 
and disabled (Santa Casa da Misericórdia de Miranda do Douro) is responsible for solar PV 
systems on different rooftops in order to reduce its costs with electrical energy. This project is 
provided by the company Cleanwatts, which aims to support the creation of a hundred RECs 
in small Portuguese villages (Sapo, 2021). In Figure 5.3, one of the PV systems associated with 
this REC is presented. Another example of a Portuguese project of REC is the AcerBatalha (As-
sociação da Comunidade de Energia Renovável da Batalha - Batalha Renewable Energy Com-
munity Association), located in the city of Batalha (center of Portugal). This REC involves many 

Figure 5.2 - Fundo Ambiental - Financing Programs (2023). 



 65

associations and companies, as well as the City Hall, the renewable generation is based on PV 
modules on rooftops of 25 public and commercial buildings associated with energy storage 
units (Câmara Municipal da Batalha, 2023). 
 

 

 
 Among these 372 licensing processes, some important projects of RECs in different 
regions of the country can be found. In the extreme south part of Portugal - the touristic region 
of Algarve - a pilot project of a REC in Culatra's Island has been promoted, based on new forms 
of energy consumption by households through energy management systems associated with 
renewable energy generation and the implementation of a new model of circular economy, 
where the profits and costs of this renewable generation will be distributed in order to promote 
the development of the local community. The whole project has the support of Algarve Uni-
versity and the local resident’s association (Culatra 2030, 2023). Figure 5.4 brings a view of one 
the existing PV plants near the island docks. 
 

 

Figure 5.3 - One of the PV systems of the REC in Miranda do Douro (2023). 

Figure 5.4 - Existing PV plant in the docks of Culatra's Island (Culatra Project, 2023). 
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55.2 Telheiras Neighborhood 

 Located in the Lumiar Civil Parish (with also a small area in the Carnide Civil Parish) 
Telheiras is a neighborhood of the north part of Lisbon, capital of Portugal. Its urbanization 
was planned in the 1970's, by EPUL (Public Urbanization Company of Lisbon), were many parks, 
green areas, and important connections with other parts of the city through three different 
expressways can be seen.  The neighborhood is considered mostly residential, where most of 
the residents belong to an upper-middle social class and are graduated (Contumélias, 2008). 

Most of the buildings in this neighborhood are symmetrical and residential, with shops 
on the ground floor, where commerce associated with general retail, offices, food services and 
health/beauty are the most presented in the location (Sequeira & Joanaz de Melo, 2020). A 
view of the area of this neighborhood is presented in Figure 5.5. 

According to the maps from Solargis (2023), Portugal - and especially Lisbon and the 
south region of the country - presents a propitious scenario for PV generation, where high 
values of average global irradiance are presented. This explains the wide use of PV systems in 
this country, being one of the pillars for the fulfillment of the Portuguese goals of decarboni-
zation. The map of global horizontal irradiation for Portugal can be seen in Figure 5.6, where 
the districts of Lisbon, Setubal, Evora, Beja and Faro present the highest values. Also, a view 
that presents the symmetry of the buildings in Telheiras can be seen in Figure 5.7. 

 

 

Figure 5.5 - Map of Lisbon - Telheiras (Sequeira & Mameri, 2022). 
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Figure 5.6 - Map of global horizontal irradiation - Portugal (Solargis, 2023). 

Figure 5.7 - Evidence of the symmetry of the buildings in the central area of Telheiras (2023). 
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55.3 Telheiras' Pioneering in Sustainability 

First, it is important to mention that Telheiras neighborhood plays a pioneering role in 
sustainable practices, environmental concern, and energy efficiency procedures, with a very 
united and organized community. It can be seen by the Parceria Local Telheiras (Local Partner-
ship of Telheiras) an informal network of around 20 formal entities and informal groups created 
in 2013, ranging from local organizations of parents of students from schools in the neighbor-
hood and the local association of residents, to the Lumiar Civil Parish and the local Public Se-
curity Police entity. The Associação Viver Telheiras is the formal entity that manages the work 
of Parceria Local Telheiras. A view of the entities and organizations that are part of the Parceria 
Local de Telheiras is presented in Figure 5.8. 

 

 

 
In this context, one important step took place in 2018, where a working group about 

sustainability was created - Grupo Pegada Ecológica (Ecological Footprint Group), also known 
as Grupo Telheiras Sustentável (Sustainable Telheiras Group) - with objectives regarding en-
hancing local sustainability and environmental concern. Important entities of Parceria Local 
Telheiras were also integrating this new group, such as, for example, the Lumiar Civil Parish 
itself. This can be seen as an important first step for all the existing projects regarding sustain-
ability, energy efficiency and renewable energy generation in Telheiras. 

In 2018, Telheiras neighborhood became a pilot-case on project Municipalities in Tran-
sition. This project has the objective of reuniting scenarios of collaboration between citizens 
and local public administration entities regarding sustainability, actions on climate change, 

Figure 5.8 - Parceria Local de Telheiras - Entities and organizations (Sequeira & Mameri, 2022). 
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community resilience and reduction of inequalities, in order to identify existing local sustaina-
bility actions and enhance their impact in the community, recognize new initiatives of programs 
and actions for enhancing the local sustainable development and share all this framework with 
other cases around the world (Municipalities in Transition, 2023). Among around 80 candidates 
around the world, the neighborhood of Telheiras was one of the six pilot cases selected. Figure 
5.9 brings an overview of all the selected pilot cases for the Municipalities in Transition project. 

 

 

 
In 2020, Grupo Telheiras Sustentável was opened to general citizens, facing many vol-

untary associations, and launched the "Networked Ideas" process - a project where the citizens 
could show their ideas of projects that they would like to be carried out in the community 
(Sequeira & Mameri, 2022). The first stage of this process occurred during a neighborhood 
festival, where the locals could write their ideas for the community in papers that were fixed in 
a structure in a central location of Telheiras (Figure 5.10). This first stage was also comple-
mented with an online survey. In the second stage, the group systematized all the ideas ac-
cording to its key stakeholder for implementation: local partnerships (type 1), local partnerships 
and local authorities (type 2), and local authorities (type 3), where distinct approaches were 
done for each typology. The principal ideas and approaches were: 
 
aa) Type 1 Ideas - Local Partnerships (29 Ideas) 

As these ideas only concerns for local partnerships that are led by the citizens of the 
neighborhood, a more hands-on approach is required. Here, the pilot project was the 

Figure 5.9 - Municipalities in Transition - Selected pilot cases (2023). 



 70

Biodiverse Telheiras, where volunteers were responsible for building shelters in the region for 
birds, bats, and pollinators, contributing to the local ecosystems. 

 

 

 
After this pilot idea, an online open call for volunteers began to start other groups from 

the Networked Ideas action, such as: Made-In Lumiar Brand (valorization of local handcraft 
products through the creation of a local brand) and Neighborhood Cleanups and Waste Re-
duction (call for the citizens to clean the public spaces of the neighborhood and promote the 
reduction of waste production by local households). The idea of a Renewable Energy Commu-
nity in Telheiras began here, as a Type 1 Idea. 
 
bb) Type 2 Ideas - Local partnerships plus local authorities (14 Ideas) 
 Since this type of idea requires not only actions provided by the citizens, it was neces-
sary to select among in order to contact the local authorities and focus on the most approved 
ones by the locals. To do so, an online public pool was done, where two selected ideas went 
to selection to Lisbon's participatory budget. Only one idea was selected: ReCoopera, a pro-
gram that aims to create an interactive space of theoretical and practical knowledge sharing 
among the residents of Telheiras, where the concept "do-it-yourself" promotes a creative en-
vironment and the empowerment of the citizens. 
 

Figure 5.10 - Networked Ideas - First stage (Parceria Local de Telheiras, 2020). 
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cc) Type 3 Ideas - Local authorities (15 Ideas) 
 This type of idea is the only one that the locals do not have any independence or ability 
to promote them entirely by themselves. Therefore, those 15 ideas were forwarded to the au-
thorities, expecting to be executed by those. 
  

A summary of the Networked Ideas action can be seen in Figure 5.11.  
 

 

 
This brief context showcases that Telheiras is already a "sustainable" neighborhood, with 

community engagement for a better future regarding environmental, social, and economic 
questions.  

5.4. Telheiras Renewable Energy Community 

In this section, the creation, operational forms, and organizational structure of Telheiras 
REC will be presented, being the study case of this dissertation. Finally, the current status of 
development of the project will be shown, linking to the work presented in the results section. 

