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CHAPTER 1: INTRODUCTION

1.1. INTRODUCTION TO CAPSTONE DESIGN & RESEARCH
PROJECT III

The analysis of the Semeli Hotel, an important architectural element in the center of Nicosia,
constitutes a substantial study with multiple aspects. The selection of this building was based on a
series of criteria concerning its architectural dynamics, strategic location, and potential for

improvement regarding functionality and sustainability.

While the building fulfills its initial purpose to a limited extent, it presents significant
opportunities for enhancement, particularly regarding energy efficiency and thermal comfort. The
design of the hotel does not fully meet the modern sustainability requirements in terms of thermal
performance and the use of natural resources, such as natural light and passive shading. At the
same time, the analysis of the existing context highlights considerable opportunities for reducing

energy consumption and improving the overall user experience.

The building offers a unique opportunity for redesign and upgrading, and this study aims to
evaluate practical solutions that could be applied to other similar projects. This study adopts a

multi-dimensional approach that goes beyond simple architectural analysis.

Initially, the topography, land uses, and solar conditions were analyzed in detail through an
in-depth site study, followed by the analysis of technical and meteorological data, with particular

emphasis on recording thermal conditions and comfort levels within the building.

At a subsequent stage, and based on the questionnaire results, a simulation was conducted
using the DesignBuilder software in order to assess how the building’s conditions would be
affected following the energy upgrade and the modifications to the building envelope. Based on
the interventions implemented within the software, feasibilities studies were then carried out to

evaluate the viability and cost-effectiveness of the proposed investments.




At the same time, particular attention was given to the human experience through data
collection via questionnaires. These questionnaires were designed to capture the perceptions of

visitors and staff regarding thermal comfort during different seasons of the year.

The results from the analysis of the questionnaires are directly linked to the simulation
observations, in order to better understand the relationship between the building's energy

characteristics and the quality of the user experience.

At a subsequent stage, and based on the questionnaires, a simulation was conducted using
the DesignBuilder software to estimate how the building’s condition would be affected after the

energy upgrade and the changes made to the building envelope.

In summary, the study aimed to integrate data from different scientific fields to achieve a
comprehensive understanding of the Semeli Hotel. This process included identifying issues,
proposing solutions, and evaluating the potential for adapting the building to future needs, while

maintaining its role as a significant architectural landmark in Nicosia.

—



1.2. AREA ANALYSIS

The Semeli Hotel, located in the heart of the capital, Nicosia, holds significant architectural
and residential value for the city. Relevant areas that impact this analysis include traffic flow,
property distribution, flora, geomorphology, and solar maps. The space analysis is expected to be
accompanied by documentation, which will include either stereoscopic or illustrated diagrams, as
well as an outline of potential limitations that may affect the future development prospects of the

arca.

Next, the location of the hotel is presented at a scale of 1:2000.
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CHAPTER 2: SITE ANALYSIS

2.1. ANALYSIS OF SATELLITE IMAGE

The image below presents a detailed approach to the location of the Semeli Hotel through

four thematic sections that highlight the key elements of its spatial and urban positioning:

Diagram 2.1. Analysis of Satellite Image

> RESIDENTIAL AREAS

The first section emphasizes that the hotel is situated within a residential area. The diagram
shows that the hotel is surrounded by residential zones, depicted in dark red. This information is
important for understanding the dynamics of the neighborhood, housing density, potential noise

pollution, or the need to maintain privacy and tranquility within the hotel premises.

» ACCESS TO THE HOTEL (ACCESS POINTS)

The second section describes the access points to the hotel, marked by red lines. The main
access points are directly connected to the hotel and the surrounding urban fabric. Accessibility is

a crucial factor for the functioning of the space, facilitating the flow of visitors and staff.

> MAIN ROADS

The third section focuses on the main roads close to the hotel. These roads, indicated by
red lines, provide direct connections to the surrounding area. The main roads are easily accessible

by car, which is particularly important for tourists and business travelers.




» HIGH AND LOW TRAFFIC ROADS (SECONDARY ROADS)

The fourth section highlights the secondary roads, which identify areas with lower traffic
volume. These roads provide quieter connections and are useful for serving the residents of the
area and pedestrians. Analyzing this element is also important for designing access for logistics

and field support services.

> OVERALL RESULTS

The images at a 1:2000 scale provide a comprehensive view of the urban development
surrounding the hotel. The analysis of built areas, access points, and road networks reveals the
significant position of the hotel in a vibrant, complex, and connected urban area. These data are

valuable for optimizing the use of space, both in terms of functionality and architecture.

2.2. TRAFFIC DENSITY

The data regarding traffic density in the hotel’s area are presented. The data were collected
every two hours during the busiest day of the week, with the aim of understanding the noise levels.
The findings indicate that one direction of the area experiences higher levels of noise pollution.
This makes the application of a double-skin facade in that direction necessary to ensure the

building’s sound insulation.

The scale of the map is 1:40000, providing a broad overview of the area. Below are the

detailed observations:




DENSITY

[RATITIC

Diagram 2.2. Traffic Density

» 07:00 a.m. — The traffic is generally smooth (green), with some moderate (yellow) spots
on the main roads. Overall, traffic flow is relatively smooth.

> 09:00 a.m. — A significant increase in traffic, with clear signs of congestion (red). This is
the peak time for commuting to work or school.

» 11:00 a.m. — Traffic decreases, with smoother flow (green) and moderate traffic (yellow)
observed.

» 13:00 p.m. — Traffic is mainly smooth (green), with some moderate (yellow) spots.

» 15:00 p.m. — Traffic remains smooth (green) and moderate (yellow).

» 17:00 p.m. — Traffic is smooth (green) with some moderate (yellow) spots. Moderate
traffic is observed on the roads in front of the hotel.

» 19:00 p.m. — Traffic is mainly smooth (green), with some moderate (yellow) spots on the

main roads. Traffic flow is relatively smooth.

In summary, moderate traffic is observed on the nearby roads of the hotel, particularly during
the hours of 09:00 a.m., 01:00 p.m., and 05:00 p.m. The hour of 09:00 a.m. stands out for the
highest traffic density at the traffic lights due to people commuting to their workplaces.

Additionally, during these specific hours, increased noise levels are observed in the area.

]
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2.3. USER AREA ANALYSIS

According to the diagram of the analysis of regional users, the majority of users are residents
of the surrounding areas, representing a relatively large percentage of activity. Students make up
10%, while 5% are tourists and workers. This distribution highlights the diversity of users and

underscores the need for plans that cater to the needs of all groups.

o . Students
=14 ‘ Residents
; ‘ Workers
@ Tourists

® -

SCALE 1:10000

Diagram 2.3. User Area Analysis




2.4. MASTERPLAN

The general plan of the area, as shown in the image, reveals the overall urban layout,
providing crucial information about the space and the location of the Semeli Hotel. The area
includes main and secondary roads, green spaces, school facilities, and parking infrastructures.
The Semeli Hotel is marked in red, highlighting its strategic location in relation to the surrounding

roads and facilities.

The scale of the plan (1:2000) offers precise information about distances and the
arrangement of elements. It can be observed that the hotel is located in close proximity to the main
road, which is depicted in dark yellow (Main Road), facilitating access for both vehicles and
pedestrians. Additionally, the proximity of green spaces and school facilities (School Field)

enhances the character of the area as a vibrant and multifaceted environment.

The presence of multiple parking areas (Parking) indicates that the area is well-served in
terms of infrastructure. However, the fact that the hotel itself does not have private parking space
for its staff and guests affects its functionality. In conclusion, the strategic location of the Semeli
Hotel combines easy access and connectivity with a diverse urban environment, making it ideal

for both leisure and business activities.

LEGEND:

B sice

Buildings
City
P  Parking
Green Spaces
Main Road
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School Field

SCALE 1:2000

Image 2.4. Masterplan




2.5. CONTOUR LINES

The contour lines indicate that the hotel is located at an elevation of 166-167 meters above
sea level. The flat topography facilitates construction and reduces infrastructure costs. The map's

detail, with a scale of 1:2000, provides important information regarding the elevation differences.
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Image 2.5. Contour Lines
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2.6. SUNPATH DIAGRAMS

The solar diagrams are presented next: on the left for the summer solstice and on the right
for the winter solstice. The sun's paths illustrate the sunrise and sunset, as well as the shading of
the hotel during these specific periods. These data are crucial for energy efficiency and natural

lighting design. The scale is 1:10000.

> SUMMER SOLSTICE

On June 20, 2024 — 14:38, the day of the summer solstice, when summer is at its peak
(hence the choice of these two dates), the sun's trajectory shows that the area receives a large
amount of solar radiation throughout the day. The shadow is limited, and the main surfaces of the
hotel are exposed to intense light. This information is important for optimizing natural lighting

inside the hotel and designing outdoor spaces to provide natural shading.

» WINTER SOLSTICE

On December 21, 2024 — 14:38, the day of the winter solstice, the sun passes low in the
sky, resulting in large shadows. Since natural lighting in the hotel area may be reduced, strategic
planning is required to harness solar energy, such as installing solar collectors and using materials

with high reflectivity.

» CONCLUSIONS FROM THE DIAGRAMS

The solar diagram shows that the design of the hotel must be flexible to adapt to seasonal
variations in light and temperature. This information helps in creating energy-efficient and

environmentally sustainable designs.

