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ABSTRACT

In this Thesis Project, the creation of a Low Energy building was examined in order to
investigate how complex was to select the suitable parameters and systems of the
dwelling, aiming to achieve the lowest possible energy consumption in one year period.
All the technologies implemented into the system intended to be as energy efficient and
profitable as possible. Another objective of this study was also to present the potential
of the system to produce a part of the consumed energy, through renewable energy
sources, approaching by this way also the standards of a Zero Energy Building. Firstly,
the floor plan of the 150 m2 detached house, was drawn in the designing program
AutoCAD. In continuation, this 2D floor plan was imported into the simulation program
as well as all the initial input data so as for the Base model of the building to be created
For the analysis of the building, the Simulation Program IDA ICE 4.7 was used.
Gradually, alternations and adjustments were made into the Base model. Different
models were created planning to analyze their results and conclude to the proper
solution. All the simulations run for one year time period in order to present the total
energy usage, system’s losses and demands in each case. In addition, as for the current
study the location of the construction was Athens, all building’s characteristics were
chosen to comply with the Greek Regulation for Low Energy Buildings. Finally,
through the procedure followed after having accomplished a series of simulations, the
final annually energy demands managed to be within the required limits.

Keywords: buildings, simulations, U-value, total energy use, heating demands,
cooling demands, LEB’s, occupants.

NOMENCLATURE
All the symbols and abreviations that were used in this study are presented here.
Latin
Symbol
U-Value
T
COP
EER

Description
Value of Thermal
Trasmittance
Temperature
Coefficient of
Performance
Energy Efficiency
Ratio

Abbreviations and Acronyms
Letters
HVAC
LEB
LEDs
PV
ZEB
2D
3D

Unit
W/m2 K

°C or K
-BTU W-1 h-1

Description
Heating, Ventilation & Air conditioning
Low Energy Building
Light Emitting Diodes
Photovoltaics
Zero Energy Building
Two Dimensional
Three Dimensional
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1 INTRODUCTION
In this chapter, an introduction to the thesis is given, after which, the aim and approach
of the thesis are described.
1.1.Background
This master thesis is written at the «Department of
Building, Energy and
Environmental Engineering» at University of Gävle. It is stated that the energy
consumption in buildings and the activities taking place in them account a percentage
of 40% of total energy use and about of 36 % of total CO2 emissions on a European
level and especially Greek households have the highest energy consumption in Europe
(Asimakopoulos et al. 2011). Ongoing researches, aim to reduce the energy needs in
both the existing and new buildings and consequently, the total energy demands at a
national level. Recent technologies and skills allow a continually improving design of
new buildings that can keep the additional energy requirements to the minimum level
(Abel & Elmroth, 2007). More specifically, in order for the problem to be addressed,
European regulations and directives, which concern the energy upgrading of existing
and new buildings, have been applied. Hence, a significant reduction in total energy
consumption and CO2 emissions can be achieved. Precisely, Greece follows the Greek
Regulation for the Energy Performance of buildings ”ΚΕNΑΚ”.(Goudeli, 2013).
Today, it is observed more than ever, the phenomenon of homeowners who tend to have
their houses “green”, a term related to a non-hazardous construction, which respects the
environment and the energy sources. The reasons why the owners follow a more
environmentally friendly way may differ to be strictly environmental or financial. In
any case, this need has promoted a more detailed designing and engineering in
buildings, in order for the energy to be conserved. New constructive methods,
technologies, materials, simulation and optimization programs have made it possible for
the Low Energy Buildings to be a reality. However, a big concern of all the owners
remains the initial cost of each construction and the possibility of depreciation through
the years.

1.2.Literature review
Search methods-tools used in order to find peer-reviewed articles for the current study:
➢ Online Library of University of Gävle
➢ Google scholar
Key words used: low energy buildings, buildings in Greece, KENAK.
Prior studies have identified the importance of the existence of Low Energy buildings at
a global level as well as in the Greek reality. For the construction of a building a robust
masonry has a major role, especially in a Country such as Greece, where earthquakes
are a current phenomenon and can cause significant damages (Bourlotos et al. 2012).
Therefore, as in the current study the constructional characteristics of residential
buildings demand a thorough selection (Papamanolis, 2004). In a more recent study
Papamanolis (2014) also, examined the importance of solar energy application in Greek
buildings which present a great advantage of exploiting the heat gains from the sun. As
concerning the heating demands which are very high in Greece, additional findings by
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Asimakopoulos et al. showed that within the next 30 years the total heating demands in
Greece will be reduced (2011). Another research, compared the Greek residential
buildings with those of Netherlands, indicated that both countries presented low
political and social acceptance of new more efficient technologies ( Spyridaki, 2015). In
continuation to these findings, another study showed the first indications of the effect of
the new legislation concerning the energy performance of building on renewable
applications in Greece. Therefore, the statistics from this paper indicated that the efforts
of implementing those systems coincided with the deep economic recession that also
influenced the construction field (Papamanolis, 2015). The applications of the new
Greek regulation “KENAK”, concerning all the new construction as well as the most
important parameters that should be followed have been presented by Goudeli (2013).In
addition, the measures that could upgrade the energy performance of a building in
Greece, in order to save energy were examined by Koinakis(2008). The same measures
were found in other studies as well (Tsikra, 2017). Buildings in Greece have also great
opportunity to reach zero-energy and easily generate more energy than they consume
(Ascione et al. 2017).
1.3.Aims
The study in this Thesis has been conducted within Energy Systems Master Programme.
The overall aim of this project is to analyze, how a Low Energy Building can be
constructed through the help of the simulation Program IDA ICE 4.7, with the proper
choice of materials and systems in order to achieve a low energy usage within a year, in
terms of cost. Furthermore, another objective of this study is to show how the dwelling
can produce at least as much energy as it uses during this one year period, in order for
the consumption and the production to be equal so as to ameliorate the construction of
the Low Energy Building to a Zero Energy Building (ZEB). For this improvement, the
simulation program offers the possibility to implement a majority of different plants
into the system, such as photovoltaics, wind turbines etc. However, because of trying to
keep the costs of the building and the time of the analysis in a logical limit, they have
not been input all the systems that could equilibrate the used energy with the producedone, therefore a theoretical approach of how the Building could be close to a ZEB has
been done.

