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Summary

Reaching a neutral use of energy in the building environment is challenging. That is
because, as the population expands, so does the energy consumption. Considering
that the building environment is accountable for 40 percent of energy consumption
and 36 percent of total CO2 emissions, the building sector has to conform with spe-
cific guidelines and targets, in order to reach neutral energy use. Newly constructed
buildings are already targeting better energy performance. However, more than one
fifth of European building stock has been built before 1945, and together with low
renovation rate in Europe, heritage buildings are struggling to become part of the
new energy reality. In order to complete the energy transition, every sector of build-
ing environment should commit on energy saving and producing interventions. On
one hand, by renovating heritage building stock energy is saved and buildings are
performing better. On the other hand, it is challenging to apply energy production
interventions in such buildings in order to balance the energy demand.

This introduction (Chapter 1) is the reason why, the current research is focusing on
how photovoltaic technology could be applied on heritage buildings, without com-
promising their architectural character. The application guidelines, which are going to
answer the latter question, are going to be tested on a heritage case study in Greece.

As a next step (Chapter 2), the legislative framework for energy transition is going to
be described with the purpose to explore the extension of the guidelines, since they
are covering all sectors of human activity. Additionally, the building stock in Greece
is being presented and how the European legislative framework is applied in this
country’s concept.

Furthermore, in Chapter 3, the meaning of cultural heritage should be clarified and
the legislative framework around protection and restoration should be explored. The
reason behind this literature research is that heritage buildings are very specific cases
with different values, and each case requires a unique approach. Regarding this sub-
ject, a focus will be made on strategic photovoltaic interventions from the Dutch and
Flemish governments.

What is more (Chapter 4), photovoltaic technology is going to researched in depth,
specifically how the photovoltaic cells are producing and how do they produce en-
ergy. Yet, some characteristics for better cell performance are going to be explained,
such as orientation and energy yield.

Chapter 5 is the product of combining the previous Chapters, especially Chapters 2,
3 and 4. This Chapter get more explicit about solar interventions on heritage cases,
such as where is the best place for the application and why. In addition to that, more
criteria for suitable solar application on heritage are going to be researched, such as
color, transparency, size and functionality.

In Chapter 6, several reference heritage cases are going to be studied and the data of
the decision making are going to be gathered. With the latter, and based on literature
research of Chapter 5, these cases are going to be evaluated on the “suitable” solar
application and the varied important values for the decision making on the cases are
going to be compared.

After the literature research on both heritage culture and photovoltaic technology,
and also the applied version of them in reference buildings, a list of design require-
ments has formed. Therefore, the only way to test if these guidelines could be used
for photovoltaic application in a random building, then it could be very valuable to

similar future interventions. Thus, a heritage case building in Greece, specifically in
the city of Florina of north-western Macedonia.

In Chapter 7, the choice of the building is going to be analyzed, since it is a true rep-
resentative of Neoclassic architectural movement in the area and a landmark for the
local community.

Regarding the design process, in the next Chapter (Chapter 8), the photovoltaic ap-
plication is going to be analyzed based on the design requirements of the technology
upon heritage and the specific demands of the building case. Supplementary to de-
sign guidelines, a matrix is formed in order to present all the different options for the
interventions. By the end of the matrix, two energy scenarios are forming in order to
perform the application in situations as close to reality as possible.

Regarding the design, public opinion upon energy interventions is very valuable, and
especially when it comes to solar application on heritage buildings. In Chapter 9, the
acceptance of similar interventions is going to be discussed. In addition, and in order
to have specific overview about public acceptance in the local community of this re-
search case study, a questionnaire is going to be conducted. The results are going to
be presented and the public’s influence is going to be examined.

Ultimately, in Chapter 10, the final design proposal for the case study is going to
be demonstrated and the different applications are going to be analyzed. Finally, an
overview of the design proposal is being inspected, as far as it concerns the building
itself and the urban environment in total.

To sum up (Chapter 11), general conclusions re going to be presented and also the
limitations of the research itself. A few suggestions are additionally to be explored for
investigation of future possibilities on the subject.