5.4.1. Creation Process 

As previously mentioned, the initial idea of a Renewable Energy Community in Telheiras 
appeared in 2020, with the local action Networked Ideas as one of the Type 1 ideas. However, 
it is important to mention that previous work in the topic of energy efficiency was performed 

Figure 5.11 - Networked Ideas - A Summary (2023). 
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in Telheiras, namely a master's thesis in Environmental Engineering at FCT-NOVA (Sequeira, 
2016) and an associated published article (Sequeira & Joanaz de Melo, 2020), where, with these 
studies, a start for the energy analysis of the locality was done. 

In September 2021, at a local festival, Grupo Telheiras Sustentável started the discussion 
to put into practice some of the ideas from the action Networked Ideas, where the discussions 
about a REC in Telheiras started. The main pillars about the implementation process of this 
energy organization were: who (which persons/entities could be involved), with who (which 
natural actors should also be involved), what (what do we imagine that could be done), for 
what (what are the objectives of this action), how (what is necessary for put in practice) and 
where (in which sites could it happen). This session counted with the participation of one expert 
from Lisboa E-Nova - Lisbon's Environmental and Energy Agency. A photography of this meet-
ing can be seen in Figure 5.12, as well as the original paper that was filled with these pillars and 
their respective answers in Figure 5.13. 

 

 

 
This initial idea of the REC was formulated as "Let's produce our own renewable energy 

in Telheiras and share it among neighbors" and was based on three levels: 
 

Figure 5.12 - Meeting at a local festival - Initial discussions regarding the implementation of a REC in Telheiras  
(Parceria Local de Telheiras, 2021). 
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- Communication and raising awareness about energy efficiency, energy poverty and re-
newable energy systems among residents and local organizations. 
- Facilitate contact with companies in the electricity sector, suppliers, and other important 
players, also supporting families, condominiums, and local businesses. 
- Develop and invest in local projects to improve energy performance and energy pro-
duction through renewable sources. 
A summary of the answers and results obtained in this meeting is shown in Figure 5.14. 

 
Figure 5.14 - Summary of the answers to main questions about the implementation process of the REC (2023). 

Figure 5.13 - Original paper filled at Telheiras Festival - Answers for the six main questions  
(Parceria Local de Telheiras, 2021). 
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After this big initial step, a voluntary working group to realize this REC implementation 
process was created in November 2021. One of the first actions of this group was the organi-
zation of a public session in February 2022, with the topic "Renewable Energy Communities: 
What? How? And in Telheiras?", which increased the local acceptance and knowledge about 
RECs and gathered new volunteers to the group. This session counted with the participation 
of the Parceria Local de Telheiras, the Lumiar Civil Parish, Coopérnico (cooperative that acts 
with the development of these local citizen organizations), and FCT-NOVA (Figure 5.15). So, in 
2022, several other actions began to be carried out to get the project off the ground. 
 

 

55.4.2 Pilot Project: Structure 

 A game changer partner for the Telheiras REC has been the Energy Poverty Advisory 
Hub (EPAH) - focused o the reduction of energy poverty and enhancement of energy citizen-
ship in the transition, this EU initiative provides support, training with experts and research 
results through a collaborative environment of stakeholders, municipalities, and authorities for 
sharing and providing measures for the reduction of energy poverty. Technical support is given 
after the evaluation of applications and requests for support from municipalities and civil par-
ishes across the EU, where tailored technical assistance is given to chosen local authorities and 
which supported by expert institutions for developing the local projects (EPAH, 2023).  

Figure 5.15 - Public session in Telheiras about the development of a REC (Parceria Local de Telheiras, 2022). 
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In the case of Telheiras, the Renewable Energy Community development was selected to 
be part of the first roster of the EPAH supported technical assistance projects, where the chosen 
institution to help this development and the implementation process was Coopérnico - Re-
newable Energy Cooperative. The original poster of Telheiras' candidacy to participate in EPAH, 
as a partner with the Lumiar Civil Parish, is shown in Figure 5.16. 

 

 

 
 After selected, the workplan for the support provided by EPAH was developed and 
based on three main pillars: 
 
aa) Energy poverty analysis in Lumiar 
 To classify and understand the characteristics of energy poverty in the parish of Lumiar, 
aiming to obtain a diagnosis of vulnerability, a complete study was developed in September 
2022, in partnership with the experts from CENSE (Center for Environmental and Sustainability 
Research) from FCT-NOVA. The methodology relies on two components of analysis: calculation 
of the thermal discomfort gap and calculation of the adaptive capacity of the population. The 

Figure 5.16 - Telheiras' project overview - Original poster (EPAH, 2022). 
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first one is associated with comparisons between the theoretical final energy consumption for 
heating and cooling and the effective consumption, and the last is linked to the vulnerability 
of the population to the consequences of energy poverty, measured through social economic 
aspects of the residents such as average income, age, unemployment index, state of the build-
ings and education degree. Then, combining these two parameters, an index of vulnerability 
to energy poverty was calculated for the winter and the summer, ranging from 1 (best scenario) 
to 20 (most vulnerable situation) (Palma & Gouveia, 2022). The two resulting maps for Lisbon 
are presented in Figure 5.17 and 5.18. 

 

 

Figure 5.17 - Vulnerability to energy poverty in Winter - Lisbon (Adapted from Palma & Gouveia, 2022). 

Figure 5.18 - Vulnerability to energy poverty in Summer - Lisbon (Adapted from Palma & Gouveia, 2022). 
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 The obtained results show that the Lumiar civil parish is one of the less vulnerable civil 
parishes in the country regarding energy poverty, ranked in position #3,089 in winter and 
#3,086 in summer, among 3,092 Portuguese parishes. Inside Lisbon, Lumiar is the least vulner-
able parish in winter and the fourth less vulnerable in summer, while still presenting significant 
energy performance gaps for both summer and winter. One of the reasons is that this parish 
is in the last severe climate area in winter and its residents have a high index of ownership of 
heating equipment (Palma & Gouveia, 2022). However, energy poverty is an endemic problem 
in Portugal. Using an average value for a territory may lead to neglecting vulnerable commu-
nities that can be better identified and supported through local-scale action. 
 This study was important for the development of the REC because it is necessary to 
make a diagnosis of the situation through a complete characterization of the location regard-
ing these topics - energy consumption, energy poverty - in order to tackle energy related 
problems and enhance energy justice, in a local scale.  
 
bb) Design of the pilot project of the REC and development of the financing scheme 
 One of the most important parts of the implementation process of a REC is the defini-
tion of the structure and operational model. In Telheiras, two options for the pilot project were 
defined in a partnership between the Parceria Local de Telheiras, Civil Parish of Lumiar, Coopé-
rnico, and EPAH through CENSE, FCT-NOVA team. Herein, two stages of the REC were studied: 
the installation stage and the operating stage (Parceria Local de Telheiras & Coopérnico, 2023). 

Due to favorable conditions of solar irradiation, ease, modularity, and speed in the in-
stallation process and the available rooftop area, the chosen renewable energy system for both 
options were solar photovoltaics in the form of BAPVs on rooftops.  
 

 Option 1: Original concept by Grupo Telheiras Sustentável 
 
- Management of the REC: Parceria Local Telheiras (Local Partnership of Telheiras). 
- Formal legal structure of the REC: Associação Viver Telheiras, filed together with the Lumiar 
Civil Parish.  
 
Installation Stage 
 

Stakeholders invest a variable amount of money to be members of the REC, aiming to 
obtain financial profits and helping with the development of the neighborhood. These 
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investors are not obligatory residents of Telheiras. Then, a contract with the investor and the 
Associação Viver Telheiras is made. Social members could be involved, being members who 
do not need to invest to be part of the community or may invest symbolic values but do con-
sume electricity. Not all the investor members become consumers of the REC. With a certain 
amount of capital, it becomes possible to purchase and pay for the PV system, also guarantee-
ing the maintenance cost for the first year of operation. Then, the Associação Viver Telheiras 
licenses the REC with the responsible entity (Direção-Geral de Energia e Geologia - Directorate-
General for Energy and Geology), as a Collective Self-Consumption Management Entity (CSME) 
and identifies the members/consumers of the REC through the energy meter identifier number 
with an associated sharing coefficient and an internal regulation of the entity. In this model, 
the sharing coefficient would be dynamic and proportional to the consumption of each partic-
ipant at each moment in time. A scheme of the installation stage of Option 1 can be seen in 
Figure 5.19. 