1.4.Approach
The study was based on a 2D floor plan, of a 150m2 detached house. The floor plan was
then imported into the simulation program. A research on all the materials and systems,
which were implemented into the building was made in order to be in accordance with
the Greek Regulation. A series of several changes and simulations into the Base Model
intended to improve the energy efficiency of the dwelling.

2

2 THEORY
In this part of the Thesis Project, the theories presented above, intend to analyze the
most important definitions that will follow in the next parts and will give a clearer
image of the current case study.
2.1 Buildings & Energy
The term of Building is totally connected to the term of Energy. This is justified if
someone considers that a Building has to use any form of energy, in order to cover the
needs of its occupants (such as the need for heating and cooling, or the need of hot
water etc.).
2.1.1 Building as a system
Building as a system, consists of materials, components and systems that interact with
physical phenomena, in order to provide to the occupants an expected indoor climate.
2.1.2 The first passive house
In 1980’s in Sweden and Denmark, the Low Energy Building was already a legally
required energy standard. Different types of technologies for increasing the energy
efficiency of buildings through ongoing studies were developed. However, in the 1900’s
the first passive house was built in Darmstadt, Germany (Feist, 1988). This world’s 1st
passive house appeared a drastically reduced need for space heating. That concept has
grown since then and today there are more than 40 000 passive houses in the world
(iPHA). A passive house has a highly insulated building envelope and transfers heat
between outlet and inlet air in a heat exchanger.
2.1.3 LEB’s & ZEB’s
A low energy building-LEB is a house that intends to use less energy, from its design,
technologies and building products, from any source, than a conventional house. In
practice low-energy buildings, implement techniques and components in order to reduce
their energy expenditures. In low-energy buildings, the heat gains from lighting,
equipment, dwellers and the incoming solar radiation are to a large extent used to
achieve a good indoor climate. This is possible through the combination of a highly
insulating building envelope and a heat exchanger that heats the supply air with the
exhaust air. Space heating is thus for large parts of the year unnecessary and the heat
consumption is drastically reduced compared to conventional buildings (WIKIPEDIA).
A zero energy building-ZEB, also known as a zero net energy (ZNE) building, or net
zero building, is a building with zero net energy consumption, meaning that the building
will be able to produce renewable energy to meet its own annual energy consumption
(Torcellini et al. 2006). This kind of buildings let less amounts of greenhouse gas to the
atmosphere than the traditional ones.
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2.1.4 Performance requirements
The design and construction of a building it is a complicated process, which has to be in
accordance with the needs of the occupants. Except owners’ demands, the performance
requirements of a building are divided in the above three types:
•
•
•

Legal requirements, that are primarily concerned with safety and health. They
normally stipulate basic limits that must not be exceeded.
Usage requirements, are directly concerned with the use of the building and
must be followed so that the construction will fulfill its purpose.
Building requirements, which ensure the quality of the building itself
(Abel&Elmroth, 2007).

More detailed, hereby there are presented a few examples of usage and building
requirements:
USAGE REQUIREMENTS
BUILDING REQUIREMENTS
Number of rooms
Aesthetic solutions
Areas of rooms
Efficient use of space and numerical
values for determining fulfillment
Types of rooms
Efficient use of the building
Communication routes
Efficient use of the rooms
Admission of daylight
Good space coordination
Thermal climate
Quality, durability and maintenance
friendliness according to the client’s
criteria
Air quality
General applicability and flexibility and
criteria for these
Lighting Quality
Energy efficiency and criteria for
efficiency
Acoustics
Moisture prevention
Air cleanliness
Ecological solutions and recycling
Draughts
Technically and economically optimal
solutions, and criteria for optimization
Noise
Minimized life cycle costs with criteria
for assessment
Electrical fields
Operational reliability
Dazzle/glare
Figure 2-1. Examples of performance requirements (Abel & Elmroth, 2007).
2.1.5 The energy balance of a building
The energy balance of a building is related to the required indoor climate in the rooms
of a building and it is affected by the following parameters:
•
•
•
•