]
14|
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SCALE 1:10000

Image 2.6. Sunpath Diagrams

2.7. VEGETATION DIAGRAM

The following diagram shows the vegetation in the area. Observations indicate that there are
many shrubs and Cypriot trees, such as olives, cypresses, palm trees, and lemon trees. Most of the
trees are located near schools and residential areas. It is important to integrate this vegetation into

the design of the area to maintain ecological balance.




SCALE 1:2000

Diagram 2.7. Vegetation Diagram




2.8. BUILDING FLOOR PLANS

After the visit to the hotel and the collection of available data, the floor plans of the ground
floor and the other floors of the hotel were redesigned. Each floor presents the distribution of
rooms, walls, and common areas. These diagrams are essential for understanding the functioning
of the interior of the building. It is also worth mentioning that the boundaries of the plot and the

surrounding vegetation are clearly distinguished.

» GROUND FLOOR PLAN

Image 2.8a. Ground Floor Plan




» 15T FLOOR PLAN

SCALE 1:500 A\

Image 2.8b. 1st Floor Plan

> 2P FLOOR PLAN

Image 2.8c. 2nd Floor Plan




> 3RP FLOOR PLAN

Image 2.8d. 3rd Floor Plan

> 4™ FLOOR PLAN

SCALE 1:500 /A

Image 2.8e. 4" Floor Plan




> 5th Floor Plan

Image 2.8f. 5" Floor Plan




2.9. SOUTHWEST ISOMETRIC VIEW / SIMULATION - RENDER

The south-west isometric diagram illustrates the internal structure of the Semeli Hotel and
its relationship with the surrounding buildings, providing valuable insights for potential
expansions or renovations. A simulation was then conducted, depicting the hotel during the
summer sunrise. The analysis highlights the need for renovation of materials to align with

contemporary standards.

This location analysis of the Semeli Hotel offers a detailed understanding of the urban,
architectural, and environmental context. The data gathered will enable potential improvements
regarding sustainability, functionality, and user-friendliness. Future proposals should be based on
these findings to address issues such as noise pollution, energy efficiency, and the preservation of

the natural balance.

SCALE 1:700

Image 2.9b. Southwest Isometric Diagram




SCALE 1:400 D

Image 2.9a. Simulation — Render




CHAPTER 3: METEREOLOGICAL CONDITIONS

The meteorological conditions are an important factor as they have significant effects on the
building. Therefore, an analysis will be provided for each season individually. Each season affects

the building in a unique way, especially due to the lack of thermal insulation.

3.1. TEMPERATURE BY MONTH

In the graph below, lines are depicted for each month from January to December. Most of

the lines exhibit relatively stable fluctuations, though there are some increases and decreases.

Some months, such as August and January, show lower values of variation compared to the
others. January, February, and November appear to have similar fluctuations, but with lower values

compared to July or September. Months like June and July display high values.
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Graph 3.1. Monthly Temperature
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3.2. TEMPERATURE IN WINTER

During the winter months, it appears that December starts with higher temperatures and
decreases towards the end of the month. January seems to have the most stable temperature, while
February experiences the most variation, starting at around 6 degrees and ending with

approximately 16 degrees.
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Graph 3.2. Temperature in Winter
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3.3. TEMPERATURE IN SPRING

Spring seems to start with lower temperatures, as it follows winter in the month of March.
However, the temperature during this month is almost stable, except for the last four days. April
shows an upward trend compared to March, while May experiences a larger increase compared to

the previous months.
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Graph 3.3. Temperature in Spring




3.4. TEMPERATURE IN SUMMER

The summer months show the greatest increase in temperature. July and August have the
highest temperatures of all months in the year, which is expected as they represent the peak of
summer. June also experiences high temperatures, but they are somewhat milder compared to the

other two summer months.
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Graph 3.4. Temperature in Summer
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3.5. TEMPERATURE IN AUTUMN

During the autumn months, we observe greater fluctuations between the months, as
September follows summer, while November precedes winter. September has relatively high
temperatures, which decrease towards the end of the month. This is followed by October, which
shows almost stable temperatures that reflect the drop from September. November starts with
temperatures similar to October’s, and after mid-month, a gradual decrease begins, leading to

temperatures 10 degrees lower than at the start of the month.
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Graph 3.5. Temperature in Autumn
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CHAPTER 4: ON — SITE MEASUREMENTS

4.1. ON — SITE MEASUREMENTS

The on-site measurements at the Semeli Hotel were conducted to check the air quality in
various areas of the hotel, the lighting quality, the measurement of solar radiation passing through
the windows, the thermography of the electromechanical equipment, and the measurement of the
electrical voltage. These measurements will be compared to the relevant standards to determine if

they fall within the specified limits, ensuring proper operating conditions.

The measurements at Semeli Hotel were carried out on November 2, 2024, on a Saturday,

specifically at 14:00, at the following points of the hotel:
1. Hotel entrance with windows on the South orientation
2. Reception desk with North orientation, no windows
3. Corridor of the 1st floor with windows on the North orientation
4. Room on the 1st floor with windows on the North orientation
5. Accounting office with windows on the North orientation

Next, the floor plans illustrating the above points are presented. In the following analysis,

parameters such as air quality, lighting uniformity, and more will be examined.

]
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4.1.1. MEASUREMENT INSTRUMENTS

During the on-site measurements, various instruments were used. Initially, for checking
temperature, humidity, and carbon dioxide levels (air quality), the CO2/Temp./RH DATA
LOGGER was used. To measure the artificial lighting from the lamps, the Mastech MS6612
Digital LUX Meter was employed. For measuring the solar radiation passing through the windows,
the TES 1333R Datalogging Solar Power Meter was used. Furthermore, for measuring electrical
supply quality (voltage), the Plug-in Power & Energy Monitor 2000MU was used, while for
thermography of the electromechanical equipment, the handheld Thermal Camera FLIR E8 was

utilized.

These specific instruments, along with their technical specifications, are presented in detail

in ANNEX 1.

]
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4.1.2. AIR QUALITY MEASUREMENTS

During the on-site measurements, air quality was checked in various zones of the hotel to
determine if the relevant parameters met the acceptable limits according to the standard EN ISO

13790:2008 [1].

Air quality is a crucial factor for the comfort and well-being of both the hotel's employees
and guests. Proper air quality control contributes to creating a healthy and comfortable

environment, which is essential for the smooth operation of the space.

In the tables below, we observe that the temperature and carbon dioxide levels are within the
desired limits according to the standard. On the other hand, the relative humidity does not meet
the desired limits, which can be attributed to the lack of thermal insulation in the building. This

lack of thermal insulation may affect humidity management, causing instability in its levels.

Proper humidity management is particularly important, as it can affect the health of
individuals in the space as well as the condition of the building materials. To ensure better air
quality, it is recommended to implement measures to enhance thermal insulation and improve the

hotel's air conditioning system.

Below are the results of the aforementioned measurements:

AIR QUALITY IN DIFFERENT AREAS OF THE HOTEL
AREA CO2-PPM °C %RH
HOTEL ENTRANCE 513 24.8 50.7
RECEPTION DESK 573 23.7 47.6
1ST FLOOR CORRIDOR 452 24.6 51.9
1ST FLOOR ROOM 480 24.3 53.2
ACCOUNTING OFFICE 449 25.1 50.4

Table 4.1.2a. Air Quality in Different Areas of the Hotel

DESIRED AIR QUALITY, TEMPERATURE & HUMIDITY LIMITS
CO2-PPM °C %RH
<1000 20 —-26 40% — 50%
Table 4.1.2b. Desired Air Quality, Temperature & Humidity Limits
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4.1.3. LIGHTING QUALITY MEASUREMENTS

In addition to air quality, lighting quality was also measured, as it is an important factor for
the comfort and performance of employees in the workplace. According to the requirements of the
standard Light and lighting - Lighting of work places - Part 1: Indoor work places, EN 12464-
1:2011 [2], adequate lighting in indoor workspaces is crucial for the health and productivity of

employees.

Poor lighting quality can cause eye strain, headaches, and reduced productivity, directly
impacting the comfort and performance of workers. On the other hand, appropriate lighting helps
reduce eye strain, promotes good health, and improves the mood of people in the space.
Specifically, the proper lighting intensity in workplaces, such as offices and reception areas,

contributes to improving concentration and efficiency.

The table below presents the lighting measurements in various zones of the hotel. At a later
stage, the average of the lighting measurements for each zone will be calculated and compared

with the standard.

