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ABSTRACT

The significance of the building sector in terms of energy consumption is well acknowledged.
Scientific studies have shown that the potential of energy savings in the building sector is quite
significant. In this view the knowledge of how the building stock of Cyprus behaves in terms of
energy consumption is quite valuable. This knowledge will assist policy makers to formulate
targeted measures aiming the improvement of energy efficiency and will provide valuable
information for setting current legal standards and benchmarks in the energy performance
certificate, a requirement of the 2002/91/EC Directive. Unfortunately, the existing knowledge on
this subject is quite poor. As a remedy, and in order to improve our knowledge on the subject, a
research project supported by the Research Promotion Foundation under the 2008 call is in
operation since December 2008. This study will present the outline, the goals and the proposed
methodology of the research project “Classification of buildings in Cyprus based on their energy
performance ” and will exhibit the initial findings of the survey questionnaire regarding the energy
behavior and other characteristics of the residential building stock of Cyprus.
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1 INTRODUCTION

Buildings consume about 40% of the final energy in EU and this consumption is responsible
for 30% of carbon dioxide emissions [1]. Specialized studies showed that there is a large potential
for the saving of energy in this sector [2]. Particularly for Cyprus, the fact that until recently there
was no legislative regulation concerning the insulation of buildings, the potential of savings is even
larger [3]. Under the target of the general scope of increasing the safety of energy supply [4], the
reduction of greenhouse gas emissions [5] and the general policy for improving the energy
performance, the European Commission issued the directive 2002/91/EC - energy performance of
buildings [6]. According to this directive, member states are required to specify their national
methodology for the estimation of the energy performance of buildings and to establish the energy
certification of buildings, following the specification of the highest limits of energy consumption
per category of buildings [7]. The above directive was harmonized in the national law system with
the Law N142(1)/2006 and its revision Law N.30(1)/2009. In addition to this directive, Cyprus has
to adopt directive 2006/32/EC [8], which deals with the energy performance at the final use and the
energy producing companies that among others requires member states to establish and achieve a
national indicative target in energy saving.
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The establishment of the highest limits of energy consumption and the specification of energy
classes, for the purpose of applying directive 2002/91/EC, but also the drafting of a national plan for
the achievement of the target set by 2006/32/EC, requires knowledge of the energy behaviour of the
building stock of Cyprus, which however has not been done until now. For this purpose we
proposed, and managed to undertake, a research project under the 2008 call of the Research
Promotion Foundation of Cyprus, which will attempt to cover this deficiency and which deals with
the classification of the existing building stock of Cyprus according to their energy performance and
finally the total mapping of the stock.

The innovation of the project relies on the fact that this is the first time the total footprint of the
energy performance of the building stock of Cyprus is attempted. This footprint will constitute the
base which will support the application of a number of contractual obligations of the Republic of
Cyprus which deal with energy efficiency and the energy performance of buildings. Additionally,
the further processing of the obtained results will lead to the drafting of measures and targeted
actions for the improvement of energy efficiency [9-12] which finally will support the central target
of energy saving and the reduction of greenhouse gas emissions. At the same time it will support the
basic target of independence of the economic development of Cyprus from the non regulated and
unjustified increase of prices of conventional fuels [13]. It is expected that the results of this
research project would create the circumstances and the required basis for the development of a
research core of knowledge in the area for the proper and rational development of the urban
building environment and the establishment of subsidization plans and other actions for the
sustainable design and the energy conservation in buildings.

2 OBJECTIVES

The general objectives of the project are the following:

» The development of cooperation between research centres, government departments, non-profit
organizations and companies in a high level project with the purpose of producing innovative
ideas.

» The rational confrontation of the environmental problems, the promotion of sustainable
development on a national level and the improvement of the quality of life.

» The sustainable management of the building stock and the prevention of environmental
destructions.

In parallel the project aims to contribute to the materialization, the modernization and the
development of environmental policy, particularly concerning the incorporation of environmental
research into the political decisions for the sustainable development of Cyprus focused on the
structure and policies of the EU. The specific targets of the project are focused on:

e The recording and evaluation of the energy performance of the building stock of Cyprus. This
mapping is of particular importance as will be the prerequisite for the specification of the
highest limits for each category of buildings, which is also prerequisite of the directive
2002/91/EC.

e The classification and estimation of the upper and lower limits of energy consumption per
category of buildings based on today’s consumptions, which finally will lead to the specification
of the various classes.

e The formulation of specific proposals for the re-establishment of the limits, particularly of the
two best classes, as well as to the assessment of the optimum time for the materialization of the
application of these limits so as not to simply reflect the present situation but to show the
willingness of the state to improve the level of constructions.

e The collection of data which will be further examined so as to lead to the undertaking of
measures and to the establishment of targeted actions for the improvement of the energy
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performance as well as to the support of decision making in the area of energy policy of Cyprus
with respect to the building construction industry.

e The transfer of knowledge from and to the European and international environment and the
creation of a dataset which will concern the Cypriot reality.