The initial structure and design of the building.
All the activities taking place into the building.
The outdoor climate conditions.
The technical systems that are implemented in order to provide the required
indoor climate (such as Heating, Ventilation and Air Condition systems etc.)
(Karimipanah, 2017).
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Consequently, the elements and processes interact to the thermodynamic interplay and
create the resulting indoor environment. Building’s heating and cooling, are not only
influenced by the active space heating/cooling system, but also from all the internal and
external processes, when it is demanded so as to achieve an energy balance.
2.2 Building’s Envelope
A building envelope consists of those parts of the building that protect the occupants
from the outdoor environment.Therefore, external walls, windows, doors, and roof are
all the parts of the building envelope. Floors that are against the ground and also form a
barrier against the outdoor air and other building elements adjacent to unheated spaces
are also included. The overall quality of the building envelope unduly affects its losses.
Hence, a thorough design and construction, with a well-insulated dwelling envelope,
requires little heating energy to ensure thermal comfort for the occupants.In order to
reach high energy standards and decrease the heat losses, low U-values of building’s
envelope are necessary. This could be achieved by adding thickness to the envelope.
Especially, this means it is needed to overcome the thicknesses of materials, used in
conventional constructions, so that for the building to be considered a LEB.
2.3 Thermal comfort
A relationship between perceptions and climate factors was established by Fanger in
the 1960s. Fanger studied the perception of a large number of people through laboratory
experiments.Thοse experiments, contain factors, such as air temperature, radiation
temperatures, air movements and humidity as well as metabolic rates, types of clothing
and temperatures of clothing.In addition to this, Fanger developed the PMV index, the
predicted mean vote, and PPD index, the predicted percentage dissatisfied (PPD) as
measures of how large groups of people will perceive thermal comfort. Several different
factors affect the human body. Therefore, psychological, physiological, behavioral, and
physical environmental factors together determine how the dweller perceives the indoor
climate. An occupant can be affected by the amount of light, the acoustics of the
building, the location and even with the aesthetics of the house. In along with these, the
time of the day affects the human body and the outdoor climate in a daily temperature
variation (Abel & Elmroth, 2007).
According to ISO7730, there are different categories for discomfort, which are divided
into the vertical air temperature, the difference between air temperature at ankle and
neck level, the asymmetric radiant field, the local convective cooling, or the contact
with a hot or cold floor, which are essential to providing acceptable thermal comfort.
All of these influence our perception of thermal comfort and therefore must be limited
in certain values. Thermal discomfort caused by radiant asymmetry means that different
surfaces in a room will cause greatest sense of discomfort (e.g. warm ceiling and cold
walls). This will be reduced in low-energy buildings since, for example, the windows
have warmer surface temperatures than those of a conventional building. In addition, the
definition of the operative temperature combines both air and mean radiant temperature
in the room, in order to better describe the indoor temperature. Finally, perception of
control is totally connected to occupant’s need of comfort, who can act and react into
the system by turning on the heater, or by opening a window(for more information
regarding this standard, please see Appendix B).
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2.4 Greek Regulation
Greece, as a member of the European Union harmonizing with the efforts made at a
Pan-European level, with the European Directive on the Energy Efficiency of Buildings
(EPBD recast 31/2010). All new and radically renovated buildings are required to
produce an energy efficiency study. All the new constructions must comply with the
regulatory arrangements in accordance with the Energy Performance of Building
Regulation “KENAK” (For more specific information regarding “KENAK”, please see
Appendix A).
2.5 Simulation as a tool
As a definition Simulation is the imitative representation of a process of one system.
Simulation software is based on the process of modeling a real phenomenon with the
help of mathematical formulas.It is actually, a program that gives the opportunity to the
user to observe the procedure of an operation through simulation, without actually to
performing that operation in reality (WIKIPEDIA).
2.5.1 Building Thermal Simulation Program
As buildings consume a significant percentage of the total energy consumption
worldwide and much of this energy is consumed maintaining the thermal conditions
inside the building and lighting, Building Thermal Simulation programs have been
created. These programs, are computer models of the energy processes within the
building that are intended to provide a thermal comfort to the occupants of the building.
Such programs allow proceeding in various alternations and options, compare each
model create and conclude to the solution demanded. Building Thermal Simulation
programs also minimize the costs of experimentations, redundant time consumption and
future modification expenses. For the current study, the simulation program that has
been used is IDA ICE 4.7.
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3 METHOD
3.1 Study Object
In this study strategies on how to increase the energy efficiency of a LEB were
presented. Building’s energy simulations were conducted with the help of the
Simulation Program IDA Indoor Climate and Energy (ICE) 4.7. This program offers the
possibility to create a 3D model of a building and divide it into different thermodynamic
zones (each zone consisted of a different room). These zones could be controlled and
adjusted. Input data were all the information concerning dwelling’s construction (such
as building’s climate, orientation, location, dimensions etc.), which played a significant
role in the current study and affected the final results. Alternations and extensions of the
Input data were made in each simulation, in order to conclude to the proper solution.
The program also allowed for the simulation to run for a specified period of year, which
was also defined by the user.
3.2 Procedure
The procedure used in the current study through the simulation program is here
presented more detailed following a logical sequence:
Firstly, the floor plan of a 150 m2 detached house was drawn into the 2-Dimensional
Design program, AutoCAD 2015. This 10-room drawing was then imported into the
simulation program IDA ICE 4.7. Based on house’s floor plan, a 3-Dimensional model
it was created and divided into different zones (each room consisted of a different zone).
In addition, the roof of the building was also drawn into the program. The majority of
the input data for the current dwelling, have been chosen in order to comply with the
Greek regulations and statutory provisions connected to the construction of a LEB (such
as U-values, indoor temperature and etc.). Some others have been selected by choice as
the user was not obligated to meet law’s restrictions (such as the option to pick
building’s location). After having imported all those parameters, in continuation of the
drawing windows and doors were implemented in the construction following the floor
plan.
More specifically, all the initial input data used for the accomplishment of the Base
Model of this 150 m2 detached house, were mostly presented in figures taken when
were imported into the program:

Figure 3-1.Building’s Location.
According to “KENAK”, Athens belongs to the climatic zone “B”(Appendix A).
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Figure 3-2. Building’s floor plan & Orientation (North to South).
Regarding the openings appeared in the floor plan in Figure 3-2. the blue ones
presented the windows while the yellow ones presented the openings-doors.

Figure 3-3. Building’s Dimensions, 150 m2 in floor area and 3.2 m in height.

Figure3-4. Roof Dimensions.
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Figure 3-5. All the Thermal Bridges were set into “Good” mode.

Figure 3-6. System’s infiltration.

Figure 3-7. Pressure Coefficients, Autofill with “Semi-exposed”.

Figure 3-8. Αir Handling Unit, it was selected the “Standard air handling unit”.

Figure 3-9. Building’s Ventilation system.
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For Building’s Ventilation, was picked Return air only 0,35 l/s,m2, according to
Ashrae’s Standards (please see Appendix B).

Figure 3-10. Indoor Temperature.
The Indoor temperature was adjusted according to Greek standards between 22-25 oC
(Appendix A).

Figure 3-11. Lights imported into the building.
All room should have 33 Watt together with a schedule for lighting. This total of Watts
emerged by using 2-3 Watt per room (as LED type lights were used for the current
construction). For the rooms which were smaller (e.g. the small bathroom), or the
lighting did not play an important role (such as the garage, which was an area that did
not require special lighting and especially for many hours within a day), 2 Watt were
preferred and for bigger rooms (e.g. the family room) where more lighting is demanded,
3Watt of LED type lights were used.

Figure 3-12. Occupants into the building.

The building has 4 Occupants: 1 in kitchen, family room, hall and main bedroom with a
schedule.
Radiator: District heating use of 10000 W max in each room was used, except in garage
which should not have anything. As this setting works as a limiter, which means we
give the software to potentially use 10000W maximum to reach the desired indoor
temperature that has been set. The reason why the limit was that high, was that if it had
been set to lower than this it might block the software from reaching the correct
temperature interval.
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Warm water consumption: 20 kWh/m2 floor area and year(Appendix A).

Figure 3-13. Glazing type.
Windows in the base model were 2-pane glazing clear with U-value of 2.9 W/m2 K.

Figure 3-14. Heat pump’s COP & EER.
For the Heat pump, COP and EER were selected in orer to be in accordance with the
efficiences of the heat pumps existed in the Greek market(a technical brochure
regarding heat pumps’ efficiencies can be found in Appendix C).
For the Masonry, all the materials and thicknesses were picked in order to comply with
the Greek Regulation KENAK. More specifically, the U-values had to be within the
limits that the regulation defines. For the current study, the above constructive options
already existed in the program as a default. Therefore, in every option, the final Uvalues and thicknesses, were checked and adjusted if it was deemed necessary, so as the
construction to be feasible in Greece (please see Appendix A).