1. Introduction







1.1. Argumentation for the choice of studio

The means to energy transition of the building environment are in urgent need for
the sources of energy and the way that we use the energy, generally, to be altered.
Wise choices should be made to all aspects of life to transit smoothly into a new re-
ality that is different from what society already knows.

However, the deadline is coming closer every day and drastic solutions should be
found to enter the dawn of a new era. All cities, especially in Europe, were trying to
decarbonize originally by 2030, and now by 2050 as the achievement of the objective
takes a great level of effort (Energy roadmap 2050, European Commission, 2011). For
this to happen though, all aspects of life should be included and solutions that are
needed for the necessary emissions reduction should be invented.

For the building environment, more specifically, the scenario of high energy efficiency
is the basic commitment e.g. new buildings should fit to regulations of minimum en-
ergy use and old buildings should be restored to meet the same criteria. In addition,
new technologies are being invented almost every day to match the requirements of
the scenario concerning the use of high renewable energy sources that the transition
necessitates. (“Energy roadmap 2050 Energy,” 2012.)

The studio’s choice is to bridge the divide between new technologies as well as mon-
uments. The monuments and especially listed buildings (see Terminology), as expect-
ed, are those that are more difficult to be altered, in order to fit to the energy tran-
sition reality and still be a functional in the building environment (Buyle, 2018). The
technology that is going to be used in energy production is photovoltaic technology
because these modules are more easily adapted to the urban environment instead of
other green energy e.g. wind turbines. In addition, new technological developments
are changing the way that the photovoltaics are known by introducing new proper-
ties to the modules, like thickness, elasticity, transparency and color, that make them
even more adaptable.(Murgul, 2005)

After all, habits have to be changed. The way that people are thinking at this moment
must change in a way which is going to create more opportunities in the future, and
not make them less and less every day. The way that we use the resources, the gifts
of nature and natural laws should be modified, if we want to believe and hope to the
existence of future generations.

1.2. Research Framework

1.2.1. Problem Statement

Reaching neutral use of energy in every aspect of the building environment is a chal-
lenging task. In building environment are accounted 40 percent of power usage and
36 percent of total CO2 emissions (Enerda, 2018). New buildings that have already
been built in the last few years or are intended to be built in the upcoming future,
are planned and designed following the lines of energy saving and circular economy
techniques, as they should by international regulations (“Energy roadmap 2050 En-
ergy,” 2012).

Buildings, however, which have already been in the same place for a hundred years
or more, are less, or not at all, likely to follow the new technological innovations.
More than one fifth of the European buildings have been built before 1945 and the
renovation rate in Europe is only 0.4 to 1.2 percent (Hellenic Statistical Authority,
2017). These buildings are listed monuments and representatives of history and ar-
chitectural color of the city and country. They are designed for a purpose and with a
certain perspective which defines them as witnesses of the past giving the multicul-
tural value to Europe itself .

Depending on history, architecture and importance, not all the listed buildings and
monuments are possible to follow the energy transition. There are laws and regula-
tions that have to be followed in every step from preservation to renovation, and also
the use that is going to be given to it (Murgul, 2005). However, more recent built
cultural heritage and some exceptions from the older ones, as they are going to be
explained later on the reference case studies, can follow innovative steps in order to
be restored in a condition that can be preserved for the future.

This study is going to investigate those buildings’ opportunities that contribute to the
energy transition of the building environment and how history could be preserved,
simultaneously with the natural resources. Since these cases are very particular and
unigue one from the other, each case used different means and methodology in or-
der to achieve the goals without damaging the architectural value. In this research,
photovoltaic technology application is going to be investigated as energy production
technique in different energy scenarios, since it is more flexible to be installed in the
building environment than other energy saving techniques, like wind turbines (Her-
mannsdorfer & Rib, 2005). In addition, recent technological innovations are a great
aid to not altering the image of the building environment and keeping the aesthetic
standards high by adding more properties to the modules in order to adapt better.
Historic buildings can survive if maintained as living spaces and a part of the everyday
life. Energy-efficient retrofitting is helpful for both consumers and for heritage collec-
tions for structural protection as well as for comfort reasons.