 

 
OOperation Stage 
 
 Monthly, Associação Viver Telheiras receive information from the grid operator that 
manages the electrical system about the total amount of generated electricity by the PV sys-
tems and the amount that was "delivered and consumed" by each member, measured through 
smart meters every 15 minutes. Then, an energy bill is sent by Associação Viver Telheiras to its 

Figure 5.19 - Option 1: Installation stage of the REC in Telheiras (2023). 
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members (monthly, quarterly or semiannually) that includes an energy tariff (euros per kWh) 
lower than the one that members would pay for the conventional way of consumption (electric 
provider), taxes and the grid access fee. The adjustment of the energy tariff aims to pay the 
investors of the community, taxes, operational costs, and maintenance. After reaching the pay-
back time of the initial investment, the tariff will be reduced (only operational and maintenance 
costs). Then, members of the REC pay those bills to the Associação Viver Telheiras, benefiting 
from those reduced tariffs and helping the energy transition (renewable energy generation). 
Smaller tariffs could be provided for energy-poor participants. Annually, this organization gives 
back to its investors a fraction of the initial investment until they receive the total invested 
amount. 

A scheme of the operation stage of Option 1 can be seen in Figure 5.20. 

 

 
 OOption 2: Optimized concept (supported by Coopérnico) 

 
- Management of the REC: Parceria Local Telheiras (Local Partnership of Telheiras), filed to-
gether with the Lumiar Civil Parish. 
- Formal legal structure of the REC: Associação Viver Telheiras.  
 
Installation Stage 
 

Figure 5.20 - Option 1: Operation stage of the REC in Telheiras (2023). 
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Investors pay a fixed initial amount to the Associação Viver Telheiras to become mem-
bers of the REC or, alternatively, a variable amount according to differences in the consump-
tion. All members need to be within a 2km range a PV system from the REC. A defined quantity 
of social members is admitted inside this entity, where the initial amount can be paid by the 
Lumiar Civil Parish, as a donation or even by an external entity. All the members of the REC 
have a fixed sharing coefficient of the generated energy. With a certain amount of capital, it 
becomes possible to purchase and pay for the PV system, also guaranteeing the maintenance 
cost for the first year of operation. Then, the Associação Viver Telheiras licenses the REC with 
the responsible entity (Direção-Geral de Energia e Geologia - Directorate-General for Energy 
and Geology), as a Collective Self-Consumption Management Entity (CSME) and identifies the 
members/consumers of the REC through the energy meter identifier number with an associ-
ated sharing coefficient and an internal regulation of the entity. 

A scheme of the installation stage of Option 2 can be seen in Figure 5.21. 

 

 
OOperation Stage 
 
 The generated electricity through the PV modules will be distributed among the mem-
bers according to the fixed sharing coefficient. Quarterly, the Associação Viver Telheiras re-
ceives data from the entity that manages the electric system but, since each member has al-
ready paid - or, in the case of the social members, other person/entity or the Lumiar Civil Parish 

Figure 5.21 - Option 2: Installation stage of the REC in Telheiras (2023). 
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paid for him/her - it has the right to consume energy according to the coefficient without 
another costs and, due to that, taxes are not paid (optimization of the payback time). Energy 
that is not used by the members can be sold by the Associação Viver Telheiras, where this 
income is used for the REC itself. Using fixed sharing coefficients turns the management of the 
energy distribution among members easier and more efficient. Finally, the costs of operation 
and maintenance are paid as a fee by the members to the association. 

A scheme of the operation stage of Option 2 can be seen in Figure 5.22. 

 

 
 For both options, a financial analysis was made by Parceria Local Telheiras and Coopé-
rnico, analyzing the financing forms, return of the investment and payback time of the PV sys-
tems. In both options, the members will have an active vote in managing the REC through 
being associated of Associação Viver Telheiras, presenting a real case of energy citizenship. 
 The optimized concept provided by Coopérnico brings many advantages, such as pre-
senting an investment that is distributed similarly among participants, investors and consumers 
as only one player in the REC, clarification of the insertion of social members, simplification of 
processes and less burden on Associação Viver Telheiras by not having to emit invoices or pay 
loans and the enabling the possibility to transfer the position in the community to someone 
else. Also, the original concept has crucial disadvantages, as the necessity to make contracts 
with each investor and the fact that the associated investment is too low and with a low return 
to be a competitive financial asset. 

Figure 5.22 - Option 2: Operation stage of the REC in Telheiras (2023). 
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bb) Local communication and engagement plan 
 In a partnership with Associação Viver Telheiras and Coopérnico, a local communication 
and engagement plan is being developed, in order to enhance the acceptance of the process 
of creation of a REC in the neighborhood and renewable energy systems, as well as promoting 
and attracting new possible future members of this entity. Most of the times, this was done 
through participation of the member of Grupo Telheiras Sustentável in local events and festi-
vals and in other meetings/events regarding energy efficiency, sustainability, and renewable 
energy sources. 
 Figures 5.23 to 5.25 brings some photographs of those events and festivals. 
 

 

 

 

Figure 5.23 - Presentation about REC Telheiras (2022). 

Figure 5.24 - Presentation about REC Telheiras - Telheiras Festival 2022 (2022). 
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55.4.3. Partners 

In this context, the pilot project for implementing REC Telheiras is being promoted by 
Parceria Local Telheiras and the Lumiar Civil Parish with the technical support of Coopérnico 
and FCT-NOVA in the scope of EPAH. These are the important partners of this process of im-
plementing this energy organization. 

The Lumiar Civil Parish is the main beneficiary of EPAH's support and is acting in order 
to promote the creation of this energy organization, recognizing the opportunity to enhance 
the citizen participation in the transition and the acceptance of renewable energy sources in 
the region. Also, the Lumiar Civil Parish successfully requested the approval of the installation 
of PV modules to Lisbon Municipality in two of its buildings and will, probably, also be an 
effective member of the REC. 

FCT-NOVA contributed actively with academic work and research about energy effi-
ciency, energy poverty and Renewable Energy Communities, always linked with this specific 
project and acting actively in meetings and the development of the pilot project. The present 
dissertation itself was done with an active participation in this development process, discus-
sions and meetings with partners and presence in important events and festivals for promote 
the local communication associated with the creation of this energy organization. 

Figure 5.26 shows the kick-off meeting in October 2022 with all partners: Parceria Local 
Telheiras, Lumiar Civil Parish, Coopérnico, FCT-NOVA and EPAH. 

Figure 5.25 - Apresentation about REC Telheiras - Telheiras Magusto Festival 2022 (2022). 
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Figure 5.26 - Meeting with representants of Coopérnico, Lumiar Civil Parish, Grupo Telheiras Sustentável and 
EPAH (2022). 
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66 
 

RESULTS AND DISCUSSION 

In this chapter, the results obtained in the literature review and analysis/development 
of the Study Case will be presented, as well as a discussion about these themes and results. To 
do so, this chapter will be organized in six sections: impact of RECs on energy poverty, impact 
of RECs on energy citizenship, photovoltaic simulations for REC Telheiras, analysis of the im-
plementation process of REC Telheiras and comparisons betweeen the Study Case and existing 
RECs. 

6.1 Impact of RECs on Energy Poverty 

 The creation of a Renewable Energy Community has several local positive impacts. In 
this scenario, these energy organizations may reduce energy poverty, but, since a REC can be 
implemented and operated in many different ways, having different purposes, type of mem-
bers and objectives, it is not right to say, with complete certainty, that this will occur. One 
important aspect is that the REC may reach the energy vulnerable ones (citizens who suffer the 
most about energy poverty), what can be translated as a bigger challenge, since those citizens, 
most of the time, are the ones that have lesser knowledge about these energy actions, urgency 
of the energy transition and climate change effects, as well as lower available capital for invest-
ing to become members of a REC. 

However, most of the RECs do reduce energy poverty, being able to act in all the pillars 
of this concept (developed and developing countries). Depending on the form of operation 
and the structure of the REC, some examples can be presented, such as: 

 
- Profits from the distributed generation after reaching the payback time of the system:  since 
those renewable energy systems have a relative long lifetime - for example, most of the PV 
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modules manufacturers guarantee 80% of the initial generation after 25 years of operation - 
after reaching the payback time most of the generated energy will be seen only as a profit, 
since the members, according to stipulated sharing coefficients or fixed fractions, will consume 
this generated energy after receiving back the initial invested amount in the form of lower 
energy bills. Also, this value that now is not paid to the electric service provider can be used to 
buy more efficient electric equipment and invest in possible renovations of houses, commerce, 
and buildings, providing more comfort and reducing energy consumption through higher en-
ergy efficiency. 
 
-- Sell of the surplus energy to the grid: through on-grid renewable energy systems and possible 
contracts with the service provider, a REC can sell the surplus of the generated energy to the 
grid, where this extra income can be used to pay for energy fees (access fee and other ones 
associated with the electric grid) and costs associated with operation and maintenance of the 
renewable systems of the REC. Also, this amount can be saved for a certain quantity of months 
and then used to promote events and workshops about energy efficiency procedures to the 
members, resulting in lower energy consumption in the household environment. 
 