External walls: 0.05m Render + 0.085m Extruded polystyrene + 0.12 m brick
Internal walls: 0.085m Extruded polystyrene + 0.12 m brick+ 0.05m Render
Internal Floor: 0.013m Render + 0.16 m Light insulation + Concrete 0.25m
External Floor: 0.013m Render + 0.16 m Light insulation + Concrete 0.25m
Roof: 0.365m Light Insulation + 0.022 m wood+ 0.013 m gypsum
Finally, IDA ICE offers the freedom to the user to select a specific time period for the
simulation to run. Hence, heating demands, energy losses and total energy usage of the
whole house, were calculated running the program for a whole year. This one year time
period was chosen for two considerable reasons. Firstly, because the majority of the
values presented in this study, was accounted per year and secondly because it was the
most accurate option as the study follows the current regulation, costs, material used
and values. There is always the possibility of an upward or a downfall in the prices (of
materials, plants, systems etc.) or an alternation in the regulations in the future.
Moreover, choosing a short time period increased the seasonableness and the accuracy
of the study.
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Those were all the parameters which were imported into the program for the Base
model. As an extension to this model, several changes and alternations were gradually
made into the system and are summarized in the above 4 simulations:
1st-> 2nd Simulation:
• Changing the windows, from “2-pane glazing” to “3-pane glazing”.
• Implementing windows shading.
• Set the thermal bridges from “good” mode to “none”.
Regarding the shading of the windows, controlled external moving shading was
implemented, because it allows sunlight to be exploited according to the season and the
needs of building’s users. Especially, the shading of the openings with western, eastern
and southern orientation was preferable to be moveable, so that in winter was allowed to
illuminate the area and in the summer ensured its complete protection from overheating.
2nd->3rd Simulation:
• Importing photovoltaics into the construction (for further information regarding
the specific characteristics of these systems, please see Appendix C).
The selection of implementing such a plant for the current construction has mainly been
done due to buildings’ location. Greece as a country can profit from the sun through all
the year period, even in the winter, when the sunlight is quite strong. In addition, the
suitable sizing and orientation of the photovoltaics, are essential so that the system to
gain the needed amounts of sun for the building (Zogou & Stapountzis, 2011).
3rd->4rth Simulation:
• Changing the orientation of the building from N-S to S-N, in order to see with
which orientation the system profits.
This change was done due to the fact that the southern orientation of the openings, is the
most energy-efficient because the incident solar radiation is almost threefold in
comparison to the incident in the east or west orientation for the winter. During the
summer period, the solar radiation is almost halved for the southernly oriented surface
relative to the east or west. In addition, the south-oriented vertical surfaces accept the
sunlight all day long with small angles of incidence while in the summer they receive
the radiation for a few hours and with big angles of incidence. In winter, eastern or
western orientations take light a few hours in the morning or in the afternoon,
respectively, when the sun's rays are diminished due to their long path through the
atmosphere, while the summer takes more hours of radiation, as the sun recedes
Northeast and northwest (Mazria, 1979).
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3.3 Possible problems of the applied method
The simulation tool IDA ICE 4.7. offers a wide range of characteristics that can be used
for the study of thermal comfort as well as the freedom to the user to adjust them by
his/her own needs for the final construction. One possible problem is the time wasted
for the simulation to run. Therefore, how much time will be consumed for the
accomplishment of the simulation is absolutely connected to the time period that has
been chosen and all the implemented systems for the building. In this study, in order to
eliminate simulation’s time, for both windows and doors, it was selected the option
“always closed”. The impact of this moderation into the system was infinitely small, as
it can be considered that windows and especially doors are open only for a few minutes
within a day.
Another think that must be considered is how the alternations interacted into the system
and influenced the results from each simulation. The results emerged after the
simulations, gave a clear image of how positive or negative were those alternations.
Specifically, from the first simulation to the second, one of the changes seemed to cause
a huge and unexpected loss in system’s “Infiltration and openings”. Such an increase
was not reasonable, because the input of new characteristics into the model intended to
decrease the losses and increase building’s energy efficiency. The reason why such a
huge loss was observed into the system was that, when the windows’ shading were
input, it was first selected a wrong schedule of the opening which probably caused those
losses. When this opening schedule was adjusted the losses eliminated. Consequently,
problems that may arise are related to the way that the user has adjusted all the
parameters and systems’ control options therefore a thorough selection must be done.
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4 RESULTS
In this part, based on the Base model of the 150 m2 building, the results which arose
from all the simulations are here presented. Firstly, there is an image of the 3D model
created in each simulation with all changes implemented following by brief comments,
where it was demanded. Finally, all the results which accrued after program’s running
were mostly presented using tables imported from the program and diagrams in order to
be better understood.

Figure 4-1. The 3D model of the building created with all the initial Input data (Base
model).
The final model of the 150m2 detached house consisted of 10 rooms (including 3
bedrooms, 2 bathrooms, the kitchen, the hall, the family room, the warehouse and the
garage), 8 windows and 12 doors (4 of them exterior, including the big one for the
garage and 8 interior doors).

All the options used for the masonry within the program, finally gave the above Uvalues, which were in accordance with the Greek Regulation and comply with its limits:

Figure 4-2. External Walls.
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Figure 4-3. Internal Walls.

Figure 4-4. External Floor.

Figure 4-5. Internal Floor.

Figure 4-6. Roof.
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4.1 Results from the 1st Simulation
The accomplishment of the 1st simulation for the building presented in Figure 4-1,
showed that the average U-value was 0.3123 W/m2 k, Table 4-1. The heating demand
for this period was 6 762 KWh, while the cooling demand was 8 445 KWh. (accounted
per model floor area the total heating demand was 22.76 KWh/m2 for this year).
Table 4-1. Information regarding the energy for the whole building.

Table 4-2. Building’s heating and cooling demands.

Table 4-3. Delivered Energy Overview.

In Table 4-3. The total amount of energy used for the whole building was 7 646 KWh or
25.7 KWh/m2. In this total they are included both heating and cooling demands of the
building after the usage of the Heat Pump, as the demands presented in Table 4-2.
correspond to the demands of the house before the usage of the Heat Pump.
16

Table 4-4. System’s losses.

From the 1st simulation comparing the losses from all the zones, the one which
presented the highest losses was the ”Local cooling units” with a value of -7 941.4
KWh, ”Envelope & Thermal bridges” also shown the second higher number of losses
-3 536.9 KWh.
Table 4-5.Building’s envelope transmission.

More specifically, concerning envelope’s transmission, ”Windows” presented the
highest losses of about – 2 811.9 KWh for this one year period.
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Table 4-6.The room with the highest total heating demand per m2.

For this simulation the 2nd Bedroom was the room with the highest total heating
demand of 25.23 W/m2.

For studying the Thermal comfort of the building, two rooms opposite to each other
were picked as examples in order to observe if the entire of the house is acceptable for
its occupants in rooms with different positions. Hence, ”Family room” and ”Main
Bedroom” were the rooms used as examples for this case.