1.2.2. Aim of Research

The aims of this research are to explore and evaluate different sources regarding
the thesis object, photovoltaic and heritage. The latter is going to happen through
studying literature and methods of comparative cases of reference buildings that
have previously been attempted. In the next step, a conclusion in guidelines is going
to be useful in future cases. In a particular fresh case study, these guidelines will be
used in order to demonstrate the viability of technigues and methods, and to confirm
that the energy transition has no limitations and compromises. The assessment of
the new design will be decided based on the benefits that the design provides while
reflecting an architectural personality at the construction and the consumers.

1.2.3. Boundary Conditions

The study will concentrate on the following aspects:
e Reference building cases that had photovoltaic technology used upon them.
e The evaluation of the reference case studies will focus on:

o The place where pv technology has been applied.

o The construction in general (walls, windows, roof) but with the aspect of
the place of photovoltaic application.

o0 The materials that have been used or imitated.

o If the architectural character is being compromised with the use of the pho-
tovoltaic technology.

o The visibility of the photovoltaic modules.

e Greece will be the key-country for the photovoltaic concept to be exported.

e The reference building of the final case study will be a neoclassical example of
architecture in Greece. The findings and suggestions will apply to listed buildings
in European nations with architectural character comparable to the tested case
study.

e The design will focus on the places that photovoltaic technology can be applied
(roof, facade and some additional elements).

e Thus, the renovation, that the case study needs, will not be an issue in this re-
search, even though small changes in the interior space are going to occur.

e Anintegrated photovoltaic application is going to be the final product.

e The evaluation of the design will be made by following key points of guideline
which reflects the original architectural character.

1.2.4. Research Questions

Main objective

Integrating photovoltaic technology on a listed building to support the energy
demand while increasing the energy efficiency of it, via literature research of case
studies and application simulation.

Main research guestion

How could photovoltaic technology be applied on heritage buildings, without
compromising their architectural character ?

Sub guestions

Application of photovoltaic technology

e What are the possible and most suited places to integrate photovoltaic technol-
ogy on listed buildings?

e What criteria can be used to evaluate potential photovoltaic applications on her-
itage buildings?

Evaluation of reference cases

e Where is it feasible to install photovoltaic technology onto listed buildings?

e What are the characteristics that the case studies focus more on?

Design

¢ How versatile and adaptable the photovoltaic technology could be when applied
to a heritage building example?

¢ What are the limitations to the photovoltaic design?

e What elements of the design can be combined with the photovoltaic modules in
order to not decrease the original architectural character?

¢ How does the general public perceive the integrated photovoltaic application on
a building with high architectural value?



1.2.5. Relevance

To begin with, this graduation project is a way of closing the energy transition circle
in the building environment. Of course, there are more to explore with the help of
technological means. However, this is a call to all those who are involved in the archi-
tectural field and have the urge to preserve the past for the future.

Achieving the rebirth of listed buildings in ways that are functional again for the build-
ing environment, has a great value to preserving the history and setting an example
to the future generations. These monuments had a specific function and thus that is
how we should encounter them.

As it was mentioned before, the specific study case in this research is just one of the
examples of retrofitting listed buildings, by implementing photovoltaic technology.
Even though the case is stated in a small city in northern Greece, Florina, the case
sets a big example of how we could treat the past. This research sets the guide to
combine new technologies with the ones that are considered “old” and “out-of-fash-
ion”. Buildings with the same architectural style exist in Russia, Germany, Austria and
Switzerland, and even there they were restored properly in a way that they are again
functional and less energy consuming. The energy production was not a character-
istic of the renovation plan and thus it might be necessary in the future in order to
produce as much energy as possible (Birés & Kardamitsé-Adamé, 2004). However,
generally, this research aims to change the way that listed buildings are treated and
can have wider impact on other architectural styles as well.