- Partnerships with the municipalities that are interested in enhancing the share of renewable 
energy generation and increasing the number of prosumers:  this leads to higher energy secu-
rity and reliability, as well as the fact that this increased citizen participation in the transition 
and greater sustainability practices are important political aspects. Here, the municipality can 
promote lower energy tariffs through subsides with the local energy provider or even being a 
member of the REC itself, where more actions inside the community towards energy equity can 
be done through these local governmental institutions. 
 
- Energy storage systems: in scenarios of lack or high level of insecurity in energy supply, a REC 
can promote energy storage systems connected to renewable energy generation, being able 
to operate in a total or almost completely isolated way. Since this collective investment on 
batteries and generation equipment is way lower than the costs associated with electric grid 
extension procedures and does not only depend on authorities and governments,  this solution 
can be seen as the opportunity for more citizens to have electricity in their homes or enhance 
the reliability on the energy supply, being able to use this energy for basic needs (cooking and 
cooling/heating systems) and change from traditional fuels (wood, agricultural waste and ani-
mal waste) to electricity. This leads to a substantial enhancement of life quality and reduction 
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of absolute poverty. Also, energy storage systems can be used for energy flexibility practices, 
where during peak hours, the energy demand will be supplied by the batteries, while they will 
recharge during the other period of the day, avoiding consumption from the grid during the 
hours when the tariffs are significantly higher. 
 
 It is important to highlight that this reduction on energy poverty is crucial for a fair and 
more equal energy transition, as part of the population is more vulnerable to the impacts of 
this concept (factors as age and state of health can aggravate these negative impacts). 
 Figure 6.1 brings a summary of these examples of how a Renewable Energy Community 
can act to reduce energy poverty among its members. 

 
Figure 6.1 - Examples of how RECs can act to reduce energy poverty (2023). 
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66.2 Impact of RECs on Energy Citizenship 

 Similar to energy poverty, the impact of a Renewable Energy Community on the level 
of energy citizenship of its members depends strongly on the structure and operating charac-
teristics of this energy entity. Some RECs are managed by specific organizations and entities, 
also with stakeholders and investors that are not citizens or individuals, and some RECs were 
created from local citizen actions and formed only by local residents - this sensible differences 
impact strongly on how of this entity will affect the energy citizenship of its members, where it 
is clear that the last ones will provide more empowerment of the members, since the energy-
related decisions and governance of the REC will be done through individual members and a 
citizen-led organization for management of the entity. 
 Climbing the ladder of energy empowerment means putting the citizens in an active 
position in the energy transition, where these individuals recognize their importance and re-
sponsibility for the questions related to climate change and energy demand/supply. However, 
different members of a REC have different levels of knowledge regarding energy consumption, 
generation, and efficiency. In this concept, a REC can act on different forms to enhance the 
energy citizenship of its members, such as: 
 
- Enhancement of energy literacy: the REC can provide sessions, workshops, and events to 
present and discuss simple energy efficiency procedures in a household environment, leading 
to lower energy consumption and higher energy consciousness. Here, the focus may not only 
be on costs and energy bills, but also focusing on the importance that everyone has in the 
energy transition and in the action regarding climate change. It is also important to provide 
information for the members regarding their energy needs, aiming to explain how their basic 
energy needs in households can be supplied in an efficient and intelligent way and providing 
knowledge about energy consumption associated to basic home appliances. Through this pro-
cess, members will understand how and why they consume the actual amount of energy in 
their homes, also knowing how they can consume less with the same comfort and life quality. 
 
- Increase on the acceptance of renewables: in many situations, renewable energy systems are 
not a topic that the public have knowledge about the conversion processes, equipment, and 
associated benefits - some people have never seen a PV module or wind turbine and does not 
even know how these systems can provide electric energy. The REC can act in this link between 
renewable energy systems and the citizens, providing information about the mechanisms and 
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process associated with energy conversion (with a general easy-to-understand language) and 
making these systems and their benefits closer to the community. This will lead to more ac-
ceptance about renewables, where the REC may also face an increase of the acceptance and in 
the number of its members. This share of knowledge provided by the REC can also foster the 
creation of local companies in renewable energy, electricity services and energy efficiency, as 
well as the increase in demand by individuals for training courses in installation, design, and 
maintenance of those systems, creating local economic development. 
 
-- Raise awareness about citizen participation in the transition: many recent directives and reg-
ulation regarding climate action and energy transition highlight the importance of the partici-
pation of the citizens in this process. The REC itself is a proof of it, but this entity can also act 
enhancing the consciousness of the citizens about the importance of local actions by all the 
individuals and how this will affect the energy transition and economy decarbonization. Putting 
the members in a position of decision-makers on local energy questions make them under-
stand their importance in this scenario of climate change, where this can also lead to more 
acceptance and participation in the REC. 
 

Figure 6.2 brings a summary of these examples of how a Renewable Energy Community 
can act to enhance energy citizenship among its members. 

 
Figure 6.2 - Examples of how RECs can act to enhance energy citizenship (2023). 
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66.3 Photovoltaic Simulations - REC Telheiras 

 Before the start of the present dissertation, it was already decided that the type of re-
newable energy generation for REC Telheiras was PV systems. However, there was only one 
preliminary analysis of PV generation in a specific building of the neighborhood, made by 
Coopérnico, with a low level of detail. Therefore, a complete PV simulation, sizing and shadow 
analysis was done in six specific buildings of the neighborhood - namely, Lagar of São Vicente's 
Farm, Mira Rio School and Telheiras Church (here, will be considered as only one building), 
Telheiras EB1 School, Orlando Ribeiro Library Auditorium, Lumiar Civil Parish Headquarters and 
Alto da Faia Multisport Gym. 
 All of the six PV simulations started with a complete shadow analysis according to the 
surrounding area, constructive elements of the building and level differences between different 
roof areas. Then, defined optimized areas of the roofs for installing PV modules were defined 
and the maximum number of modules was defined to this area. After that, using a specific PV 
software - HelioScope - the amounted of annual generated energy was obtained. A budget 
estimation was done for each system, where an approximation done by Coopérnico was used 
(1,000 euros per installed and operation kW of PV system).  
 The results of these PV simulations will be presented individually for each building in 
the next sections of this dissertation.  

6.3.1 Lagar of São Vicente's Farm 

 The old Lagar of São Vicente's Farm is a building owned by Lisbon Municipality that 
nowadays is managed by the Lumiar Civil Parish and commonly used by Parceria Local Tel-
heiras for local events and meetings, being a hub in Telheiras of this civil parish. This building 
is in a central area of Telheiras, close to a metro station and two important gardens of the 
neighborhood. Figure 6.3 shows a photo of this building. 
 First, it is important to emphasize that only a specific roof area of this building was 
analyzed, since the other parts of the roof are much older and may need repair works soon. 
Figure 6.4 emphasizes this area that can receive PV modules. 
 
Shading analysis 
 

After analyzing the surroundings of this building and, specifically, the area that is pre-
pared to receive the PV system, it becomes clear that there are no higher buildings or trees 
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close to this building, where the only shading element is the chimney present in the building 
itself. Here, this element was not measured, but, for safety reasons, a height of 1.2m was esti-
mated (certainly this chimney is shorter, but it is better to assume this worst scenario in order 
to obtain results with more reliability). 

 

 

 

 

Figure 6.3 - Lagar of São Vicente's Farm (2023). 

Figure 6.4 - Lagar of São Vicente's Farm - Area for PV modules (Google Earth, 2023). 
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 So, for maximizing the PV generation and avoid shading caused by the chimney, only 
the south part of the roof will be used and an area too close to the chimney is avoided. Then, 
the area used for installing PV modules is presented in Figure 6.5, with estimated area of 54.3m² 
and estimated slope of 18.4º (this value was estimated according to the dimensions of this roof 
area).  
 

 

 
PPV Sizing 
 
 Before sizing the PV system in this defined area, due to its different dimensions, an 
analysis of the preferred orientation of the modules was done - namely, portrait or landscape 
orientation. Here, with the landscape orientation it was possible to install more PV modules 
than the portrait orientation and, due to that, landscape orientation was selected. This com-
parison can be seen in Figure 6.6. 

 

Figure 6.5 - Lagar of São Vicente's Farm - Area for PV modules after shading and generation analysis (Helio-
Scope,2023). 

Figure 6.6 - Lagar of São Vicente's Farm - Analysis of orientation of PV modules (HelioScope, 2023). 
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So, with the selected orientation, the defined PV system parameters are: 
 
-- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 16 modules. 
- Total installed power: 7.36kWp. 
- Frequency inverter: Sungrow SG-7.0 7kW (good relation between price and market availabil-
ity), with a factor of 1.05 of oversizing. 
- Number of frequency inverters: unique inverter. 
 