Figure 4-7.Thermal comfort in “Family room”.
For this one year period the entire of building achieved a satysfying Thermal comfort
for its occupants. In Figure 4-7. an example for one specific room was presented.
Hence, the ”Family room” for 5 902 hours the building is categorized in the ”Best”
comfort category, for 7 727 hours in ”Good”, for 8 471 is considered ”Acceptable”,
while only for 289 hours through all the year was set at the ”Unacceptable” category.
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Figure 4-8.Thermal comfort in “Main Bedroom”.
Another room of the building, the ”Main bedroom” also presented an improved Thermal
Comfort, as it was not placed to the ”Unacceptable” category for any hour of the year
and for 7 021 hours achieved to be at the ”Best” comfort category.
Above, they have also been examined the main temperatures that the rooms achieved
for the twelve different months of the year.In addition, two rooms were selected again
as examples in order to present the variation of the temperatures among the months for
two different rooms of the building. For this case, the ”2nd Bedroom” and the
”Kitchen” were used.
Table 4-7. 2nd Bedroom’s main temperatures .

The Table 4-7. the analysis of the 2nd Bedroom showed that for Mean air temperature
the values flactuated through the year. However, all the temperatures were among the
expected 22-25oC for all these 12 months. For Operative temperature, only in July the
temperature was 25.88 oC, an infinitesimal higher value than the limit of 25oC.
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Table 4-8. Kitchen’s main temperatures .

The temperatures from the kitchen flactuated among the 12 months during this one year
period and they also kept its minimum and maximum levels close to the expected 22-25
O
C, only a small deviation of 25.23 OC was observed in July in the Operative
Temperature.

4.2 Results from the 2nd Simulation

Figure 4-9. Building’s 3D model with window’s shading implemented.

Figure 4-10.Three pane glazing U-value.
The input of 3-pane glazing windows into the system gave an improved U-value of 1.9
W/m2 K compared to the 2.9 W/m2 K of the 2-pane glazing.This change helped the
system to decrease its losses coming from the windows.
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Table 4-9.Energy for the whole building for the 2nd simulation.

The average U-value of the whole building also decreased in 0.2607 W/m2 K than the
0.3123 W/m2 K which was achieved in the previous simulation.

Table 4-10. Building’s heating and cooling demands.

A small increase in the heating demands was observed, with a total of 6 855 KWh,
while the cooling demands presented a decrease with a total of 5 698 KWh for this year.
Table 4-11. Delivered Energy overview of the 2nd simulation.
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In the Table 4-11. was observed that the total energy used after the usage of the heat
pump, including all building’s activities was minimised than that in the first simulation,
accounting 7 172 KWh or 24.1KWh/m2 for this year.
Table 4-12. Building’s losses.

.
The losses from all the zones were minimized. The ”Local Cooling Units”, were again
the zone with the highest losses. However, the losses were now limited compared to the
previous ones to -5 237.2 KWh.

Table 4-13. Envelope transmission.

The implementation of the shading in the windows played a significant role, as now the
losses which were caused from the windows, were about 1 000 KWh lower than those
of the 1st simulation, accounting -1 863.7 KWh. ”Walls” in this step accounted the 2nd
highest losses of -1 651.1 KWh. Nevertheless, the losses from the ”Walls” in this
simulation were also minimised compared to the previous ones, while, in ”Thermal
bridges” there are no losses due to the changes that have been made into the system.
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Table 4-14. The room with the highest total heating demand per m2.

The 2nd bedroom had again the highest total heating demand, as in the first simulation.
However the number presented a decrease with a value of 19.92 W/m2.

Figure 4.11. Thermal comfort in ”Family room”.
The results from this analysis showed that the Thermal comfort for the ”Family room”
were set to the ”Best” category for more hours. In addition, the hours that the Thermal
comfort was placed in the ”Unacceptable” category were now limited in this simulation
than in the previous analysis by 29 hours during the one year period.

23

Figure 4.12. Thermal comfort in ”Main Bedroom”.
The hours that the ”Main Bedroom” achieved the ”Best” thermal comfort were also
increased in this simulation by 7 643 hours while only for 3 hours during the year the
thermal comfort was placed at ”Unacceptable” comfort category.
Table 4-15. 2nd Bedroom’s main temperatures .

All the temperatures for the ”2nd bedroom” were again within the expected limits for all
the 12 months. However, only July presented again a significantly small deviation from
the maximum value of 25 oC with the temperature being set at 25.51 oC.
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Table 4-16. Kitchen’s main temperatures .

For the ”Kitchen” the temperatures fluctuated remaining again within the defined
minimum and maximum values. In July the 25.3oC for the operative temperature was
infinitesimal out of the maximum value of 25oC as well.

4.3 Results from the 3rd Simulation

Figure 4-13. Building’s 3D model with the solar cells and photovoltaics implemented.
In this simulation the average U-value remained the same as in the 2nd simulation,
0.2607 W/m2 K, as no further changes in the parts that could influence their U-values
were made (such as windows, internal and external walls etc.).
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Table 4-17.Building’s heating & Cooling demands.

Both heating and cooling demands remain the same as in the 2nd simulation with 5 698
KWh for cooling and 6 855 KWh for heating for one year.

Table 4-18. Delivered energy overview of the 3rd simulation.