The buildings should not only use less energy, but to also produce it in every possible
way in order to have a smooth energy transition, as it is stated in the European plan
for 2050 (Energy roadmap 2050, European Commission, 2011) . Energy production
photovoltaic techniques are going to be used because the cells are more flexible
and adjustable in almost every surface and climate situation (Strategic Energy Tech-
nology (SET) Plan ANNEX I: Research and innovation actions Part I-Energy Efficiency
JRC93058 Acknowledgements to Drafters and Contributors, n.d.). Especially when it
comes to listed buildings, the use of them should follow regulations about aesthetics
of the architectural features. Technology aids this task since there are developments
nearly daily in the performance and appearance sectors.

“Adaptation and reuse of vernacu-
lar structures should be carried out
in a manner which will respect the
integrity of the structure, its char-
acter and form while being compat-

ible with acceptable standards of

b

living ’
(ICOMOS, 1999)

Based on the literature studies and data analyses, the following steps will be taken:

e Further data analyses of the old and the modern approach is necessary to make
solid conclusions on which future designs can be based.

e Further literature research of more case studies is important.

e After elaborating on energetic aspects of the retrofitting, the design of the pho-
tovoltaic installations is very important for the aesthetics of the building.

1.2.6. Methodology

Choosing the study case

The building is a 1920s structure and follows the Greek eclectic architectural move-
ment, and especially the neoclassic form. The privately-owned building is a true rep-
resentative of the movement in the area of western Macedonia, in Greece, in the
city of Florina, and it is one of the listed buildings in the area (Greek Governmental
Decree, N.1460/50). More specifically, it is qualified as a work of art and although it is
culturally protected, the country and the local authorities do not have the resources
to restore the building, as it is stated in a testimony by Maria Poritsa (2018). In addi-
tion, after the two World Wars and the Civil one, buildings such as the one in the case
study, even if they belong in the monument list, are not usually owned by the Greek
government, but by civilian families, who most of the time do not the economical
funds to restore them properly (Bamicha.A, 2008).

The native approach is going to be a very important part, since | come from the city
of Florina, and the local people open more easily to a familiar figure. In addition, from
experience, | can understand the importance of the building itself and its vitality to be
preserved. In addition, since this particular movement is represented in Greece but
also in central Europe, the study case is going to be an example that can be replicated
as it is or with small alterations to other similar cases (Birés & Kardamitsé-Adameé,
2004).

Method description

The research is going to be based on literature studies of photovoltaic and heritage
retrofits.

Firstly, technology upon photovoltaics is going to be studied. Different systems are
being researched and new cuttting-edged photovoltaic technology is going to be in-
vestigated. At the same time, a literature study upon listed buildings is going to be
conducted. The meaning of listed buildings and the regulations that preserve them,
are going to be some elements of this investigation.

Secondly, older similar heritage cases are going to be studied in order to set the guide-
lines and the approach of these. The marriage of these two elements, listed buildings
and photovoltaics, is a relatively new approach to complete the energy transition
of the building environment. In addition, the stage of conservation of each heritage
structure is different and depends from country to country. These are based upon
the economical stage and development of the country and the ability to preserve



heritage buildings.

In a further stage, a case study is going to be used as a complementary method of
proof. The case study is going to be developed in two different building program sce-
narios, hotel and cultural use. Weather data from the environment and energy per-
formances of the different building programs are going to be used as source for the
design. The latter is a part of the process, since the building is planned to be reused
in the building environment. Thus, two possible scenarios of building programs are
going to be tested, in order to form the photovoltaic design of the retrofit and to fit
better in the active urban environment. Since there is a lack of governmental funds,
the two scenarios are providing profitable options to investments from possible in-
vestors.

As part of the case study, drawings and maps are going to be used. These have al-
ready been made by the people who built the structure and from those who tried
to estimate the state of dissolution. In addition, old photographic archives and liter-
ature, where the building is being mentioned, are going to be used as resources in
order to magnify the importance of it. Attestation of local people and authorities are
going to help with the investigation of the old use and everyday life in the building
and to judge the compatibility of the photovoltaic technology with the image of the
structure.