LIGHTING QUALITY MEASUREMENTS IN DIFFERENT ZONES OF THE HOTEL
AREA LUX | LUX | LUX | LUX | LUX | LUX | LUX | LUX | LUX | LUX
1 2 3 4 5 6 7 8 9 10
HOTEL
ENTRANCE 147.6 | 100.9 | 155.9 | 140.6 | 175 | 139 | 177 | 169 | 172 | 171.8
RECEPTION
DESK 136 | 135 | 105 | 142 | 112 | 171 88 98 150 | 83.6
1ST FLOOR
CORRIDOR 6.79 | 12.1 | 245 | 16.02 | 61.7 | 3.26 | 6.8 | 14.66 | 18.17| 6.5
1ST FLOOR
ROOM 85 75 65 70 65 60 58 62 55 73
ACCOUNTING
OFFICE 161.1 | 1549 | 111 174 | 134 | 164 | 93 85 &3 113

Table 4.1.3a. Lighting Quality Measurements in Different Zones of the Hotel
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AVERAGE LIGHTING QUALITY MEASUREMENTS IN DIFFERENT
ZONES OF THE HOTEL
AVERAGE | TARGET
AREA MINIMUN | MAXIMUN LUX FOR GOOD
LUX LUX (MEASUR | LIGHTING
EMENTS) | QUALITY
HOTEL ENTRANCE 100.90 177.00 154.88 300
RECEPTION DESK 83.60 171.00 122.06 300
1ST FLOOR
CORRIDOR 3.26 61.70 17.05 100
1ST FLOOR ROOM 55.00 85.00 66.80 300
ACCOUNTING
OFFICE 83.00 174.00 127.30 500

Table 4.1.3b. Average Lighting Quality Measurements in Different Zones of the Hotel

We observe that the lighting measurements in certain areas do not meet the standards for
good lighting quality. Specifically, the areas of the First Floor Corridor and First Floor Room have

lighting levels significantly below the required standard values, with the illuminance level being

much lower than the desired threshold of 300 LUX.

On the other hand, areas such as the Hotel Entrance and Reception Office are close to
meeting the minimum requirements, but they do not reach the 300 LUX target set for indoor

working spaces. The areas that require improvement are those showing lighting levels below the

desired values, which could affect the comfort and productivity of employees in these spaces.

Overall, the lighting in the hotel does not fully meet the objectives of the EN 12464-1:2011

standard and actions are needed to increase the illuminance in certain areas of the building to

ensure proper comfort for employees and optimize their performance.

—
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4.2. ANALYSIS OF EAC BILLS

At alater stage, an analysis of the EAC (Electricity Authority of Cyprus) bills was conducted,
where the electricity consumption and the related cost per consumption are recorded. This analysis
was deemed necessary to establish the baseline both in terms of the quantity of electrical energy
in kWh and the cost per kWh (as a comparison will be made later). The following table presents
the monthly consumptions, the electricity cost excluding VAT, and the cost per kWh.

EAC BILLS SEMELI HOTEL
MONTH ELECTRICAL COSTEX. | COST PER kWh
CONSUMPTION (kWh) VAT (€) (€/kWh)
Jan-24 38,515 €10,653 €0.277
Feb-24 41,110 €11,596 €0.282
Mar-24 31,575 €8,404 €0.266
Apr-24 25,743 €6,976 €0.271
May-24 40,585 €10,446 €0.257
Jun-24 55,093 €15,447 €0.280
Jul-24 69,571 €19,029 €0.274
Aug-24 65,714 €18,317 €0.279
Sep-24 59,307 €16,992 €0.287
Oct-24 52,500 €13,924 €0.265
Nov-24 36,439 €9,198 €0.252
Dec-24 32,216 €7,716 €0.240
TOTAL 548,368 €148,697 €0.271

Table 4.20. Analysis of EAC Bills
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ELECTRICITY CONSUMPTION 2024 (KWh)
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Grafic 4.2a. Analysis of EAC Bills

According to the above table and diagram 4.2a, it is observed that during the summer months,
electricity consumption increases due to the higher use of air conditioning systems.
The total electricity consumption of the hotel for the year 2024 amounted to 548,368 kWh, with a
total cost of €148,697, excluding VAT. The cost per kWh, which will be used as a basis for

subsequent techno-economic analyses, amounts to €0.271/kWh.




4.3. THERMOGRAPHY

During the on-site visit to the hotel, spot thermographic scans were performed at points
deemed potentially problematic in their operation. Additionally, thermographic scans were carried

out at locations considered responsible for high electricity consumption.

More specifically, the thermography was conducted to detect malfunctions in the
electromechanical equipment. Notably, thermography can prevent any damage or even destruction

of the equipment.

The thermography was carried out at the following points with the help of the thermal

camera, the technical specifications of which are provided in Appendix 1:

a) Thermography of Mechanical Equipment & HVAC
b) Thermography of Boiler Pumps & Piping
c) Thermography of Refrigeration Equipment

» THERMOGRAPHY OF MECHANICAL EQUIPMENT & HVAC

Regarding the thermography of the mechanical equipment and HVAC, it is observed that
according to the SuccessIRies™ 104 standard: Temperature Limits for Electrical &
Mechanical Equipment [3], the temperatures for all cases are within the permissible limits, as

they are below 70°C.

RADIATOR CHILLER




PUMP CHILLER

» THERMOGRAPHY OF BOILER PUMPS & PIPING

Regarding the thermography of the Boiler Pumps & Piping, it is observed that according to
the SuccessIRies™ 104 standard: Temperature Limits for Electrical & Mechanical
Equipment [3], the temperatures for all cases are within the permissible limits, as they are below

70°C.

PUMP BOILER
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» THERMOGRAPHY OF REFRIGERATION EQUIPMENT

Regarding the thermography of the Refrigeration Equipment, it is observed that according
to the SuccessIRies™ 104 standard: Temperature Limits for Electrical & Mechanical
Equipment [3], the temperatures for all cases are within the permissible limits, as they are below

70°C.
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4.4. ELECTROMECHANICAL EQUIPMENT

Semeli Hotel, in order to provide the best service to its guests, uses air conditioning systems
for cooling and heating the building. It also has a large number of refrigeration equipment to meet

its operational needs. Below is an overview of the electromechanical equipment used in the hotel.

4.4.1 HEATING VENTILATION AIR CONDITIONING SYSTEM -
ELECTRICAL ENERGY

The air conditioning system of the hotel (heating and cooling) is provided by 6 chillers, in
combination with 16 cassette units, 9 standalone air conditioning units, and 86 built-in cassette

units in the common areas of the hotel, such as rooms, kitchens, etc.

The model of these chillers is MGA-F65W/SN, with a heating performance factor (COP) of
3.009 and a cooling performance factor (EER) of 3.286. However, these units are considered quite
energy-intensive, as they are relatively old and therefore cannot operate at their maximum
efficiency, with empirical data suggesting a potential performance loss of up to 40% (EER = 1.81
and COP = 1.98). It is worth noting that they consume more energy compared to modern units, as
indicated by the fact that their heating and cooling performance factors fall below 3.00, whereas

modern chillers have significantly higher performance ratings.
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Image 4.4.1a. Six Chillers on the Roof of the Building

eed module

-

Image 4.4.1b. Technical Specifications of the Chillers




Image 4.4.1c. Cassetes of HVAC

Image 4.4.1d. Split Unit of HVAC




4.4.2 HEATING VENTILATION AIR CONDITIONING SYSTEMS AND
DHW WITH BOILERS - THERMAL ENERGY

At Semeli Hotel, heating is also provided with the help of two oil boilers, in addition to the
chillers. Notably, the use of the two boilers also produces Domestic Hot Water (DHW).
The building has two oil boilers and two BEO30AL burner units, which have an electrical power
ranging from 71 to 202 kW.




4.4.3. LIGHTING

The lighting installed in the hotel consists of LED bulbs, which consume less electrical
energy as they are more energy-efficient compared to conventional bulbs. It is also worth noting

that LED bulbs have a longer lifespan compared to conventional bulbs.

Image 4.4.3a. Lighting LED




4.4.4. REFRIGARITION EQUIPMENT - COLD ROOM

The storage of products for food preparation and processing in the kitchen, as well as the
storage of beverages in the hotel's bar, is done using refrigerators that are relatively old. As a result,

there is a high consumption of electrical energy, as these systems are quite energy-intensive.

Additionally, in the kitchen, there are installed cold rooms for storing products that require
freezing for preservation. It is worth noting that this equipment is also considered quite energy-

consuming, as it is also quite old.

Image 4.4.4a. Refrigeration Equipment




Image 4.4.4b. Refrigeration Equipment

Image 4.4.4c. Compressor Cold Room
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Image 4.3.4d. Technical Specification Cold Room

4.4.5. CALCULATION OF HEAT TRANSFER COEFFICIENT (U-value)

The heat transfer coefficient is an important factor for the energy performance of a building,
as it determines the heating and cooling needs depending on the conditions. In simpler terms, the

heat transfer coefficient defines how warm or cool the interior of the building will remain.

The heat transfer coefficient (U-Value) expresses the rate of heat transfer through a material
or a structural surface. It is measured in W/m?K and indicates how much heat (in Watts) passes
through 1 square meter of surface for each degree Kelvin temperature difference between the two

sides of the material.

In the existing building, as will be analyzed in a later stage, the heat transfer coefficients of
the frames, masonry, roof, and floor are significantly higher than the permissible limits set by
Regulation K.A.Il. 122/2020. This results in increased heating and cooling demands, as the

building fails to maintain a stable and desired interior temperature.

Below are the calculations performed to determine the heat transfer coefficient in each case. At
this point, it is worth noting that ideally, the measurements should be taken using a special
instrument for measuring the heat transfer coefficient. However, due to the unavailability of this

equipment, Excel calculation sheets provided by the Insulation Guide were used.




Calculation of U-value for existing windows:

The hotel’s glazing is double, without special protection, and has dimensions 4-16-4 with air
in the gap. According to Table 6.12 from the insulation guide, for this configuration, the heat

transfer coefficient Ug is 2.7 W/m?K.