3 EXISTING KNOWLEDGE

Energy conservation is one-way road to Cyprus, which is an island with an isolated energy
system away from interconnected circuits of electrical energy or natural gas and has very limited
energy resources. The import cost of energy for the year 2005 was of the order of 820 million Euro,
representing 16.2% of the cost of all imports in the Republic of Cyprus or 67% of the value of all
exports of goods [17].

The application of the Law mentioned above assumes among other things the specification of
requirements of the minimum energy performance and the issue of an Energy Certificate, which
will include reference values of energy consumption and criteria of comparative evaluation, so as to
allow the consumers to compare and evaluate the energy consumption of their building. These
actions however, assume that a comprehensive recording and evaluation of the building stock of
Cyprus will be done which will give a picture of the particular consumptions for heating, cooling,
lighting, hot water etc.

In addition to the support for the application of the directive, which eventually will lead to the
conservation of energy and the reduction of the carbon dioxide emissions from the activities related
to the use of the buildings, such a recording will help the drafting of particular measures and
targeted actions for the improvement of the energy performance of existing buildings. It will also be
a point of reference and comparison and a supporting tool for the drafting of an integrated energy
policy in the building sector.

4 INNOVATION OF THE PROJECT

The innovation of this research project is the fact that this is the first time such an integrated
recording and evaluation of the energy performance of the building stock of Cyprus is attempted.
This footprint will be the base and will support the application of a series of contractual obligations
of the Republic of Cyprus concerning the energy efficiency and energy performance of buildings.
Additionally, the further analysis of the results obtained will lead to the development of measures
and targeted actions for the improvement of the energy performance [12-14], which finally will
support the achievement of the final target of energy conservation and the reduction of greenhouse
gasses emissions, while at the same time will support the basic requirement of independence of the
economic development of Cyprus from the non-controlled and irrational increase of imported
conventional fuels [15].

Finally, it is expected that the results of this research will create the prerequisites and basis for the
development of a critical research and educational core of knowledge in the area of development
and design, energy policy and the drafting of subsidization schemes and other targeted actions for
the energy conservation in buildings. It is also expected that the integrated recording of the energy
performance of the building stock of Cyprus will be the reference point for comparison and a
supporting tool for the drafting of an integrated energy policy in the buildings area.

5 METHODOLOGY

Under this research project the elaboration of the database of the Cyprus building stock will
be carried out on the basis of Statistics of Constructions and Housing [9, 18], so as to classify the
buildings according to the climatological zone, type, age and size of each housing unit. This will
determine the building statistical weighted sample on which the research will be undertaken. The
selection of the data will be carried out, based on questionnaires and in situ measurements in
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selected cases so as to find the actual consumption per category. The processing of the data that will
be collected from above will lead to the creation of clusters and will support the calculation of the
upper and lower limits of energy consumption per category, based on today’s consumption. Finally,
we will conclude on the number of classes and their upper and lower limits of energy performance
which will be the basic characteristic of the Energy Certificate. Having the map of the Cypriot
building stock, based on the energy performance, and taking into consideration the historical
development of the behaviour of the buildings [3] and the improvement of the insulating materials
and solutions [11, 16], will lead to the suggestion for the readjustment of the values that will be
obtained, particularly for the two best classes, so as not only to reflect the today’s reality, but also to
show the intend of the state to improve the level of the construction industry. More analytically, the
following methodology will be followed:

e Elaboration on the database of the building energy stock, based on the Statistics of Construction
and Housing of 2004, so as to classify them according to their contribution.

Concerning the research into the energy behaviour, and provided that we have a building
stock of about 242.000 houses [9], this research will be based on a sample of about 500 houses for
which the necessary collection of data will be required. The research will be based on the most
current data of the Statistical Service.

e Collection of data and conducting of measurements for the energy performance of buildings,
based on the statistical weighted sample, so as to take the real energy consumption per category.
The collection of data will be done with the method of the formulated questionnaire which
will be filled by trained groups of researchers. In parallel, selective particular measurements will be
carried out in a specific sample of buildings, which are used as houses, concerning the basic
characteristics of their energy behaviour, that cannot be easily extracted from the data in the
questionnaire, e.g. heat transfer coefficient of the building envelope with thermo-camera, degree of
efficiency of the central heating boiler with a gas analyzer, conditions of thermal comfort, etc.
These results will validate the data in the questionnaires and will give valuable information for the
quality of the indoor environment in the houses.

e Creation of clusters, so as to analyze the upper and lower limits of the energy consumption per
category based on today’s consumption.