Furthermore, personal autopsy is going to assist forming the final drawings of the
structure. Surveying the building is one of the most important steps of the case study
since there are no drawings that correspond perfectly to the existing situation.

The Software, such as Grasshopper and Designbuilder will be used, so as to test the
unigue energy scenarios. The structure is going to be modeled based on the survey-
ing plans and drawings, and the restoration plan is going to be planned according to
autopsy elements, like photographs and measurements. Building or technical data
that cannot be acquired shall be estimated according to standards, testimonies and
comparable projects.

At a first glance on the cases, it is noticeable that the public’s opinion is an important
aspect of the introduction and application of photovoltaic technology into a listed
building. Thus, a questionnaire is going to be conducted and used within the local
community in the city of Florina, in order to testify people reaction to the new addi-
tion in an iconic building. The results are going to show a different perspective of this
particular application and the design is going to be evaluated. Also, research studies
upon the public’s acceptance of photovoltaic on heritage, are going to support the
results.

Last but not least, the overall evaluation, conclusions and recommendations are go-
ing to complete the task of this research.

The final developed method and process (Figure) could be used for similar cases in

Greece or Europe, but especially for further development of the area, since the build-
ing is one of many similar cases that could develop a grid with themselves.
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2. Energy demand in the built environment







2.1. Introduction

Climate change is a reality, not for a small group of people, but as a global phenom-
enon. It threatens with extreme weather conditions, such as heatwaves, hurricanes,
floods and droughts, which become more and more spread and longer in period and
in frequency. All these disasters not only cause economic damage, but also political
instability, mass devastation and loos of lives. The reason behind it, is the human ac-
tivity which enhance the normal global warming and overheats the earth.

By trying to reverse the overheating by 1.5° C and modify human activity in order to
be environmentally friendlier, maybe there would be hope for next generations to
live in a livable planet. Therefore, immediate actions are vital.

More specifically, the used energy is the outcome of a long chain, which starts with
mining fossil fuels, and has many negative stems, such as the overheating of the plan-
et. That is the reason why is so important to modify human activity and consumption.
Improving energy efficiency leads to reducing the energy consumption. In addition to
that, the energy production would enhance the use of alternative energy sources in
order to achieve energy balance.

In this chapter, energy performance and production in the building sector would be
the main subject that will be analyzed, since this sector is responsible for almost 40
percent of energy consumption.

In this chapter, unfortunately, there is a scarcity of sources due to the fact that the
only valid source was the wed site of European Commission. Any other source was
not updated, like many cases found were not updated since 2014, and any other used
research paper was referencing the same source as main one.

2.2. Legislative framework for energy transition

Buildings are responsible for approximately 40 percent of energy consumption and
36 percent of CO2 emissions in the European Union, making them the single larg-
est energy consumer in Europe. In addition, at the present, about 35 percent of the
European Union’s buildings are over 50 years old and almost 75 percent of the total
building stock is energetically inefficient (https://ec.europa.eu).

To boost energy performance of building sector, the European Union has established
a legislative framework that includes the Energy performance of buildings directive
(EPBD) (2010/31/EU) and the Energy Efficiency Directive (2012/27/EU). Together,
based on the European Union plan, the directives promote policies which will help
achieve a highly energy efficient and decarbonized building stock by 2050, will create
a stable environment for investment decisions to be taken, and will enable consum-
ers and businesses to make more informed choices for saving energy and money
(https://ec.europa.eu).

In order to achieve a steady energy transition for everyone, businesses, governments
and civilians, the European Union has set three Energy Targets for 2020, 2030 and
2050.

By the first target at 2020, it is aimed to reduce its greenhouse gas emissions by at
least 20 percent, increase the share of renewable energy to at least 20 percent of
consumption, and achieve energy savings of 20 percent or more. In addition, all Eu-
ropean countries must also achieve a 10 percent share of renewable energy in their
transport sector (https://ec.europa.eu).