PV Simulation 
 

Before executing the simulation of the system, an analysis of the effect of the possible 
shading due to the presence of the chimney was done, as the results are presented in Figure 
6.7. It can be seen that modules M1, M2, M3 and M4 will suffer a low incidence of shading 
during the year. One of the forms to avoid this aspect to affect the whole generation of the 
system is to divide the system into two strings (S1 and S2), where the modules that may suffer 
more with shading must be in the same string. This division of strings is shown in Figure 6.8. 

 

 

 

 

Figure 6.7 - Lagar of São Vicente's Farm - Shading effect on PV modules - Part A (HelioScope, 2023). 

Figure 6.8 - Lagar of São Vicente's Farm - Shading effect on PV modules - Part B (HelioScope, 2023). 
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After this division, the simulation was done, where the results and parameters are pre-
sented in Figure 6.9. 

 

66.3.2 Mira Rio School and Telheiras Church 

Opened in 2017, the Mira Rio School is a modern private school located in Telheiras, 
with a large roof open central area and a geminated building to the Telheiras Church. Due to 
this reason, the analysis and simulation will be done as only one building. The selection of this 
building was done due to its conditions and to provide REC Telheiras with an alternative be-
yong public buildings. Figure 6.10 brings a view of the entrance of this school. 

 

 
Figure 6.10 - Mira Rio School entrance (2023). 

Figure 6.9 - Lagar of São Vicente's Farm - PV Simulation (HelioScope, 2023). 
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RRoof/Shading Analysis 
 
Due to the large roof area with different orientations and characteristics, the first action 

in this building was to analyze, separately, each roof area. Here, they will be denoted as A1 to 
A7, as presented in Figure 6.11. 

 

 

 
a) Roof Area A1 

This roof area has orientations east and west, where a difference level is presented be-
tween the south and the north part of this area (Figure 6.12). Since this area is the closest to 
the façade of the church, there is an architectural element higher than this northern part of A1. 
Also, there is the tower of the church, that represents a significative shadow element for this 
area.  

Therefore, to avoid as much as possible the shading of the façade element and the 
tower of the church, a really small area with west orientation will be used for PV modules fixa-
tion, where installing a PV system in this area is not attractive from both economic and tech-
nical analysis. So, A1 will not receive PV modules, since there are more attractive areas on this 
building to be utilized for PV generation. 

Figure 6.11 - Mira Rio School and Telheiras Church - Area division (Adapted from Google Maps, 2023). 
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b) Roof Area A2 

This roof area has a large fraction with an optimized orientation for PV generation 
(south), without any shading elements or close higher roof areas (Figure 6.13). So, this area will 
be utilized for the PV generation. The system of area A2 will be denoted as System 2 (S2). 

 

 

 
c) Roof Area A3 
 This roof area has orientations west and east, with a not large total area (Figure 6.14) 
This site could be used for PV generation, but, in the specific case of this building, there are 
more interesting areas to use for PV modules. So, this area will not be used for PV generation. 

Figure 6.12 - Mira Rio School and Telheiras Church - Area A1 (Google Maps, 2023). 

Figure 6.13 - Mira Rio School and Telheiras Church - Area A2 (Google Maps, 2023). 
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d) Roof Area A4 
 This area can be seen as a connection between two parts of the building, with high 
differences of level and a small available area (Figure 6.15). Here, since this area is a flat slab, 
the PV structure needed is similar to the ground-mounted systems, where problems associated 
with self-shading of different rows of modules can occur, especially in small areas as A4. So, 
due to these reasons, this area will not be used for PV generation. 
 

 

Figure 6.14 - Mira Rio School and Telheiras Church - Area A3 (Google Maps, 2023). 

Figure 6.15 - Mira Rio School and Telheiras Church - Area A4 (Google Maps, 2023). 
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ee) Roof Area A5 
 Like A4, area A5 suffers from a high-level difference in its west side and has not large 
dimensions (Figure 6.16). Ground-mounted structures will also be needed, where problems 
with self-shading will definitely occur in a significant way. So, this area will not be used for PV 
generation. 
 

 

 
f) Roof Area A6 
 A6 has a large area for PV modules fixation, with also an easy access for maintenance. 
There are some flat plate collectors already installed for preparation of hot water (Figure 6.17). 
Here, the possibility of south orientation with ground-mounted structures and the large di-
mensions (possibility to avoid self-shading) are also benefit for PV generation. The only atten-
tion points are the parapets, where can be shading elements - a centralized distribution of the 
modules can solve this possible problem. So, PV modules will be installed in A6 as System 6. 
 

 

Figure 6.16 - Mira Rio School and Telheiras Church - Area A5 (Google Maps, 2023). 

Figure 6.17 - Mira Rio School and Telheiras Church - Area A6 (Google Maps, 2023). 
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gg) Roof Area A7 
 A7 is a large area interesting for PV generation, especially its southern fraction (Figure 
6.18). Here, ground-mounted structures in a single row of PV modules facing south will be an 
adequate solution, also with an easy access to maintenance and far from the equipment lo-
cated in this roof area. So, A7 will be used for PV generation and will be denoted by System 7. 
 

 

 
 A summary of the areas that will be and will not be used for PV generation is presented 
in Figure 6.19. 
 

 

Figure 6.18 - Mira Rio School and Telheiras Church - Area A7 (Google Maps, 2023). 

Figure 6.19 - Mira Rio School and Telheiras Church - Roof Areas Evaluation (Adapted from Google Maps, 2023). 
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PPV Sizing 
 
 The PV sizing will be done individually for each system (S2, S6 and S7). Figures 6.20 to 
6.22 present a view of each designed system, as the results will be presented individually. 
 
a) System S2 (Area A2) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 28 modules. 
- Total installed power: 12.88kWp. 
- Frequency inverter: Sungrow SG-10 10kW (good relation between price and market availa-
bility), with a factor of 1.29 of oversizing. 
- Number of frequency inverters: unique inverter. 
 

 

 
b) System S6 (Area A6) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 48 modules. 
- Total installed power: 22.08kWp. 
- Frequency inverter: Sungrow SG-20 20kW (good relation between price and market availa-
bility), with a factor of 1.10 of oversizing. 
- Number of frequency inverters: unique inverter. 

Figure 6.20 - Mira Rio School and Telheiras Church - S2 - A2 PV Sizing (HelioScope, 2023). 
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-- Special characteristics: centralization of the modules in order to avoid shading caused by the 
parapets. Modules with 30º of inclination (similar to Lisbon latitude - maximize generation). 
 

 
 

 
b) System S7 (Area A7) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 55 modules. 
- Total installed power: 25.30kWp. 
- Frequency inverter: Sungrow 25CX 25kW (good relation between price and market availabil-
ity), with a factor of 1.01 of oversizing. 
- Number of frequency inverters: unique inverter. 
- Special characteristics: unique row of PV modules where, in the middle, there is a passage for 
maintenance. Modules with 30º of inclination (similar to Lisbon latitude - maximize generation). 
 

Figure 6.21 - Mira Rio School and Telheiras Church - S6 - A6 PV Sizing (HelioScope, 2023). 
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PPV Simulation 

 
The simulation of these three systems will be done separately, where the results are 

presented in Figures 6.23 to 6.25. 
 

 

 

Figure 6.22 - Mira Rio School and Telheiras Church - S7 - A7 PV Sizing (HelioScope, 2023). 

Figure 6.23 - Mira Rio School and Telheiras Church - S2 - A2 PV Simulation (HelioScope, 2023). 
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Figure 6.24 - Mira Rio School and Telheiras Church - S6 - A6 PV Simulation (HelioScope, 2023). 

Figure 6.25 - Mira Rio School and Telheiras Church - S7 - A7 PV Simulation (HelioScope, 2023). 
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66.3.3 Telheiras EB1 School 

 Telheiras EB1 School is one of the public schools of the neighborhood. Recently reno-
vated, this building has also a large area of roofs with different orientations, slopes, and char-
acteristics. It should be noted that the view of this building is still not updated in Google Maps, 
thus the roofs may have changed slightly. However, the recent renovation did not alter the 
area and configuration of the building. Primary schools are owned by the Lisbon Municipality 
but managed by the Civil Parishes. Figure 6.26 brings a view of the entrance of the school. 

 

 

 
Roof/Shading Analysis 

 
A similar process that was done for analyzing roof areas of Mira Rio School/Telheiras 

Church will be done in Telheiras EB1 School. Here, they will be denoted as A1 to A9, as shown 
in Figure 6.27. 

 

Figure 6.26 - View of Telheiras EB1 School (2023). 

Figure 6.27 - Telheiras EB1 School - Area Division (Adapted from Google Maps, 2023). 
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aa) Roof Area A1 
This roof area is flat with fiber cement tiles, with significant dimensions and no near 

shading elements. This area should be utilized to PV generation, but ground-mounted struc-
tures to promote an adequate inclination of the modules should not be used - these structures 
are not adapted for fiber cement tiles, where the fixation may not be adequate, and the security 
of the system might be affected. Figure 6.28 shows this roof area, as the system of this location 
will be denoted as System 1 (S1). 