The total used energy of the whole building at this time, after the use of the heat pump
and the energy produced by the photovoltaics was further reduced in 5 556 KWh or
18.7 KWh/m2.
Table 4-19. Building’s losses.

26

System’s losses in different zones were practically the same as in the previous analysis,
as the difference between the numbers is infinitely low.
Table 4-20. Envelope’s transmission for the 3rd simulation.

Following a logical sequence of system’s total losses presented in the previous table, the
losses in envelope’s different parts presented almost the same numbers of KWh as well.
In addition the 2nd bedroom was once again the room with the highest total heating
demand with the same value of 19.92 W/m2.

Figure 4-14. Thermal comfort in ”Family room”.

Figure 4-15. Thermal comfort in ”Main Bedroom”.
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In Figures 4.15, 4.16 it is clear that the comfort categories that the system reached for
specific hours in the one year period were exactly the same as in the 2nd simulation for
both rooms which were used as examples in order to present the Thermal comfort in
building’s entire.
Table 4-21. 2nd Bedroom’s main temperatures .

Table 4-22. Kitchen’s main temperatures .

In Tables 4-21, 4-22. was observed that the temperatures for the 2nd bedroom and
kitchen fluctuated with the exact same values as in the previous analysis for each
separate month.
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4.4 Results from the 4th Simulation

Figure 4-16. Building’s 3D model with the changed orientation.
In the 4th simulation the average U-value remained the same of 0.2607 W/m2 K because
as in the third analysis the changes in this step did not concerned any parameter that
could affect the U-value.
Table 4-22.Delivered energy overview of the 4rth simulation.

The total used energy of the whole building from this analysis was 5 563 KWh or 18.7
KWh/m2. The total heating demand of the building before the usage of the heat pump
presented a small increase, accounted 6 978 KWh during this one year period, in this
step. In addition, the cooling demand (before the usage of the heat pump) was also
increased with a total value of 5 604 KWh. System’s losses remained almost the same
and the room with the highest heating demand was once again the 2nd bedroom with
20.5 W/m 2. The Thermal comfort of the “Family room” and “Main Bedroom” were
placed at the same comfort categories for the same hours and the main temperatures for
the “2nd Bedroom” and the “Kitchen” varied in the same way for the 12 months as in the
previous simulation.
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4.5 Comparison of the results from simulations number 3 and 4.
For both simulations number 3 and 4, the same data have been input into the system for
the construction of the dwelling. The only difference between those two simulations
was the changed orientation of building’s openings. The photovoltaics kept the same
orientation by facing the south in both simulations. Therefore, the comparison of the
results which derived from these two simulations was mandatory in order to be clear
which option was the best for this case study.

Figure 4-17.Building’s used energy in simulations 3 and 4.
The energy used within the building in order to cover its demands it is almost the same.
However, the 3rd model consumed slightly less energy than that of 4th simulation.

Figure 4-18. PV-Generated electric energy.
The KWh of energy produced by the PV in the 3rd and 4th model had only 1.3 KWh
difference with the first one accounting the higher value. Therefore, it is obvious that
the change in the orientation of the building affected in a way the PV production, but
this affection was not that big, because of systems robustness.
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Table 4-23. Windows’ orientation - 3rd simulation.

Table 4-24. Windows’ orientation - 4th simulation.

From Tables 4-19 and 4-20, it is clear that simulation number 3 had the biggest
openings facing the South (as the biggest windows area of 6.60 m2 was oriented that
way), while for simulation number 4, the same windows area was facing the North.
Τable 4-25.Systems’ losses during heating.