By the second target at 2030, since there were slight changes, new aims where
formed. These were a 40 percent cut in greenhouse gas emissions, compared to 1990
levels, an at least a 32 percent share of renewable energy consumption, and an im-
provement in energy efficiency of at least 32.5 percent. In addition, following the 10
percent of electricity interconnection target for 2020, it is aimed to reach 15 percent
by 2030 (https://ec.europa.eu).

Finally, by the third target at 2050, greenhouse gas emissions are intended to be
reduced by 85 — 90 percent, compared to 1990 levels, with the decarbonization of
the energy system in order to be viable in the long run. A system that is encouraged
to be adopted by European countries is the early replacement of the energy infra-
structures, which would be replaced anyway due to their age, with low-carbon alter-
natives, which would cost less by 2020 based on predictions (https://ec.europa.eu).

Additionally, at the Paris Climate Conference (COP21) in 2015, 195 countries adopted
the first-ever universal, legally binding global climate deal. The agreement sets global
actions in order to avoid life threatening conditions internationally due to climate
change by limiting the global warming by 2° C. This action plans would make societies
deal with the impacts of climate change and provide support and economic boost to
developing countries (https://ec.europa.eu).

Moreover, according to the European Union’s framework, it is required that all new
buildings from 2021, but public buildings from 2019, to be nearly zero-energy build-
ings (NZEB). According to Article 2 “nearly zero-energy building” means a building
that has a very high energy performance. The nearly zero or very low amount of en-
ergy required should be covered to a very significant extent from renewable sources,
including sources produced on-site or nearby. However, Greece has not yet defined a
nearly zero-energy buildings (NZEB) in the legislation (https://ec.europa.eu).

There are no specific requirements for the Member States giving them freedom to
define their nearly zero-energy buildings. That is because every country has specif-
ic climate conditions, primary energy factors, ambition levels, calculation method-
ologies and building traditions. In order to standardize this diverse situation in the
building stock, European Union has set a project to achieve this. Project ZEBRA2020
sets a clear methodology for defying a zero-energy building by combining qualitative
and quantitative data of building standards in a specific region. Thus, each country
should select two of the four different radar clusters, which are : 1) net zero-energy
buildings/ Plus-energy buildings, 2) nearly zero-energy buildings (according to nation-
al definitions), 3) buildings with an energy performance better that the national re-
quirements in 2012, and 4) buildings constructed or renovated according to national
minimum requirements in 2012 (https://ec.europa.eu).

The policy measures that have to be implemented in every country’s legislation of
the European Union, are based on the roadmap towards a zero-emission building
stock. These include: 1) the encouragement of automation and control systems in
the buildings, 2) the installment of smart indicators based on the users needs using
new technological systems, 3) the investments on deep renovation in the building
stock for better energy performance, and 4) the elimination of energy poverty from
the households.
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Figure (2) : Residential buildings according to construction rate (European Commis-
sion,2016)

2.2.1. Renovation rate in Europe

The above energy plans aim to achieve the European Union’s targets by boosting
buildings efficiency together with long-term renovation. After an overview of the
entire building stock of the European Union, policies and actions would stimulate
cost-effective deep renovation of buildings, with residential and commercial func-
tion, with the worst energy performance or the most consumption because of public
use. Moreover, smart technologies would act as additional elements to complete the
transition (https://ec.europa.eu).

It is unfortunate that only 0.4- 1.2 percent (depending on the country) of the building
stock is renovated each year. Renovation of existing buildings can therefore lead to
significant energy savings and play a key role in the clean energy transition, as it could
reduce the European Union’s total energy consumption by 5- 6 percent and lower
CO2 emissions by about 5 percent (https://ec.europa.eu).

The strategy of renovation is going to include identification of cost-effective approach-
es relevant to the building type and climatic zone. In addition, an evidence-based
estimation of expecting energy savings is going to be conducted and, also, the wider
benefits are going to be assessed, such as possible investments decisions from indi-
viduals, construction industry and financial institutions (https://ec.europa.eu).