The results of the questionnaires, after statistical elaboration for their validation and
normalization will constitute the base for the development of clusters of buildings, based on their
energy characteristics, so as to be able to determine the magnitude of the consumption of energy for
each representative group of buildings, based on the rules of statistics and the use of appropriate
tools.

e Determination of the limits, based on the readjustment of the values that will be collected,
particularly for the two best cases A and B so as the limits should not only reflect the current
reality, but also to show the willingness of the political leadership for the improvement of the
level of the constructions.

The limits that will be determined from the previous work package, and based on the
willingness to improve the quality of constructions, will be readjusted so as to push the new
constructions towards better energy performance in relation to the today’s data. In addition, the new
limits will reflect the possibility of improvement of the behaviour of existing buildings, so — with
proper interventions — to be able in a reasonable cost to be substantially improved, approaching the
two best categories for the newly built buildings.



5.1 Progress of the project’s work up until June 2009

The first step was a selection of possible characteristics of the Cyprus Building Stock
(dwellings) that might have influence on the building’s energy behavior. The parameters chosen
were the climatological zone (4 zones based on a previous study performed by the Energy Service
of MCIT), Type of building (Single house, Dublex house, Apartment, Mixed Use, Row of houses),
age (buildings built prior 1960, buildings built between 1961 and 1990, and buildings built after
1990), Size of dwelling (less than 3 rooms, room number between 3 and 6, more than 6 rooms).

Since, the major assessment of the building stock energy behavior will be performed through
the analysis of the results of structured questionnaire; a statistical weighted sample should be
selected. In order to avoid bias the characteristics of the sample, according to the four
abovementioned parameters should be close to the building stock population. By utilizing the latest
available statistical data [9, 18] the building stock (dwelling population) the following results were
reached.

Table 1 Dwelling population behavior with regards to the climatological zone

Zone Zone 1 Zone 2 Zone 3 Zone 4
(Coastal area) (Low Land area) | (semi Mountainous | (Mountainous area)
area)
Percentage 54% 27% 16% 3%

Table 2 Dwelling population behavior with regards to the type of building

Type of Single house | Dublex house Apartment Mixed Use | Row of houses
Building
Percentage 44% 17% 21% 8% 10%

Table 3 Dwelling population behavior with regards to the building’s age

Age of buildings built prior Buildings built between buildings built after
Building 1960 1961 and 1990 1990
Percentage 14% 61% 25%

Table 4 Dwelling population behavior with regards to the building’s age

Size of less than 3 rooms room number between 3 more than 6 rooms
Building and 6
Percentage 12% 68% 20%

The next step was the collection of data with the questionnaire circulation which will be filled
by a group of researchers on site visits. It was decided that a sample size of 500 dwellings was
sufficient in order to come up with robust conclusions. The most significant items of the
aforementioned questionnaire are those concerning energy consumption. In order to reach to
“universal conclusions” the sample should have the same characteristics with the population. But
since it is impossible to control all of the chosen parameters, some statistical adjustments will be
performed in the step of the data analysis. Up to date a significant number of questionnaires were
filled and the sample of dwellings which in situ measurements will take place in order to gain more
insights and as a quality assurance scheme for the quality of the results given by the questionnaires
was selected. These initial findings of the survey questionnaire regarding the energy behavior and
other characteristics of the residential building stock of Cyprus will be presented at the conference.




6 CONCLUSION

The added value of the project is expected to have a multiple benefit, both concerning the
strategic development of the energy sector and the social and financial level. The specification of
the energy classes of the building stock of Cyprus will help for the correct implementation of the
directive 2002/91/EC, particularly to the issue of Energy Performance Certificate of buildings. The
project gives an important opportunity to the partners who are directly involved, to specify the
energy classes of buildings through a detailed and scientifically documented research work. This
fact is expected to improve drastically the buildings construction section as through the results it
will be revealed which are the best design and building techniques and the selection of proper
insulating materials which will be applied in the future. Additionally, concerning energy economy
the added value of the project is very important as it will reveal the optimum techniques for the
rational design of buildings and it is expected to lead to substantial benefit concerning energy
conservation particularly at the macro-economic level.

Additionally through the project, an integrated bibliographical reference will be created, which
will concern Cyprus and the energy performance of the building stock. This fact is expected to play
an important role in the introduction of Cyprus in the European bibliography for the energy
performance of buildings and research centres in Europe and abroad could consider Cyprus in
future research projects and case studies.

Finally, the results of this project and their dissemination will help to improve substantially the
technological development of Cyprus as through this project it is expected that a comprehensive
dataset will be created which can be used in the future by researchers in the area of urban design.
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