 

 

 
b) Roof Area A2 

This roof area is also covered with fiber cement tiles, but now the roof is not flat. A2 is 
a really small area that faces a certain level of shading due to A1 so, due to these reasons, roof 
area A2 should not be used for PV generation, as it is not economically and technically inter-
esting for this purpose. Figure 6.29 brings a view of A2. 

 

 

Figure 6.28 - Telheiras EB1 School - Area A1 (Google Maps, 2023). 

Figure 6.29 - Telheiras EB1 School - Area A2 (Google Maps, 2023). 
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cc) Roof Area A3 
Like A1, A3 is a roof area of flat fiber cement tiles. Although this area has significant 

dimensions, A2 promotes shading effects on a significant part of this roof area and there is 
another area with a different level on the south part of A3, also promoting shading effects. 
Due to these reasons and combined with the fact that is a flat roof area, PV modules should 
not be installed to this roof area. Figure 6.30 presents a view of roof area A3. 

 

 

 
d) Roof Area A4 

Another roof area with flat fiber cement tiles, also with significant dimensions, but now 
there are no shading elements or differences of level in the surroundings. Only a three, in the 
south part, might promote a certain level of shading, but the extreme region of this area can 
be avoided. So, A4 will be utilized for PV generation and its system will be denoted as System 
4 (S4). Figure 6.31 brings a view of this roof area. 

 

 

Figure 6.30 - Telheiras EB1 School - Area A3 (Google Maps, 2023). 

Figure 6.31 - Telheiras EB1 School - Area A4 (Google Maps, 2023). 
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ee) Roof Area A5 
 Area A5 has a significant slope and high parapets, as can be seen as a shading element. 
Also, it is one of the smallest roof areas of the building where, when avoiding the shading effect 
from the parapets, almost none of the area will be available for PV modules. So, A5 will not be 
used for PV generation. Figure 6.32 brings a view of area A5. 
 

 

 
f) Roof Area A6 
 This is another roof area with flat fiber cement tiles, without differences of level with 
the surroundings and with a relatively large area. The parapets and the three in the south part 
of this area can promote shading, where this fraction of A6 must be avoided. The rest of this 
roof area will be used for PV generation, denoted by System 6 (S6). Figure 6.33 brings a view 
of area A6. 
 

 

Figure 6.32 - Telheiras EB1 School - Area A5 (Google Maps, 2023). 

Figure 6.33 - Telheiras EB1 School - Area A6 (Google Maps, 2023). 
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gg) Roof Area A7 
 This area is extremely close to a three, where most of the area will face constant shading 
during the entire year. Although A7 has significant dimensions, this area should be totally 
avoided for PV generation. Figure 6.34 presents a view of this roof area. 
 

 

 
h) Roof Area A8 
 Roof area A8 suffers from the same problem of area A7: proximity with a three (Figure 
6.35). Even though some part of the west region could be used for PV generation, these mod-
ules may also face intense problems with shading in certain months. So, A8 will not be utilized 
for PV generation. 

 

 

Figure 6.34 - Telheiras EB1 School - Area A7 (Google Maps, 2023). 

Figure 6.35 - Telheiras EB1 School - Area A8 (Google Maps, 2023). 
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ii) Roof Area A9 
 This roof area has a considerable slope and no differences of level in the surroundings. 
With significant dimensions, the only possible shading elements are two three located close to 
the south part of this area. A9 should be used for PV generation (denotated by System 9 (S9)), 
just avoiding the extreme south fraction of this roof area. Figure 6.36 brings a view of this area.  
 

 

 
A summary of the areas that will be and will not be used for PV generation is presented 

in Figure 6.37.  
 

 

Figure 6.36 - Telheiras EB1 School - Area A9 (Google Maps, 2023). 

Figure 6.37 - Telheiras EB1 School - Roof Areas Evaluation (Adapted from Google Maps, 2023). 
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PPV Sizing 
 
 The PV sizing will be done individually for each system (S1, S4, S6 and S9). Figures 6.38 
to 6.41 present a view of each designed system, as the results will be presented individually. 
 
a) System S1 (Area A1) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 35 modules. 
- Total installed power: 16.10kWp. 
- Frequency inverter: Sungrow SG-15 15kW (good relation between price and market availa-
bility), with a factor of 1.07 of oversizing. 
- Number of frequency inverters: unique inverter. 
 

 

 
b) System S4 (Area A4) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 20 modules. 

Figure 6.38 - Telheiras EB1 School - S1 - A1 PV Sizing (HelioScope, 2023). 
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-- Total installed power: 9.20kWp. 
- Frequency inverter: Sungrow SG-8KTL-M 8kW (good relation between price and market avail-
ability), with a factor of 1.125 of oversizing. 
- Number of frequency inverters: unique inverter. 
 

 

 
c) System S6 (Area A6) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 11 modules. 
- Total installed power: 5.06kWp. 
- Frequency inverter: Sungrow SG-5KTL-M 5kW (good relation between price and market avail-
ability), with a factor of 1.01 of oversizing. 
- Number of frequency inverters: unique inverter. 
 
d) System S9 (Area A9) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 16 modules. 
- Total installed power: 7.36kWp. 

Figure 6.39 - Telheiras EB1 School - S4 - A4 PV Sizing (HelioScope, 2023). 
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-- Frequency inverter: Sungrow SG-8KTL-M 8kW (good relation between price and market avail-
ability), with a factor of 0.92 of oversizing. 
- Number of frequency inverters: unique inverter. 
 

 

 

 

Figure 6.40 - Telheiras EB1 School - S6 - A6 PV Sizing (HelioScope, 2023). 

Figure 6.41 - Telheiras EB1 School - S9 - A9 PV Sizing (HelioScope, 2023). 
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PPV Simulation 
 

The simulation of these four systems will be done separately, where the results are 
presented in Figures 6.42 to 6.45. 
 

 

 

 

Figure 6.42 - Telheiras EB1 School - S1 - A1 PV Simulation (HelioScope, 2023). 

Figure 6.43 - Telheiras EB1 School - S4 - A4 PV Simulation (HelioScope, 2023). 
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66.3.4 Orlando Ribeiro Library Auditorium 

Situated in a central location in Telheiras, close to Lagar of São Vicente's Farm, the Or-
lando Ribeiro Library is a library from the Municipal Chamber of Lisbon, being a place of cul-
ture, knowledge and leisure for the residents in Telheiras. During conversations with the Lumiar 

Figure 6.44 - Telheiras EB1 School - S6 - A6 PV Simulation (HelioScope, 2023). 

Figure 6.45 - Telheiras EB1 School - S9 - A9 PV Simulation (HelioScope, 2023). 
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Civil Parish, it was established that the only possibility for a PV system in the roof of this build-
ing it was on the part of the auditorium, due to legislative and administrative facts (the other 
parts of the roof are owned and managed by the Lisbon Municipality which will renovate them 
soon). A view of the entrance of this library can be found in Figure 6.46. 
 

 

 
 As presented in Figure 6.47, this roof area has many difficulties regarding PV genera-
tion. First, there is a high building in the western part of the roof, which will promote an extreme 
scenario of shading during the whole year. Also, the central area of this roof is almost com-
pletely filled with outdoor units of heating, colling and air treatment equipment, where there 
is no space for PV modules. In the eastern part (ceramic roof tiles area), a really small area for 
PV modules is presented. Due to all these factors, PV generation in this roof area should be 
avoided, in order to prevent PV systems with really low performance ration. 
 

 

Figure 6.46 - View of the entrance of Orlando Ribeiro Library (2023). 

Figure 6.47 - View of the roof area of the Auditorium of Orlando Ribeiro Library (2023). 
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66.3.5 Lumiar Civil Parish Headquarters 

 Located in a central site of the Lumiar Parish, close to an important institute for gradu-
ation in Lisbon (Superior Institute of Education and Sciences of Lisbon), the Lumiar Civil Parish 
Headquarters is an historic building with various roof areas with different orientations and 
slopes. It is owned by the Lisbon Municipality and managed by the Lumiar Civil Parish. Figure 
6.48 brings a view of this building. 
 

 

 
Roof/Shading Analysis 

 
A similar process that was done for analyzing roof areas of Telheiras EB1 School. Here, 

they will be denoted as A1 to A6, as shown in Figure 6.49. 
 

 

Figure 6.48 - View of the Lumiar Civil Parish Headquarters (2023). 