In addition to energy efficiency gains, renovated building stock can also create eco-
nomic, social and environmental benefits for everyone. Moreover, it could contribute
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Private offices, 14.45%
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Figure (3) : Non-residential buildings by faction (European Commission,2016)

to the improved health, comfort and wellbeing of the residents by reducing respira-
tory and other illnesses caused by a poor indoor climate. All in all, homes are made
more affordable and it would help households escape energy poverty (https://ec.eu-
ropa.eu).

2.3. Building Stock in Greece

2.3.1. Building Stock Characteristics

The average age of buildings and the share of new buildings in the total stock rep-
resent good indicators of the average efficiency of the building stock: the higher the
share of recent dwelling, especially built with more efficient standards, the higher the
energy performance of the stock. According to European Union’s data collection, 81
percent of Greece’s building stock was constructed from 1945 until 2000 and the rest
19 percent from 2000 until 2010 (Figure 1). In addition, most of the public buildings
are hotels and restaurants (Figure 2).

As it comes to the energy consumption in the building stock, according to the Europe-
an Union’s monitoring, the energy consumption in residential buildings is lower com-
pared to the European average and in non-residential buildings is higher compared
to the European average (Figures 3&4 ).



120

60

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Energy consumption of residential per m&sup2

© Energy consumption of residential per m&sup2; (normal climate

Figure (3) : Energy consumption in residential buildings (European Commis-
sion,2016)

Moreover, the energy consumption is based upon the thermal quality of the building
envelope. However, since most of Greece’s building stock was constructed before
2000, there are not many new implementations, which are directed from the Europe-
an Union, to optimize the thermal performance, and that is the reason why refurbish-
ment of these existing buildings is important for the quality of thermal envelopes.
Thus, based on the European Union’s monitoring, there were changes between 2008
and 2014 due to the combined effect of new construction and refurbishment of the
existing stock and related national requirements (https://ec.europa.eu).

2.3.2. Current energy policy

Currently, Greece is dependent on the import of electricity which amounts to 65.3%
and is ranked 8th of the 27 European Union countries in relation to its dependency
on energy imports (Azam, Khan, Zafeiriou, & Arabatzis, 2016). Regarding the energy
policy of Greece and following the energy crises of the 1970s, the country has for-
mulated an energy policy based on lignite, which is the usual domestic electricity
resource. Recently, natural gas is also being promoted, which however does not imply
less dependency, but never the less differentiates the energy mix, with an undoubt-
edly cleaner fuel when compared to lignite and coal (Tampakis, Arabatzis, Tsantopou-
los, & Rerras, 2017).

Nevertheless, and particularly at present, at a time of economic and environmental
crisis, Greece should focus on energy savings, renewable energy sources and the ra-
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Figure (4) : Energy consumption in non- residential buildings (European Commission,2016)

tional use of conventional energy resources, since there is a significant and exploit-
able energy potential in renewable energy and can significantly increase their use.
Thus, based on the target of the European Union, household energy saving programs
made an appearance in 2011, which were economic incentives for energy-saving in-
terventions in residential buildings aiming to reduce their energy needs. The eligible
categories of interventions in order to improve their energy efficiency are: 1) the
replacement of windows/doors (frames/glazing) and the fitting of shading systems,
2) insulation of the building envelope including the flat roof/roof and pilotis, and 3)
the upgrading of the heating and hot-water supply systems. In addition, there are
also several other initiatives for the promotion of highly efficient appliances, such as
the change of the air-conditioning for a newer version. Simultaneously, there are also
programs for improving the energy efficiency in public buildings and the awareness
for public and private transport sector (https://ec.europa.eu).