In Table 6.13 from the insulation guide, the overall heat transfer coefficient of the frames
(U-value) is presented, which depends on the values of Ug and Uf. Where Ug = 2.7 W/m?K and
the corresponding value for the frame is Uf = 7.0 W/m?K.

Therefore, the total heat transfer coefficient of the frame is U-value = 4.0 W/m?K, which is

above the desired limit of 2.25 W/m?K (according to regulation K.A.I1. 122/2020).
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Calculation of the Heat Transfer Coefficient (U-Value) for Masonry, Floor, and Roof

According to the building energy performance regulations (K.D.P. 122/2020), the maximum

allowable limit for masonry and roof is 0.4 W/m?K.
If the values exceed the allowable limits, the following negative impacts may occur:

e Increased energy losses: A significant amount of heat is lost during winter and heat enters
during summer, increasing heating and cooling demands.

e Higher operational costs: Due to thermal losses, more energy is required to maintain a
comfortable indoor temperature.

e Reduced comfort: Indoor spaces are more affected by external weather conditions,
resulting in larger temperature fluctuations.

¢ Risk of condensation and moisture: Insufficient thermal insulation can cause cold

surfaces where moisture condenses, leading to mold and damage.

Construction description Floor
; Material Thermg I. Th_ermal Typical
A/A Name of Material Thi Conductivity | Resistance :
ickness : : Design
d (m) Material of Mazterlal Detail
A (W/mK) R (m*K/W)
Starting from the inside
1 | Ceramic/clay tiles 0.020 0.800 0.025
2 | Cement screed 0.050 1.400 0.036
3 | Cast Concrete 0.100 0.380 0.263
4 | Aerated Concrete Slab 0.200 0.160 1.250
Heat Flow Downwards Coefficient of Thermal
Rsi (m?K/W) 0.170 Conductivity U (W/m2K)
Rse (m?K/W) 0.040 0.561
Notes:

The requirement of U<0.4 W/m?K as defined by the relevant decree is not met

—
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Construction description External Wall
; Material Thermg I. Thgrmal Typical
A/A Name of Material Thi Conductivity | Resistance .
ickness Material f Material Design
d (m) aieria or viene Detail
A (W/mK) R (m*K/W)
Starting from the inside
1 Cement plaster 0.025 0.720 0.035
2 Brick 0.200 0.720 0.278
3 Cement plaster 0.025 0.720 0.035
Heat Flow Horizontally Coefficient of Thermal
Rsi (m?K/W) 0.130 Conductivity U (W/m?K)
Rse (m?K/W) 0.040 1.933
Notes:
The requirement of U<0.4 W/m?K as defined by the relevant decree is not met
Construction description Roof
: Material Thermg I. Thgrmal .
A/A Name of Material Thi Conductivity | Resistance Typical
ickness | “Material - | of Material | Design Detail
d (m) ateria o] a2 g
A (W/mK) R (m*K/W)
Starting from the inside
1 | Cement plaster 0.025 0.720 0.035
2 | Aerated Concrete Slab 0.200 0.160 1.250
3 | Cement screed 0.050 1.400 0.036
4 | Roofing Felt 0.002 0.190 0.011
Heat Flow Downwards Coefficient of Thermal
Rsi (m?K/W) 0.100 Conductivity U (W/m?K)
Rse (m?K/W) 0.040 0.680
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Notes:

The requirement of U<0.4 W/m?K as defined by the relevant decree is met

Construction description Floor slab
_ Material Therm.all Th_ermal .
A/A Name of Material Thickness Conductivity | Resistance Typical
d (m) Material of Mazterlal Design Detail
A (W/mK) | R (m*K/W)
Starting from the inside
1 Ceramic/clay tiles 0.020 0.800 0.025
2 Cement screed 0.050 1.400 0.036
3 Cast Concrete 0.200 1.400 0.143
4 Cement plaster 0.025 0.720 0.035
5 Cement screed 0.050 1.400 0.036
6 Cast Concrete 0.200 1.400 0.143
7 Cement plaster 0.025 0.720 0.035
Heat Flow Downwards Coefficient of Thermal
Rsi (m2K/W) 0.100 Conductivity U (W/mZ2K)
Rse (m?K/W) 0.040 1.690
Notes:

The requirement of U<0.4 W/m?K as defined by the relevant decree is not met

According to the above results, it is observed that in all cases the heat transfer coefficients

exceed the allowable limits. This results in increased use of air conditioning systems, as they

operate for longer hours to maintain the desired indoor temperature of the hotel. Their extended

operation leads to higher electricity consumption, which in turn causes an increase in operating

costs. At the same time, the company’s carbon footprint also rises due to the greater emissions

released into the atmosphere.

—
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CHAPTER 5: DESIGN BUILDER OF EXISTING
BUILDING

5.1. PURPOSE

The main purpose of using the DesignBuilder software in the study of the Semeli Hotel was
the energy simulation and evaluation of the building. Through the program, it was possible to
analyze the energy behavior of the hotel, calculate thermal losses and heating/cooling loads, as
well as evaluate alternative energy performance scenarios. The software contributed to a better
understanding of the impact of building design and HVAC systems on the overall energy
consumption of the building, with the aim of optimizing its operation and reducing its

environmental footprint.

5.2. BUILDING DESCRIPTION

The building is a hotel unit consisting of 5 floors— a ground floor and 4 floors with guest
rooms. It has dimensions of 38 meters in length and 14.6 meters in width, with a total area of 1,965
m?. The building is used both as a hotel and for seminar spaces. It includes areas such as a kitchen,
dining room, reception area, bar, lounge, offices, seminar rooms, shared restrooms, staircases, and

rooms with private bathrooms.

The building is located in Nicosia, the capital of Cyprus, which is characterized by a warm
Mediterranean climate with hot summers and mild winters. Its location significantly affects the

thermal behavior of the building.
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Image 5.2a. Building Fagade

5.3. DESIGN BUILDER

DesignBuilder is an advanced building simulation software used for analyzing a building's
energy performance, thermal comfort, and lighting. It is based on the EnergyPlus simulation
engine and offers a user-friendly interface that allows users to create 3D building models and carry
out complex analyses such as thermal/cooling energy consumption, lighting, ventilation, thermal
comfort, and more. It is widely used by architects, engineers, and researchers for the design and

improvement of buildings' energy efficiency.

5.3.1. BUILDING DESIGN & MODELING

Users can design complex geometric building layouts thanks to a 3D modeling tool. The

software provides the ability to import CAD drawings and create zones and surfaces.

5.3.2. CONSTRUCTION AND MATERIALS

The software offers an extensive library of building elements, materials, and systems. The

designer can define thermal properties, types of windows and frames, wall materials, insulation,




and more. It also provides predefined construction templates in accordance with national

standards.

5.3.3. SPACE USES AND ACTIVITIES

In each building zone, it is possible to define the type of use (offices, school, hotel,
residential, etc.), including ventilation standards, comfort conditions, and internal gain profiles

(human activity, lighting, equipment).

5.3.4. HVAC SYSTEMS

The software provides capabilities for detailed modeling of cooling, heating, ventilation, and
air conditioning systems. The user can choose between simple systems and complex controlled

systems, such as heat recovery units, VRV systems, heat pumps, etc.

5.3.5. LIGHTING

The software allows the analysis and adjustment of lighting based on photometric data and

the energy consumption from lighting systems.

5.3.6. DAYLIGHT ANALYSIS

Using the Daylight Analysis tool, the software calculates indicators such as the Daylight
Factor, which help evaluate the quality of natural lighting in the building.
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5.4. THERMAL ZONES

Thermal zones are areas within a building that are assumed to have uniform conditions of
temperature, humidity, and ventilation. Each zone may include one or more spaces with similar

usage characteristics and comfort requirements.

Zones are used for analyzing the energy performance of the building, as the software calculates
the thermal behavior of each zone individually, taking into account factors such as orientation,
openings, insulation, HVAC systems, and internal thermal loads (e.g., lighting, appliances,

occupancy).

5.5. THERMAL COMFORT CONDITIONS (PMV, PPD)

Thermal comfort refers to the level of satisfaction experienced by occupants in relation to
indoor temperature conditions. The key indicators used to assess thermal comfort are PMV

(Predicted Mean Vote) and PPD (Predicted Percentage of Dissatisfied).

e PMV (Predicted Mean Vote): PMV predicts the average vote of individuals on
thermal sensation using a scale from -3 (cold) to +3 (hot). The goal is to keep the
PMYV close to 0, which indicates neutral thermal comfort. For indoor comfort, the

acceptable PMV range is between -0.5 and +0.5.

e PPD (Predicted Percentage of Dissatisfied): PPD calculates the percentage of
people likely to feel dissatisfied with the thermal conditions. The aim is to maintain

PPD below 10%, to ensure the satisfaction of most building occupants.
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5.6. BUILDING CREATION IN DESIGNBUILDER

A new file was created in the software, with the location set to Larnaca Airport. This location
was chosen because it is the closest available option in the software that provides reliable climatic

data, relative to Nicosia, where the building under study is located.