For both models created in simulations 3 and 4 the losses during heating were
practically the same with small differences in the numbers of the KWh. Only in the
“Envelope & Thermal bridges” there were observed higher losses in the 4th model with
-1 830.6 KWh for this one year period.
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5 DISCUSSION
According to the results presented in the previous chapter, after a series of simulations it
is clear that the model which follows the standards of a LEB constructed within the
Greek borders was the one presented in the 3rd simulation. A building with an energy
efficient design, with eliminated thermal bridges, thick insulations, proper windows
with moving shading, suitably oriented, which has also installed renewable energy
systems (heat pump, and photovoltaics) in order to cover its needs for heating, cooling
and warm water, is what the regulation defines a Low Energy Building (Tsiolis, 2010).
The present data indicate that the total energy usage, such as the final annual cooling
and heating demands play a significant role in the selection of the optimum model.
However, it is also important to clarify that the demands cannot be deemed as the only
criterion. In along with the previous characteristics referred for the 3rd simulation, it
must be clear that it is very important to diminish building’s final demands, however a
construction that does not follows such a design and has not implemented renewable
energy sources so that to cover its needs, cannot be regarded as a LEB which comply
with the limits that the regulation defines. From the 1st simulation to the 2nd it was
observed a small increase in model’s heating demands that could be explained, due to
the fact that the schedule of windows shading influences the profit of heat gains for the
system, even though a big decrease in the cooling demands was observed as well which
was good for the system (both these heating and cooling demands correspond to
system’s demands before the operation of the heat pump, as has been also noted in the
previous chapters). The results which arose from the 4th analysis were also too close to
those of the 3rd, however the 3rd model was the best option even for those infinitely
small differences in the numbers, because of trying of keeping the formality of the
procedure for selecting the model with the best results. Furthermore, the current models
created in each simulation followed a logical sequence, as the final Total Energy used
per year and system’s final losses were the highest in the first simulation than from all
the others and were gradually decreased, as new changes were implemented into the
system. More specifically, the Total Energy used for the building for one year in the 1st
simulation was 25.7 KWh/m2 while, in both the 3rd, 4th simulation was decreased in 18.7
KWh/m2. Also, in each simulation the entire of the building ensured a good thermal
comfort for its occupants for almost all the hours of the year as well as the indoor
temperature achieved to be within the expected limits of 22-25 oC. For the
accomplishment of the construction in this theoretical study, a research of the suitable
materials and systems that should be implemented has been also done. However,
because of a lack of thorough knowledge of the Simulation program used IDA ICE 4.7,
it is possible that the results could be proper. This happens because, since all the
parameters and the codes of the program which define every single characteristic
imported are not known, there are definitely ways to ameliorate the current model. As
for example, there are systems in the model such as schedules of opening the windows
shading or the lightning that can play a major role in the final results. Therefore, as the
changes that could have been done in each parameter are uncountable and the time was
limited the pace of the study was summarized in those 4 simulations (since several
additional simulations have been done during this research, but they are not presented,
as they were incomplete or their results did not meet the requirements of this project).
The current model could be further improved to a ZEB and diminish its Total Energy
usage of 18.7 KWh/m2 to zero, by adding even thicker insulations, combined heat and
power system, warm and cold water storage, wind turbine and a heat recovery
ventilation system. Such implementations with those already existed to the created
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model could equilibrate building’s annual energy consumption with its energy
production.
In the real world, a decision regarding the construction of a Low Energy Building is
also related to the final system’s cost. Owners always trying to find ways to have lowest
possible costs, therefore, the construction of a LEB might seem expensive at the first
glance, as the cost of the systems and the materials that must be input is higher than the
conventional ones. Anyhow, the future perspective of the depreciation must be
considered.
6 CONCLUSION
6.1.Study results
The initial results from the analysis have concluded in some interesting inductions.
Total building’s demands are directly influenced by the different parameters and the
addition of new ones into the system. Therefore, each increase or decrease in the
thicknesses of the materials and the implementation of new plants into the Base model
lead to an increase or a decrease in the total demand respectively. This increase or
decrease is dependent on the way the user adjusts the configurations of each new
parameter into the simulation program. Therefore, it is possible that a change which
firstly was input into the system in order to give better results, not to work as expected.
Furthermore, through this study, it has been clear that the U-value of some parts of the
envelope is an important parameter that must be regarded in the construction. In
addition, orientation is another criterion that affects system’s gains. Finally, through this
study, it has been also obvious that any new building is obligatory to comply with law’s
specific regulations that apply in any country.
6.2.Outlook
The present results arisen from the simulation procedure in this study could be further
improved and ameliorate the LEB construction into a ZEB, in a possible future
study.The final yearly demands in KWh/ m2 for the studied building are within
regulation’s limits, in order to define the house a LEB. However, as the knowledge in
the current simulation program was not intimate, there may exist some options and
configurations that could have been installed and the results could have been even more
adequate and interesting than the presented ones. Therefore, in a present scope, there
are uncountable alternations, changes and different construction materials that could be
implemented into the system, so as to achieve even better overall efficiencies. In
addition, other plants and systems (such as wind turbines, energy storage systems etc.)
could be also combined with those already used for the simulated building in order to
save biggest amounts energy and money.All those additions to the system could lead to
a ZEB construction. Another possible research out of the frameworks of this study and
the possibilites that the specific simulation program offers, it could be to investigate
ground’s properties and adjust the construction according to its requirements. A
possible combination of the current simulation program used, with any other exterior
program or any equipment, could improve the final results which derived from this
study. Finally, as evolution never ends, there is always the possibility of inventions of
new constructive materials with better properties, as well as new improved technologies
which could be used for the studied dwelling.
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6.3.Perspectives
Nowadays, the construction of more energy efficient buildings is more crucial than
ever. Worldwide, continuous efforts intend to reduce the consumption of total energy
use, as well as to conserve as much energy as possible. Therefore, as buildings obtain a
significant percentage of total energy use, the current study and all same kind of studies
that promote more energy efficient constructions are quite important. Especially, for the
Greek society that strives to comply with the European standards, as according to the
law, all the new buildings must have almost zero consumption. In addition, such studies
are considerable for Greece, as its average total energy demands in the building section
are higher than in other European countries as Sweden and Norway. Furthermore,
research over the technologies which eliminate the energy consumption not only reduce
building’s overall costs but also ensure a more “Green” future on a global scale.
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APPENDICES
Appendix A- Greek Standards according to Greek Regulation ”KENAK” .

The indoor temprature for e detached house in Greece is between 22-25 oC.

This image shows the average yearly energy usage in Greece for a detached house and
an apartment respectively.
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The uper limits of the U-values concerning the masonry.

Helliniko, Athens belongs to the climatic zone “B”.
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Final annually demands of two different buildings of “First energy class” category.

Appendix B- Other standards

Ventilation requirements for living areas according to ANSI/ASHRAE Standard 622001.
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ISO 7730: 2005 (E)
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Appendix C- Information regarding specific characteristics of the plants

PVs’ characteristics.
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Technical Brochure for Heat pumps.
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