2.3.3. Renewable energy

On the long run the building stock in European Union should be energy neutral,
meaning that all the energy demand is covered by on-site renewable energy genera-
tion. The Renewable Energy Directive (RES Directive) establishes an overall policy for
the production and promotion of energy from renewable sources in the European
Union. Itis required to fulfil at least 20% of its total energy needs with renewables by
2020, by achieving the target through the individual countries.
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Nevertheless, Greece has not set national renewable energy requirements per specif-
ic renewable energy source and it seems that the share of renewable energy gener-
ation compared to total final energy consumption of buildings is very low (Figure 5).
However, the European Commission has set a target for renewable energy generation
that influences Greek legislation. The target of 20.1% of renewable energy sources
share in the gross electricity consumption by 2010 was set by the Directive 2001/77/
EC. A few years later, in the European Directive 28/2009, the target of renewable
energy sources share in the gross electricity consumption was further increased. This
target was extended unliterally by the Greek government to 29 percent of the total
electricity consumption (Mondol & Koumpetsos, 2013). Fortunately, due to an ad-
ditional strong cost decrease of solar PV, since 2005 solar electricity production in
Europe has grown with on average 56% per year (https://ec.europa.eu).

However, even that the renewable energy sources are a treasure for Greece, it is stat-
ed that an anarchic policy and the renewable energy sources installations and licens-
es have no strategic design, are usually of a large size in relatively small insular terri-
tories, and often violate several environmental or cultural constrains in the relevant
legislation. Before 2008, applications and licenses were submitted in Greece without
informing the local communities, which disregarded existing activities, and conse-
guently challenged public opinion and reversed the generally positive public views
for renewable energy sources. These applications presented a low level of maturity
and in several cases involved a violation of environmental constraints, thus causing a
great reaction within the local communities (Tampakis et al., 2017).

At the same time, the investment opportunities in the renewable energy sector
in Greek islands are growing mainly due to available renewable energy resources.

Moreover, socio-economic benefits could accrue by introducing appropriate strate-
gies in relation to optimization of energy mix and supply of electricity to the islands,
especially those with water scarcity. Because of the high renewable energy potential
in the Aegean Sea, the proper introduction and application of innovative technolo-
gies could cover up to the total of the local energy needs, based on several studies
on the implementation of various technologies for buildings in large islands (Mondol
& Koumpetsos, 2013).

Thus, organized interventions have been suggested, that would be rational and based
on municipal guidelines. With this way, local and national economy could be revived.
In addition, it is believed that renewable energy investments are vital for Greece as an
outcome from economic crisis (Azam et al., 2016). An example is the development of
solar plant project HELIOS (http://helioscsp.com) which would attract more foreign
investors which would stimulate economic growth of Greece (Tampakis et al., 2017).



2.3.4. Obstacles in realizing renewable energy

interventions

There are many barriers when it comes to renewable energy interventions in every
human activity, from implementation of programs, to achieving the energy targets.

First of all, the main barriers of renewable energy implementation into the Europe-
an energy associations are the lack of legal framework for independent power pro-
ducers, the complexity in the fuel price risk assessment, the transaction costs, the
restrictions on sitting and construction, the subsidies for competing fuels, the high
initial capital costs, the environmental externalities, the utility interconnection re-
quirements, and the insufficient spatial planning.

In addition, specifically in Greece, the main technological barriers for the renewable
energy sources implementation, are the poor grid infrastructure and the lack of de-
tailed data illustrating the renewable energy potential of each zone of the country.
Additional barriers include lack of clear national strategies evaluating the impacts of
the renewable projects and the lack of financial advantages to support respective
investments.

Furthermore, the main barriers in achieving the energy targets are the misguided
interventions related to spatial planning for renewable energy sources, the lack of
involvement of the local communities and authorities in the spatial planning pro-
cedure, the lack of awareness of citizens on relevant issues, the nonexistent legal
framework relevant to the specifications of the facilities, and finally, the high electri-
cal transmission losses.

As surveys have concluded, the slow pace of renewable in the focal economy is also
due to the identified pre-elections and meta-elections slowdown, bureaucracy, which
includes complicated administrative procedures and conflict interests between dif-
ferent ministry departments, and also, to a misalignment of information technology
infrastructure between local and national level (Manolopoulos, Kitsopoulos, Kaldellis,
& Bitzenis, 2016). Greece, after all, together with Hungary, is the country with the
higher number