Mew file
New project
Location
Title ¥
Title Untitled

A is

Analysis type 1-EnergyFlus -
Location

%y Location LARMACA AIRFORT
LEEDYASHRAE 90.1 kaodel

[ ASHRAE 901 App G PRM

Image 5.60.:: Loacation Selection

The creation of the building’s external outline was carried out using the "Add New Block"
command from the command bar. The building was designed with external walls measuring 38
meters in length, 14.6 meters in width, and a total height of 16.5 meters. This geometry defines the

basic dimensions of the building and the organization of the space.
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Image 5.6b: 3D visualization of the exterior masonry of a building

5.6.1. EXTERNAL WALL CONSTRUCTION

After completing the creation of the building’s external outline, the materials of the external
walls were customized. As shown below, the material customization was done using the
Construction panel of the software. The external wall consists of three distinct layers, each with

different materials and thicknesses. The detailed wall composition includes the following:

1. External Layer:
» Material: Cement/plaster/mortar — cement plaster
* Thickness: 0.025 m

2. Second Layer:
» Material: Brick
 Thickness: 0.200 m

3. Internal Layer:

* Material: Cement/plaster/mortar — cement plaster
* Thickness: 0.025 m




Edit construction - Copy of external_wall

Layers Surface properties Image Calculated Cost Condensation analysis

Seneral

Name BExaernal_wall

Source

B‘Categgry W'alls -
S Fegion Genearal

EI Colour

Definition

Drefinition method 1-Lawers -
Calculation Settings

Lawers

Mumber of layers 3
DOutermost layer

&Material Cement/plaster/monar - cement plaster
Thickness (m) 0.0z250

] Bridged?

&Material Brick

Thickness (m) 0.zo0a0

] Bridged®

Innernnost lawer

ssebAaterial Cement/plaster/monar - cemeant plaster

Thickness (m) 0.0z250

] Bridged*®

TR Cnn\_feu.:twe heat transfer coeﬁlqent fm2-K) 2152
Radiative heat transfer coefficient (me-K) 5540
Surface resistance (mz-K i) 0130
Cuter surface
Convective heattransfer coefficient (W/m2-K) 19.870
Radiative heat transfer coefficient (W/mZ-K) 5130
Surface resistance (me-Kib) 0.040
Mo Bridging
L-value surface to surface (W/m2-K) 2.880
B-alue (m2-KAW) 0517
U-Yalue (W/m2-K) 1.933
th Bridaing (BS EM 150 65948)
Thickness (m) 0.2500
Km - Internal heat capacity (KJ/m2-k) 157.9200
Upper resistance limit (m2-KAN) 0517
Lower resistance limit (m2-KA) 0517
U-value surface to suface (Mfme-K) 2.880
R-Yalue (m2-KAn) 0517
Inner surface U-Value (W/m2-K) 1.933

Image 5.6.1a. External wall construction




5.6.2. SEPARATION OF ZONES AND ADDITION OF INTERNAL WALLS

The building consists of various thermal zones corresponding to different spaces. The layout

of the building is as follows:

¢ Ground floor

W Lavour | Activey | Construction | Openings | Lighting | HvAC | Misce, Jcro

] Eatingfdrinking area
| |Food preparation area
Circulation area (corridors and stainvays)

Light plant room
Assembly areas f halls

|__|Bathroom
Tollat
Store Room £ {
| |Reception " ruwwosse - KIMARISTASE I amers
|| Generic Office Area
........... - ! KIRIPRA,
i ron-l:
E I
HALL u

Image 5.6.2a. Zone for ground floor

¢ Floors with rooms

N tayout | Activey | Constnuction | Openings | Lighting | HVAC | Miscet | cro

Bathroom
Badroom Only
Circulation area (corridors and stairways)

Light plant room
Generc Office Area

oz | BED 12 | L ! enieof BED 1%}

[ Eam 1l

: BED 11

BED 3

Image 5.6.2b. Zone for ground floor




5.6.3. INTERNAL WALLS

For the internal walls, as mentioned above, we added the wall construction materials using
the Construction table of the software. The internal wall consists of three distinct layers, each with
different materials and thicknesses. Its detailed composition, as well as the U-value, is shown

below:

o [External Layer:
o Material: Cement plaster
o Thickness: 0.025 m

e Second Layer:
o Material: Brick
o Thickness: 0.200 m

e Internal Layer:
o Material: Cement plaster

o Thickness: 0.025 m
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Layers || Suface properties || Image | Calculated || Cost || Condensation analysis

Name in_wall

Source

B Category Partitions &7
& Region General

EI Colaur

Definition

Definition method 1-Layers -
ation Settings

ars 3

el

@Material Cement'plastermontar - cement plaster
Thickness (m) 0.0250
[ Bridged?

Material Brick
&
Thickness (m) 0.2000
[ Bridged?

Material Cerment/plastermonar - cement plaster
& P p
Thickness (m) 0.0250

iLayers ISurface properties ||].nage |Calcu|a!ed |C08t |Condensation anaws I Layers | Suface properties | Image | Calculated || Cost || Condensation analysis

Conwvective heat transfer coefficient (4W/m2-K) 2152
QOuter surface Radistive haat transfer coefficient (W 2-K) 5.E40
Surface resistance (m2-KMW) 0.130

Quter surface

Conwvective heat transfer coefficient (4W/m2-K) 2152

Radiative heat transfer coefficient (W/mz2-K) 5.540

Surface resistance (m2-KMWy) 0.130
Mo Bridging

U-alue surface to surface (W/m2-K) 2.880

R-alue (m2-KA) 0.607

U-Value (W/m2-K) 1.647

(m)

0.2500
Krr - Internal heat capacity (KJfm2-K) 157.9200
Upper resistance limit (m2-KA) 0.607
Lower resistance limit (m2-KAW) 0.607
U-alue surface to surface (W/m2-K) 2.880
R-alue (mz-Kae) 0.607
U-Value (Wim2-K) 1.647

Inner surface

Image 5.6.3a. Internal wall construction




5.6.4. ADDITION OF OPENINGS

Using the "Draw Partitions" command of the software, the windows were designed on each floor.

Image 5.6.4a: Representation of openings

[ Glazing Template

Single glazing. clear. no shading
w External ‘Windows

(1Glazing type =gl Clr Bmm

(dLayout Freterred height 1.5m, 30% glazed

Image 5.6.4b: Window specifications

Calculated “alues
Total salar transmission (SHGIC) 0.819
Direct solar transmission 0.775
“isible transmittance 0.881
U=ralue (150 10292 EMN B73) (Wm2-k) 5718
U—Falue (Wim2-K) L 778

Image 5.6.4c: Thermal transmittance coefficient (U-Value) of the windows

—
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For the building's doors, the material "Woods — oak, beech, ash, walnut, meranti Dry" was

used.
Cornwvective heat transfer coefficient (W/m2-K) 2,152
Radiative heat transfer coefficient (W/m2-K) 5.540
Surface resistance (m2-K/MW) 0,130
Convective heat transfer coefficient (W/m2-K) 19,460
Radiative heat transfer coefficient (W/m2-K) 5540
Surface resistance (m2-KMW) 0.040
Na Bridging

U-value surface to surface (W/m2-K) 5.429
R-Value (m2-KAY) 0,354
U-Value (W/m2-K) 2.823
Thickness (m) 00350
Km - Internal heat capacity (KJ/m2-K) 29,2775
Upper resistance limit (m2-K/W) 0.354
Lower resistance limit (m2-KM) 0,354
U-Value surface to surface (W/m2-K) 5429
B-Value (m2-KAY) 0,354
U-Value (W/m2-K) 2.823

Image 5.6.4d: Thermal properties and thermal transmittance coefficient (U-Value) for the interior doors

5.6.5. FLOOR STRUCTURE

For the building's floor, a floor template was created in the “Construction” > GroundFloor
section, as shown below. The external layer consists of ceramic floor tiles with a thickness of 0.02

m, while the internal layer is made of reinforced concrete with a thickness of 0.20 m.

Floors
~yGround floor GroundFloor
“pExternal floor FProject external floor
gintermal floar Frojectinternal floar

Image 5.6.5a: Creation of floor template

o [External Layer

o Material: Aerated Concrete Slab

o Thickness: 0.20 m
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Layers || Suface properties

Internal Layer
o Material: Ceramic/clay tiles — ceramic floor tiles

o Thickness: 0.02 m

Layers || Surface properties | Image || Calculated | Cost || Condensation analysis

MName GroundFloor

Source
[ Categaory Floars (ground) -
o Fegion General

Colaur

Definition

Definition method 1-Layers -

Mumber of layer 2 -

Cuterm 7

&Material Aerated Concrete Slab
Thickness (m) 0.2000
[ Bridged?
Innermost |:
Syhaterial Ceramic/clay tiles - ceramic floor tiles Dr
Thickness (rm) 0.0200
[ Bridged?