Figure 6.49 - View of the Lumiar Civil Parish Headquarters - Roof areas (2023). 
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aa) Roof Area A1 
 This roof area has significant dimensions, but an orientation almost directly to the north 
(lower PV energy generation for locations in the south hemisphere). No shading elements are 
presented, where there is also a small fraction of the area with orientation west/east. Since this 
building has a large total roof area and aiming to avoid installing PV modules with north ori-
entation, area A1 will not be used for PV generation. Figure 6.50 brings a view of this roof area. 
 

 

 
b) Roof Area A2 
 With fractions with orientations west and east, this roof area faces a high level of shad-
ing due to a high building located on the other side of the street. So, even though A2 has 
significant dimensions, this roof area should be avoided for PV generation. Figure 6.51 show 
this roof area and the building that cause this shading scenario. 
 

 

Figure 6.50 - Lumiar Civil Parish Headquarters - Area A1 (Google Maps, 2023). 

Figure 6.51 - Lumiar Civil Parish Headquarters - Area A2 (Google Maps, 2023). 
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cc) Roof Area A3 
 This area has significant dimensions with orientations north and south, where almost 
no shading effect is presented - only a three, as high as this roof area, can cause small shading 
in a little fraction of this area. So, roof area A3 will be used for PV generation, especially the 
south-oriented part, denotated by System 3 (S3). Figure 6.52 shows this roof area. 
 

 

 
d) Roof Area A4 
 Even though this roof area is significantly smaller than the others, area A4 has no prob-
lems with shading and a south-oriented fraction. So, roof area A4 will be used for PV genera-
tion, denotated by System 4 (S4). Figure 6.53 brings a view of roof area A4. 
 

 

Figure 6.52 - Lumiar Civil Parish Headquarters - Area A3 (Google Maps, 2023). 

Figure 6.53 - Lumiar Civil Parish Headquarters - Area A4 (Google Maps, 2023). 
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ee) Roof Area A5 and A6 
 Area A5 has significant dimensions and fractions with south and north orientations, but 
the presence of a building close to this area symbolizes a scenario of constant shading effects, 
where installing PV modules in this portion of the roof area will provide a PV system with 
significant low performance ratio. Then, roof area A5 will not be utilized for PV generation.The 
same situation occurs for roof area A6, where PV modules will not be installed. Both roof areas 
also can be seen in Figure 6.54. 
 

 

 
A summary of the areas that will be and will not be used for PV generation is presented 

in Figure 6.55.  
 

 

Figure 6.54 - Lumiar Civil Parish Headquarters - Area A5 and A6 (Google Maps, 2023). 

Figure 6.55 - Lumiar Civil Parish Headquarters - Roof Area Evaluation (Adapted from Google Maps, 2023). 
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PPV Sizing 
 
 The PV sizing will be done individually for each system (S3 and S4). Figures 6.56 and 
6.57 present a view of each designed system, as the results will be presented individually. 
 
a) System S3 (Area A3) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 30 modules. 
- Total installed power: 13.80kWp. 
- Frequency inverter: Sungrow SG-12 12kW (good relation between price and market availa-
bility), with a factor of 1.15 of oversizing. 
- Number of frequency inverters: unique inverter. 
 

 

 
b) System S4 (Area A4) 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 5 modules. 
- Total installed power: 2.30kWp. 

Figure 6.56 - Lumiar Civil Parish Headquarters - S3 - A3 PV Sizing (HelioScope, 2023). 
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-- Frequency inverter: SMA SunnyBoy 2kW (good relation between price and market availabil-
ity), with a factor of 1.15 of oversizing. 
- Number of frequency inverters: unique inverter. 
 
 

 

 
PV Simulation 

 
The simulation of these four systems will be done separately, where the results are 

presented in Figures 6.58 and 6.59. 

 

Figure 6.57 - Lumiar Civil Parish Headquarters - S4 - A4 PV Sizing (HelioScope, 2023). 

Figure 6.58 - Lumiar Civil Parish Headquarters - S3 - A3 PV Simulation (HelioScope, 2023). 
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66.3.6 Alto da Faia Multisport Gym 

 The Alto da Faia Multisport Gym is a public gymnasium for the practice of sports by 
citizens and residents of Telheiras and Lumiar, owned by Lisbon Municipality and managed by 
the Lumiar Civil Parish. With a large roof area with south and north orientation, this building 
should have priority when selecting the areas for installation of PV modules. 
 
Shading analysis 
 One of the biggest advantages of this gymnasium is that there are no shading effects 
- there are no buildings, threes higher than the roof level or other constructive element in the 
surroundings. This, associated with a large roof area, leads to an adequate scenario for PV 
generation. Figure 6.60 brings a view of Alto da Faia Multisport Gym. 
 

   

Figure 6.59 - Lumiar Civil Parish Headquarters - S4 - A4 PV Simulation (HelioScope, 2023). 

Figure 6.60 - View of Alto da Faia Multisport Gym (Google Maps, 2023). 
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PPV Sizing 
 
 In this building, the PV sizing will result in a system of large scale. Since the Telheiras 
REC is still in a pilot project phase, this system might be oversized for the actual scenario of 
the energy entity, but this building should have priority for the PV generation. One possible 
scenario is starting the installation with a smaller PV system, but leaving done an infrastructure 
(cabling, conduits and other components) for future extensions. 
 So, the characteristics and parameters of the sized PV system are presented (Figure 
6.61): 
 
- PV module: Trina Solar TallMax 460Wp Monocrystalline (good relation between efficiency, 
dimensions, solar cell technology and market availability). 
- Number of PV modules: 156 modules. 
- Total installed power: 117.76kWp. 
- Frequency inverter: Sungrow CX50 50kW (good relation between price and market availabil-
ity), with a factor of 1.18 of oversizing. 
- Number of frequency inverters: two inverters (one for the south-oriented area and other for 
the north-oriented area). 
 

 
Figure 6.61 - Alto da Faia Multisport Gym - PV System (HelioScope, 2023). 
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PPV Simulation 
 
The simulation results of this PV system are presented in Figure 6.62. 

 

 

 

6.3.7 PV Simulations - Summary of the Results 

 A summary of all the results obtained through the PV simulation and analysis of these 
six buildings is presented in Figure 6.63. This can be seen as the PV potential of these buildings, 
in order to contribute with REC Telheiras' renewable energy generation.  
 As this community is currently in a pilot project phase and the REC is not licensed yet, 
this total energy generation is too large for this moment of the project. So, after evaluating 
each of those buildings, the choice and definition of the roofs that will receive PV modules first 
needs to follow some criteria, namely: 
 
- Permission from the responsible entities for installing the system: since those buildings are 
owned by the Lisbon Municipality and managed by the Lumiar Civil Parish, that is a local gov-
ernmental organization, priority should be given to those roofs that are first approved to re-
ceive PV modules. Recently, two buildings were approved for the PV installation for the REC: 

Figure 6.62 - Alto da Faia Multisport Gym - PV Simulation (HelioScope, 2023). 
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Lagar of São Vicente's Farm and the Lumiar Civil Parish Headquarters. Therefore, these must 
be the buildings to receive first the PV systems. 
 
-- Adequate conditions for these systems: buildings with adequate roof area for PV installation 
with significant dimensions should be prioritized, where higher energy production will be ex-
pected, as well as an easy installation process. In this context, Alto da Faia Multisport Gym and 
Mira Rio School/Telheiras Church have more favorable conditions to receive systems with 
larger installed capacities. If not all the PV potential is needed in this pilot project, part of the 
roof area can be used, and the infrastructure can be done for future expansions of the systems. 
 
- Location of the buildings: according to the Portuguese law, low-voltage generation sites must 
be in a 2km range from the members of the REC. So, choosing wisely the buildings which will 
receive these PV systems can enhance the covered area for larger member participation. So, 
spatially distributed buildings, such as the Alto da Faia Multisport Gym and Lagar of São Vi-
cente's Farm, should be utilized, since they are not located in the same central part of Telheiras 
and can provide a larger area for new members of the REC. 

 

 
So, due to all these criteria and results, the buildings that should be prioritized are: 

 

Figure 6.63 - REC Telheiras - Summary of PV Simulations (2023). 
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- Lagar of São Vicente's Farm and Lumiar Civil Parish Headquartes (already approved). 
- Alto da Faia Multisport Gym and Mira Rio School/Telheiras Church (location and higher avail-
able roof area). 

66.4 Analysis of the Implementation Process - REC Telheiras 

Although Telheiras neighborhood has a pioneering role in sustainable actions and strong 
community engagement, the process of implementing a REC in this neighborhood faces sev-
eral important barriers and challenges, as the main ones are: 
 
a) Lack of knowledge about RECs by local governmental authorities and citizens 
 Since a formal definition of the concept of a Renewable Energy Community is recent 
and it is not a daily theme of the population and local authorities, many people do not know 
what this energy entity means, its purposes and ways of implementation. The fact that coun-
tries from the south part of Europe, as Portugal, still do not have a large number of operating 
and licensed RECs contributes for that, where the impact of these organizations is not felt by 
the majority of the national population. This also impacts the local governmental authorities, 
where the lack of a considerable number of citizen-led energy actions and energy related or-
ganizations make these entities unfamiliar with the processes necessary for the creation and 
regularization of a REC, which translates into greater difficulties and bureaucracy in the imple-
mentation process. 