Layers || Surface properties || Image || Calculated || Cost || Condensation analysis

Image || Calculated | Cost | Condensation analysis

Outer surface

mm  Ceran

Inner surface

Convecdtive heat transfer coefficient (AWm2-K)
Inner surface Fadiative heat transfer coefficient (Wim2-k)
Surface resistance (m2-kAM)

Convecdtive heat transfer coefficient (AWm2-K)
Radiative heat transfer coefficient {Wim2-K)
Surface resistance (m2-kAM)

Mo Bridging
U-value suface to surface MWim2-K)
F-value (m2-E i
U-alue (Wim2-K)
ith Bridging (BS

Thickness (m)

krm - Intermal heat capacity (KJ/m2-K)
Upper resistance limit (m2-KA)
Lower resistance limit (mz-KA4W)
U-value suface to surface MWim2-K)
F-value (m2-E i

U-alue (Wim2-K)

Image 5.6.5a: Floor structure

0.342
5540
0170

18.870
5130
0.040

0.784
1.4885
0.673

02200
62,5000
1.4885
1.4885
0.784
1.4885
0.673




5.6.6. ROOF CREATION

The building under analysis does not have a pitched roof; therefore, a flat roof template was
created in the “Construction” > Flat Roof section, and the construction materials were added as

follows:

External Layer:
o Material: Roofing Felt

o Thickness: 0.002 m

Second Layer:

o Material: Cement/plaster/mortar — cement screed

o Thickness: 0.05 m

Third Layer:

o Material: Aerated Concrete Slab

o Thickness: 0.20 m

Internal Layer:

o Material: Cement/plaster/mortar — cement plaster

o Thickness: 0.025 m
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Layers | Surface properties || Image || Calculated || Cost || Condensation analysis

Name PlakaFano

Definition

Definition method

&Material Roofing Felt
Thickness (m) 0.0020
[ Bridged?

anear £

@Material

Source

B Category Roots -
o Fegion General

Colaur

1-Layers >

Cement/plaster/moartar - cement screed
Thickness (m) 0.0500
[ Bridged?

&Material Agrated Concrete Slab
Thickness (m) 0.2000
[ Bridged?

&Material Cement/plaster/mortar - cement plaster
Thickness (m) 0.0250
[ Bridged?
Layers || Surface properties || Image || Calculated || Cost || Condensation analysis
Layers | Surface properties | Image | Calculated | Cost | Condensation analysis : :
nner surface
Cross Se Convective heat transfer coefficient (Wim2-K) 4.460
Outer surface Radiative heat transfer coefficient (Wmiz-K) 5.540
Surace resistance (ma-KA) n.aa

P20 Reofitg et

- S Outer sudace

Convective heat transfer coefficient (Wim2-K) 19.6870

Radiative heat transfer coefficient (W/m2-K) 5.130

| Surace resistance (ma-KA) 0.04a

Mo Bridging

U-value surface to surface (Wim2-K) 0.751

R-alue (m2-KAW) 1.471
0.680

U-Yalue (W/m2-K)

200.00mm Aerated Concrete Slab th Ericlging
Thickness (m) 02770
Krm - Internal heat capacity (KJ/m2-K) 68.4600
Upper resistance limit (m2-KA) 1.471
Lonver resistance limit (m2-KAN) 1.4
U-alue surface to surface (W m2-k) 0.751
Frvalue (mz-Fa 1.471

[, U-Value (W/m2-K) 0.680

Image 5.6.6a: Roof construction




5.6.7. INTERMEDIATE FLOOR CREATION

For the slab between the floors of the building, a roof template was created in the

“Construction” > Flat Roof section, and the construction materials were added as follows:

External Layer:
o Material: Ceramic/clay tiles — ceramic floor tiles
o Thickness: 0.02 m
e Second Layer:
o Material: Cement/plaster/mortar — cement screed
o Thickness: 0.05 m
o Third Layer:
o Material: Cast Concrete
o Thickness: 0.15 m
e Fourth Layer:
o Material: Cement/plaster/mortar — cement plaster
o Thickness: 0.025 m
o Fifth Layer:
o Material: Cement/plaster/mortar — cement screed
o Thickness: 0.05 m
o Sixth Layer:

o Material: Cast Concrete
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o Thickness: 0.15 m
o Internal Layer:
o Material: Cement/plaster/mortar — cement plaster

o Thickness: 0.025 m

iLayevs |Sutface properties |Image |Ca|cu!aled |Cod |Condensation analysis I

Cross Bection

Layers | Surface properties | Image | Caloulsted | Cost | Condensation analysis

General

Name plaka Outer suface

Source 20000mm  Ceramic/clay ceramic floor tiles Drplhot to scale]
[ Category Roats M

& Region General

Colar 150.00mm Cast Concrete ([Dense]

Definition

Murnber of layers 7 v

Ciutermost layer
@Material Ceramic/clay tiles - ceramic floar tles Dr 150.00mm Cast Concrete (Dense)
Thickness (m) 0.0200
[ Bridged?

. I f

aterial erment/olasterfmonar - cement scree
SMetel Camenplaster 4 nner surface
Thickness (m) 0.0500

[ Bridged?

Layerd
Material CeelCaneeta (2ree) Convective heat fransfer cosfficient (W/m2-K) 4.460
Thickness {m) 01500 Radiative heatransfer cosfficient (A7m2-) 5540
[ Bricigect? Surtace resistance (m2-KAW) 0.100
4 Outer surface
Iaterial Cement/nlaster/mortar - cement plaster Comvective heat transter coefficient (W/m2-) 19870

& 2 P

Thickness (m) 00250 Fiadiative heat transter coefficient (W/m2-K) 5130
[ Briciged? Surface resistance (m2-KMW) 0.040

5 Mo Bridging

@Material Cement/plaster/martar - cement screed LoVAIE SUTaES sy ace (Y e ) i

00500 Pevalue (m2-KAw) 0520
THIeHEE5() ' U-Value (W/m2-K) 1922
[ Bridged? With Bridging S0 B34E]

B st -

- Thickness () 0.4700
SyMaterial Cast Cancrete (Dense) Km - Intemal heat cepacity (KJ/mz-K) 169,2600
Thickness (m) 0.1500 Upper resistance limit (m2-Kfié) 0520
[ Bridged? Lower resistance limit (m2-KAY) 0520

1 | | U-Yalue sudace to suface (Wima-K) 2630
SyMaterial Cement/plasterfmontar - cement plaster Rralue (m2-KA) 0520
Thickness im) 0.0250 j U-Value (W/m2-K) 1.922

Image 5.6.7a: Intermediate floor construction




5.6.8. LIGHTING

For the lighting template, LED fixtures were used with a Normalized Power Density ranging
from 10 W/m? to 100 lux. The Luminaire Type selected is "Surface mount," as the lighting fixtures
are surface-mounted. The Radiant Fraction is set to 0.4, which defines the portion of lighting
energy converted into radiant heat. The Visible Fraction is set to 0.2, indicating the portion of
energy that is visible light. The lighting control system is set to on (enabled). The Control Type is

1-Linear, which corresponds to a basic switch.

e Min Output Fraction: 0.1
e  Min Input Power Fraction: 0.1
e Maximum Allowable Glare Index: 22
e View Angle Relative to Y-Axis: 0°
Task and display lighting are enabled (on). The Power Density is set to 0.5 W/m?, as LEDs

are more energy-efficient. In the activity settings, the target illumination is defined as 400 lux.

oot | Openge | Ut | HUAC | Gerren | taceareos |0 I
(e LomnaTempie

i Template LED
& Ganeral Lighting
& On
Normalised power density (W/m2-100 lux)  10.0000
ft§ Schedule Cfice_OpeniDf_Light
Luminaire type 2-Surface mount
Radiant fraction 04
Wigible fraction 018
srvedtive fradtio 0.420
On
‘Warking plane height (m) 0.80
Control type 1-Linear
Min output fraction 0100
Min 1niutpawerfrn|:ﬁun 0100

Meximum allowakble glare index 220
Wigw angle rel 10 y-axis 0o

Lighting Area 2
= Task and Display Lighting

[ On

Powear density (W/m2) 05

iv] Haotel_Circulation_Light
Oon

Target llluminance {lux) 400
Default display lighting density (W/fm2) u

Image 5.6.8a: Lighting Template




In the living room, which is a large space, an additional smaller lamp was installed to
supplement the main lighting. Therefore, a second light fixture was added with a target illuminance

of 150 lux.

5.6.9. HVAC SYSTEM

In the HVAC tab, the specifications for each zone were configured individually. In all spaces

equipped with cooling/heating systems, the following components were installed:

e Fan Coil Unit
e Air-Cooled Chiller

A custom operation schedule was set for each zone.
e For example, the Hotel Toilet schedule was applied to bathrooms,
o The Hotel Bed schedule was used for bedrooms,
e And similar schedules were set for all other rooms of the building.
All units operate using electrical energy.
For domestic hot water (DHW), a centralized system was defined to serve the entire building.

Additionally, in all rooms with windows, natural ventilation was implemented.
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GROUNFLOOR,

teucson | psnis | Lpting | FVAC | Micaneccn | CFD |

* HWAL Temp 3|

Ligting | HVAC | Macelaneous | CFD

emplate Fan Cail Unit (4Fipe). Air cooled Chiller
@on R v -
e A s Ciape bt e : e
operstion ... Scheduls Hotel_Fiaception_Ooe
{3 Schedul Horel_Toilet_Dee . .

Pump etc ensrgy (Wim2) 0.0000

v, Al B
Fumg etc energy (WimZ) 0.0000 Schedule Hofel_Reception_Occ
Schedule Hotel_Toilet_Occ _
[ Heated
O Heated Fuel 1-Elactricity from grid =
q 2.300

O Cooled

Project DHW
AHnstantanecus hotwater anky )
2.3000

T-Electricity from grid

1-Electicity from grid
2.300

Dedivary temparature ['C) 6500 Hotsl_Reception_Cool

Maing swﬁ uminrwniﬁ 10.00
Esmsduls Hoftel_Toilet_Occ

O0n

m}

C Template L
T yrplsle ¥ emplate Fan Cail Unit (4-Fipa). Air cooled Chiller
fenoies iosas T ———

Cutside air definition methad 4-Min frash air (Sum per persan + per arsa) -

({4 Schedule Hotel_Bed_Occ
i

#Min frach air (Sum per parson + per area)

Pump et energy (¥/mz) 0000
Fump sic anery (Wim2) 00000 Esmww Hotel_Bed_Occ
(i Schedule Hotel_Bath_Occ Bl Hented
e Fuel 1-Eleciricity from grid -

[ Heofed Heatin m seasonal CoP 2.300

DHW Ternplate ct DHY
'I?‘ & :::u!unems hotwater anly = FEiCooling system Catally
wwe Fuel 1-Elecicity from grid -
DHW CoP 23000 Cooling syst 2.300
Fuel 1-Eleciricdy from grid €
Delivery temperature (2] 5.00 Hotel_Bed_Cool
Mains supphy temparature 1000 Contro
Esdmdule Hotel_Bath_Oce

Oon

Image 5.6.8a: HVAC specification




5.6.10. FINAL VISUALIZATION OF THE BUILDING

Image 5.6.10a: Building from Design Builder

Image 5.6.10b: South and north elevation

Image 5.6.10c: East and west elevation
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5.7. DAYLIGHT SIMULATION

In the DesignBuilder software, we carried out a daylight simulation for the building under
study, selecting four representative dates of the year: December 21st, March 21st, June 21st, and
September 21st. The simulations were performed at four times of the day, at 09:00, 12:00, 15:00,
and 18:00 in order to capture the variation in natural lighting intensity throughout the day and to
evaluate the lighting performance in the various spaces of the building, as shown in the

corresponding Table 5.7a, with the maximum illuminance values.

The unit of measurement used was lux, which is the standard unit of illuminance in the
International System of Units (SI). For the evaluation of the results, we set acceptable limits for
natural lighting intensity between 300 and 3000 lux, in accordance with established specifications

for comfort and sufficient lighting conditions in indoor spaces.

The aim of the analysis was to capture the variation in natural illuminance as a function of

both time of day and season.

From the data analysis, it is evident that the maximum illuminance generally occurs around
midday (12:00), with the highest value recorded on March 21st. In contrast, on December 21st,
when the day is shorter, the values remain lower. On the same day, at 18:00, the illuminance drops

to zero, indicating that sunset occurs before that time.
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NATURAL LIGHTING SIMULATION

Date/Time Max illuminance Lux
21 December 9:00 23849.,62
21 December 12:00 39323,49
21 December 15:00 12811,08
21 December 18:00 0,00
21 March 9:00 42431,81
21 March 12:00 62936,54
21 March 15:00 30053,90
21 March 18:00 807,72
21 June 9:00 2966,33
21 June 12:00 29505,70
21 June 15:00 40205,69
21 June 18:00 5770,04
21 September 9:00 45921,73
21 September 12:00 63559,86
21 September 15:00 28208,52
21 September 18:00 632,85
Table 5.7a: Max illuminance
Max illuminance Lux
70000.00 62936.54
60000.00
50000.00 39323.49 42431.81 40205.69
40000.00 30053.90 29505.70
30000.00 23849.62
20000.00 I 12811.08 I I
10000.00 2966.33 5770.04
0.00 . 00 SEZ -
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Graph 5.7a: Comparison of Maximum Illuminance Values by Month
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As shown in the Image 5.7a, the ground floor receives the highest amount of natural light.
This phenomenon is attributed to the presence of large glazed surfaces and openings on the fagades
of the ground floor, which allow sunlight to enter the interior. As a result, the indoor spaces on the
ground floor benefit more from natural lighting, a fact reflected in the higher values observed on

the illuminance scale.

26491 31790 37088 42387 47685

Table 5.7a: Natural Lighting Simulation

5.8. SUN PATH DIAGRAM

In the Image 5.8a, the sun path diagram is shown, illustrating the position of the sun in the
sky throughout the day. More specifically, the angular positions of the sun at 09:00, 12:00, 15:00,
and 18:00 are depicted, allowing us to analyze the effects of solar radiation and shading on the
building. Through the three-dimensional representation, the shadows cast by the building's
envelope and architectural elements are clearly visible, directly affecting the distribution of natural

light within the interior spaces.
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Image 5.8a: Sun Path Diagram




5.9. SIMULATION - DESIGN BUILDER

Below is the diagram showing the temperatures, heating/cooling loads, and ventilation for
the entire building throughout the year.

Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
1 Jan - 31 Dec, Daily

m— Room Electncty 3 Lighling s Healng (Electicty) emmmmm Cooling (Electncty

P

e

| —Aiech Vem + Mat vent + Infaraton

20
H
F 15
2 Mon, 25 Sep 2023- End OST
2023 Feb Mar Oct Now Dec
Jan 2023
N e [visusine | Hestrng desin | Cotng desgn | Smmtion [ cFD | Daighting | Comt ardt Catoom

Diagram 5.9a: Diagram Annual analysis of temperatures, thermal loads, and ventilation of the entire building




Explanation of the Simulation Graphs:

o First Graph: Temperature (°C) vs. Time

This graph displays both indoor and outdoor temperatures over time. It includes:

o

Air temperature
Radiant temperature
Operative (or comfort) temperature

External temperature
The external temperature shows greater fluctuation, while the internal temperature

remains more stable due to the building’s construction.

e Second Graph: Thermal Gains & Balance (kWh) vs. Time

This graph shows:

@)

o

External air infiltration
Outdoor ventilation
Solar gains through windows

Heating and cooling loads per zone

e Third Graph: Cooling & Heating System (kWh) vs. Time

This graph includes:

o

Sensible cooling
Total cooling

Zone heating

Noticeable cooling loads occur in spring and summer, while heating loads peak in
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autumn and winter. This is mainly due to the lack of insulation and increased

thermal and cooling loads associated with it.

e Fourth Graph: Ventilation — Total Fresh Air (air changes per hour, ac/h)
This graph shows:

o Mechanical ventilation
o Natural ventilation

o Air infiltration

There is an increase in natural ventilation during the warmer months.

@)

5.10. CONSUMPTION ANALYSIS

Below is the "Site and Source Energy" output from DesignBuilder, which presents the total
energy consumption of the building.

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Table 5.10a: Building energy consumption

The Total Site Energy amounts to 324,507.87 kWh, representing the energy consumed
within the building. The Net Site Energy has the same value, indicating that there is no renewable

energy production reducing the final consumption.

Furthermore, the Total Source Energy is 581,012.90 kWh, reflecting the actual energy
required to meet the building’s energy demands. The Net Source Energy remains the same due to

the absence of any renewable energy sources.

Below is the distribution of the building’s energy consumption, breaking down the final
energy uses. The table includes energy sources such as electricity and natural gas, along with

consumption for cooling, heating, and domestic hot water.
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End Uses

Electricity ~ Natural Gas  Gasoline Diesel Coal FuelOiiNo1 FuelOilNo2  Propane Otherfuell  Otherfuel2  District Cooling  District Heating  Water
[kwh] [kwh] [kwh]  [kWh]  [kwh] [kwh] [kWh] [kWh) [kwh] [kwh] [kWh] [kwh] [m3]

Table 5.10b: Building energy consumption by end use

The main energy source for the building is electricity, with total consumption of 48,739.74
kWh for heating and 221,877.65 kWh for cooling. The electricity consumed by the internal lighting
amounts to 52,988.86 kWh. Finally, the domestic hot water consumption is 901.61 kWh.

Next, the electrical energy consumptions derived from the simulation carried out using the
DesignBuilder software are presented. The values refer both to the total consumption and to the

consumption specifically related to the building’s heating and cooling.

In a subsequent stage, a comparison will be made between the total consumption recorded
by the Electricity Authority (AHK) and that obtained from the software simulation, in order to

evaluate the accuracy of the simulation.




FROM DESIGN BUILDER COMPARISON

ELECTRICAL | ELECTRICAL TOTAL ELECOTTIQ“IIG A | COMPARISON

MoNTH | CONSUMPTION | CONSUMPTION | ELECTRICAL | M-ECTRIEAL | oF MONTHLY

FOR HEATING | FOR COOLING | CONSUMPTION | COTPUEIPION | consumpTION

(KWh) (KWh) (KWh) KWi) (%)

Jan-24 17,458 4 70,426 38,515 -82.85%
Feb-24 13,001 18 60,417 41,110 -46.96%
Mar-24 8,045 101 43,694 31,575 -38.38%
Apr-24 1,258 3,971 22,734 25,743 11.69%
May-24 25 16,098 31,601 40,585 22.14%
Jun-24 0 35,727 51,759 55,003 6.05%
Jul-24 0 55,061 72,59 69,571 4.35%
Aug-24 0 58,383 76,677 65,714 116.68%
Sep-24 0 36,654 52,714 59,307 11.12%
Oct-24 38 11,795 27,082 52,500 48.41%
Nov-24 1,704 2,275 22,601 36,439 37.98%
Dec-24 10,546 49 52,629 32,216 -63.36%
TOTAL 48,740 221,878 581,013 548,368 -5.95%

Table 5.10c: Consumption from Design Builder

According to the above table, we observe a deviation between the values produced by the

software and the actual consumption values recorded by the Electricity Authority (AHK). This

deviation is expected, as the program cannot capture with absolute accuracy the real energy

consumption of a building.

presented.