Due to this, a well-designed communication plan is crucial for the success of this pro-
cess, providing information and presenting the concept, as well as the associated benefits for 
the community and its members, and also with a specific and well defined approach for local 
authorities and governmental organizations, aiming to facilitate and speed up this implemen-
tation process of a REC. 

In the specific case of REC Telheiras, many meetings between Grupo Telheiras Susten-
tável and the Lumiar Civil Parish, with the presence of experts from the Energy Poverty Advisory 
Hub, Coopérnico and FCT-NOVA, were vital to advance this partnership with this local entity, 
where the concept of a Renewable Energy Community was presented, with associated benefits 
for the community, forms of operation and financial schemes. All this process made the Lumiar 
Civil Parish to become a partner in this implementation process, also willing to be a member 
of the REC in this pilot project. 
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Regarding the residents of Telheiras, different participations in local events and festi-
vals, as well as the distribution of informative material (flyers) regarding this implementation 
process were really important for spreading what a REC is and its benefits, also enhancing the 
number of citizens that desire to be part of this energy organization or even become part of 
the group that is leading its creation. The fact that this action is led by residents of the neigh-
borhood also enhances the acceptance and participation of the locals, where family and friends 
of those who are already engaged in the implementation of the REC end up being influenced 
and motivated to support the creation of this organization, also becoming potential future 
members. 
 
bb) Maintaining engagement and proactivity of the citizens involved in the process of creation 
 The group responsible for the implementation process of a REC in Telheiras - Grupo 
Telheiras Sustentável - started discussing this energy organization in an event in September 
2021. By now (March 2023), the Renewable Energy Community is still not operating and li-
censed - it is a fact that this process does take a long time to start the operation, since many 
important factors, decisions and processes are involved with different players, but, for citizens 
that participate with voluntary work on this process, it can be a demotivating factor. Regarding 
this voluntary work, other important aspects are the lack of time of the participants and other 
priorities, where this affect presence and work inside this working group. 
 The motivation increases after important marks for the development of the REC, but in 
quieter moments and when it is necessary to wait for decisions by local authorities this moti-
vation decreases drastically. This impacts the frequency of participation in internal meetings, 
individual contribution - most often intellectual - to making important decisions, and partici-
pation in events and festivals to enhance the acceptance of the project. 

In the specific case of Telheiras, this barrier is solved by a constant and solid leadership 
figure in the process of creating the community, always seeking to increase and maintain the 
engagement of the REC development team and encouraging participation in meetings and 
events. Also, the sustainable background of the neighborhood helps in this context, where the 
residents have experienced the impact of citizen-led actions in the community and the im-
portance of the resident participation in developing the area. 
 
c) Authorization for the use of roof area of public buildings for PV systems 

Since different public buildings have different management entities, characteristics, 
uses and historical aspects, receiving authorization to use those roof areas was one of the most 
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significant barriers for REC Telheiras. Many meetings and conversations with different local 
authorities were done, with the presentation of the project, the PV potential of the building 
and the associated legislation to operate these systems. This process is bureaucratic and slow, 
since many different persons and entities need to approve the use of a single roof area of PV 
generation for the REC. This slowness combined with the fact that, so far, this process needs 
to be repeated for six different buildings, makes the implementation process of this REC even 
more difficult. Also, as previously mentioned, the local authorities' lack of knowledge about 
RECs makes theses conversations even more difficult. 

In this scenario, the partnership with the Lumiar Civil Parish is crucial, where which 
makes the dialogues with other entities easier and more effective. Also, the participation of the 
experts of EPAH, Coopérnico and FCT-NOVA helps to obtain a positive decision about these 
roof areas, since they can clearly explain the associated benefits and the PV potential of these 
sites. 
 
dd) Slow process of licensing (Direção-Geral de Energia e Geologia) 

As mentioned in previous sections, many Portuguese RECs for a long time to obtain the 
operating license from Direção-Geral de Energia e Geologia, where this process is needed to 
launch the community. As REC Telheiras has not even submitted the candidacy for obtaining 
this document, a long time is expected to obtain the license and properly start the operation 
of this REC, as this can be seen as an important barrier for launching REC Telheiras. 
 
e) Elaborating a financing scheme, especially considering social members  
 Another challenge to Telheiras REC is to develop a financing scheme that fits with the 
organizational structure of the pilot project and consider the social members (energy-poor 
households that cannot invest in the community but will be benefitted by this organization 
becoming active members of it). In this situation, Coopérnico is supporting the development 
of this scheme, where the members will have a proper way of participating in the REC and this 
entity will provide energy poverty reduction specially for the most vulnerable ones. 

6.5 Comparisons with Other RECs - REC Telheiras 

Regarding the classification presented in Section 3.6 of this dissertation, at this moment, 
REC Telheiras can be classified as: 
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-- Location: place-based REC. 
- Purpose: single-purpose REC. 
- Organization: centralized REC.   
- Activity: development of collective energy generation. 
 
Among all the existing RECs shown in Section 3.6, the most similar to REC Telheiras is the 

German Sola-Re. Both RECs grew from citizen-led actions regarding PV energy generation on 
roof areas of public buildings. Also, both of them have important partnerships with local enti-
ties (Lumiar Civil Parish in REC Telheiras, and the City Hall of Recklinghäusen in Sola-Re), where 
these entities also want to become (case of Lumiar Civil Parish) or are members of the REC 
(case of City Hall of Recklinghäusen). 

These similarities with a twelve-year-old REC show that the scheme associated with REC 
Telheiras is operational and feasible, where communications and exchange of knowledge and 
experiences with Sola-Re can be an important factor to speed up the process of implementa-
tion of this energy organization in Telheiras. 
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77 
 

CONCLUSIONS AND FURTHER STEPS 

With this dissertation, is possible to conclude the important role of Renewable Energy 
Communities in reducing energy poverty and enhancing energy citizenship. It is crucial that 
the citizens participate actively in the current energy transition, where they have an important 
contribution to meet the climate goals of the Paris Agreement and complete decarbonization 
by 2050. Other similar citizen-led energy organizations also should be enhanced and promoted 
by local governments and institutions, where their contributions are also important for a fairer 
and more democratic energy transition. 

The leadership of the European Union - especially the northern European countries of 
this block - in RECs is visible, with many existing cases and others in the implementation pro-
cess. Also, European projects play a main role in helping the launch of new and innovative 
cases of RECs in different Member States. North America and Oceania also have some exam-
ples of existing RECs. Still tthese energy entities should reach all the continents in order to 
promote a globally fair energy transition, where all the countries should be able to create citi-
zen-led energy actions. For this, a regulatory framework regarding the development of this 
concept is necessary, where these countries can be inspired by the current scenario of EU and 
adapt their directives and laws to the existing reality. 

The process of implementing a REC needs to be facilitated by the local governments, 
making it easier and faster. Also, barriers associated with a lack of knowledge and acceptance 
of renewable energy systems and/or energy organizations should be diminished by promoting 
programs and events that explain to the citizens and local stakeholders the benefits of these 
topics and the importance of acting in climate change related aspects. 

Specifically in Portugal, it is crucial that the licensing process by Direção-Geral de En-
ergia e Geology becomes faster and easier, as this is one of the most significant barriers for a 
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large enhancement of the number of Portuguese RECs. Also, recently signed national laws 
aiming to turn easier to launch a REC shows the tendency of the government to promote these 
energy entities, as these authorities know the importance of these local actions. 

Telheiras REC should become a model case for other RECs in Lisbon and Portugal since 
it has an advanced situation regarding the development of the project and an existing opera-
tional scheme for the pilot project (RECs as Sola-Re operates in a very similar way than REC 
Telheiras' pilot project). The PV potential of the six selected buildings can, easily, supply the 
pilot project and further extensions of the REC, but suffers from bureaucracy and problems for 
obtaining the authorization to use these roof areas of local public buildings.  

Necessary further steps for REC Telheiras are to advance in the financial scheme and 
submit the candidacy to obtain the operating license as soon as possible. Also, the urgent 
validation and confirmation of the structural scheme for the pilot project is needed, in order to 
put into practice the actions needed to launch it. Exchange of ideas and experiences and a 
partnership with RECs that operate in a similar way is also essential, as Sola-Re, where this 
contact can speed up the launching and enhance the success of the implementation process.
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