—

Next, the graphical representation and the energy balance with the three processes will be




ELECTRICAL CONSUMTPION (KWh)

ELECTRICAL CONSUMPTION FOR EXISTING BUILDING
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Graph 5.10a: Electrical Consumption for existing building
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ENERGY BALANCE ELECTRICAL ENERGY

OEPMANZH
8.39%

Graph 5.10b: Energy balance Electrical energy

In winter (December, January, February), the outdoor temperature is low (around 0-12°C),
resulting in increased heating use, while cooling and natural ventilation remain low. The low
temperatures and reduced solar radiation increase heat losses and heating demands of the building.

Natural ventilation is limited to avoid heat loss.

In spring (March, April, May), the temperature rises reaching approximately 16-21°C,
reducing the need for heating, while solar gains and ventilation increase. Heating rises due to solar

radiation provided by longer days.

In summer (June, July, August), the outdoor temperature reaches its highest points, around
25-40°C, increasing the thermal loads entering the building, with the need for cooling dramatically

increasing due to the increased solar gains.




In autumn (September, October, November), the temperature begins to decrease again, with
cooling gradually reducing, while heating demand also gradually increases close to November.

Ventilation is limited as temperatures drop and windows remain mostly closed.

According to the energy balance, cooling accounts for 38.19% of the total electrical

consumption, while heating accounts for 8.39%.

Based on the above data, the following conclusions arise:
High electricity consumption during the summer and winter periods is mainly attributed to the use
of energy-intensive cooling systems. During the winter, consumption is relatively lower, which is

explained by the reduced use of air conditioners for heating.

Factors worsening energy consumption include the absence of insulation in the building
envelope and the use of window frames without thermal breaks. Additionally, insufficient
maintenance of cooling and heating systems leads to reduced efficiency and, consequently,

increased energy consumption.

The lack of shading on openings (windows, balcony doors) intensifies the thermal load
during the summer months, increasing the use of cooling systems. Finally, according to the
questionnaire findings, users do not make use of natural ventilation, which leads to greater

dependence on air conditioning and reflects low energy awareness.




CHAPTER 6: QUESTIONNAIRE

6.1. QUESTIONNAIRE

During the Integrated Design I project, a questionnaire was provided in collaboration with
the hotel's management, which was answered by the hotel staff. This questionnaire was based on
the thermal comfort experienced by the employees during their work at the building. Based on the

results presented below, we evaluated and determined the changes that we will propose.

The questionnaire given to the employees of Semeli Hotel is presented in Appendix II.

6.2. RESULTS OF THE QUESTIONNAIRE

The results of the questionnaire distributed to the hotel staff are presented below. The
questionnaire was completed by 25 participants, and the results include the evaluation of
satisfaction with the heating/cooling system and the measures employees take to improve their

working environment.

> QUESTION 1

1. DOAC:

=
32

28%
& AvSpog 17

® Mook

® Ao 1
68%

This question concerns the gender of the participants. According to the answers, the majority

(68%) stated they are male, while 28% are female. A small percentage, only 4%, selected "Other".
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»> QUESTION 2

2. Hhkion

8% 8%

® Kétw tww 20 2 I

6%
® 20-29 "

@ 30-39 6
& 40-49 4 44%
® 50 kou dovw 2 249%

This question examines the age distribution of the participants. The age group of 20-29 years
forms the largest category, covering 44% of the responses, which suggests that most of the
participants are young adults. The second-largest group is the 30-39 years age group with 24%,
indicating the presence of a more mature professional team. The age categories of 40-49 years
follow with 16%, while those under 20 years and those 50 and older are tied at 8%, representing

the smallest groups. This distribution shows a general prevalence of younger age groups.
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> QUESTION 3

3. = molov Opopo EpyadsoTE:

21%

® looyawo 17

@ log Opopor 3
T% '

® 2oc Opowocg 2
& Other 6 “%\

This question concerns the floor where the participants work. The majority, 61%, work on
the ground floor, indicating that the ground floor accommodates the largest number of staff. 21%
said they work on "Other" floors, a category that includes different spaces like mezzanines or
multiple floors. The 1st floor accounts for 11%, while 7% work on the 2nd floor. This distribution

shows that work is mostly concentrated on the lower floors.
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> QUESTION 4

4, Nuwg oflohoysits T Beppokpooia OTO ¥WpOo EpYATiag OO KATA TOUS KOAOKApIvoUg UVES

A% 4%
@ lMod SvoopsoTnpsvog/n 1 24%
& AvoopeoTnpévog’n 12
® COudetepog/n 5
48%
@ |kovomounpEvosn ]
@ oM wovomounpévog/n 1
MEVDLS 20%

This question examines employee satisfaction with the temperature in their workplace during
the summer months, a period where climatic conditions demand effective cooling system
operation. According to the results, dissatisfaction is widespread, as 48% of participants report
being dissatisfied, indicating that the temperature in the space does not meet their needs
sufficiently. Issues may relate to weak cooling, uneven distribution of air conditioning, or
insufficient  system adjustment options, leading to  widespread dissatisfaction.
20% of employees report being neutral, which could mean they either do not experience significant

discomfort or do not feel particularly satisfied with the current state.

On the other hand, 24% of participants express satisfaction with the temperature, which is a
relatively low percentage, emphasizing the need for improvement. The extreme ends of the scale
are extremely low, with only 4% reporting being very dissatisfied and 4% very satisfied. This
indicates that extreme experiences, either positive or negative, are limited, while the majority are

in a neutral or negative situation.

Overall, the results show that temperature in the workplace during the summer months is a
significant issue for many employees. The majority of dissatisfied and neutral responses reveal

that the existing conditions clearly need improvement.




> QUESTION S

5. Musg Bo BEAaTs val sivan 1 BEplokpadial OTO ¥WPOC EPYACIOS Tog KUTA TOUG KOACOKOLpIVOUG PVES

24%
® Wnhotzpn Bzppokpacia (Mo {z0ToC 0 Ywpog) 0
® Xwpig ahhoyr 6
® Xopnhotepn Seppokposio 19

76%

This question concerns employee preferences for temperature in the workplace during the
summer months. According to the responses, 76% of participants (19 people) stated that they
would prefer a lower temperature, indicating that the workspace is likely quite hot. 24% (6 people)
prefer "no change," suggesting they are satisfied with the current state. None of the participants

reported preferring a higher temperature.

These results show that for the vast majority of employees, temperature during the summer
is a source of discomfort, and there is a need for better cooling management in the workspace to

meet the majority's needs.




> QUESTION 6

6. NMwg cfiohoysite Tn Beppokpadic OTO ¥WPo EQYACIQS OO KATX TOUC XEIHEPIWVOUEG UIVES

4% 4%

\ |}
@ [Moi dvoopzotnpévoc/n 1
® JvoopeoTnpsvogin 5 32%
& Ouditepog/n 10
@ |kovomounpEvoc/n &
® [Mohd wovomompévog/n 1

40%

This question evaluates the temperature in the workplace during the winter months. The
largest percentage of participants (40%) reported being satisfied, indicating that, generally, heating
or temperature regulation is adequate for many. 32% were neutral, showing neither satisfaction
nor dissatisfaction, which may reflect small issues or a lack of priority on this matter. A smaller
percentage (20%) reported being dissatisfied, while the extreme responses are low, with 4% very

dissatisfied and 4% very satisfied.

Overall, the picture is more positive compared to the summer months, but there is still room

for improvement to ensure comfort in the workplace during winter.




> QUESTION 7

7. Nuwg Ba Behars va eivon n BeppoKkpadia oTo ¥Wpog EpYaoiog oog KOTA TOUG XEIREPIVOUG PNVES

4%

® Wnhotepn Bzppokpacic (mo {zoTog o ywpog) 12

@ Xwpig ahhoyn 12 48%

48%
@ Xopnhotepn Beppokpacic 1

This question concerns employee preferences for temperature in the workplace during the
winter months and provides interesting results. Specifically, 48% of participants (12 people)
expressed a desire for higher temperatures, indicating that a significant number of employees find
the winter temperature insufficient and feel the need for better heating. This preference may relate

to personal comfort needs, workspaces in colder areas, or insufficient heating system performance.

Simultaneously, an equal percentage (48%) of employees (12 people) stated that they do not
want any change in temperature, indicating they are satisfied with the current situation. This group
shows that for many employees, the heating system meets their expectations and provides a

suitable working temperature.




> QUESTION 8

8. NapaTnpeite ouyveg ahaysg oTn SEpUOKpOTIc TOU XWPOU O0G KOTA TN SIEPKELT TG NUEPOS

24%
@ Moy, ouyva 9 36%
® Mezpikig popég 10
® Imovix [
® Motz 0

40%

This question examines how often employees notice changes in the temperature of their
workspace during the day. According to the answers, 40% of participants (10 people) report
noticing changes "sometimes," while 36% (9 people) say these changes occur "often." A smaller
percentage, 24% (6 people), noted that they notice changes "rarely." No participants reported that

temperature changes never occur.

These data suggest that temperature instability throughout the day is a common phenomenon
for most employees, with only a small portion noticing it rarely. This likely affects comfort and

concentration, highlighting the need for a more stable temperature control system.




> QUESTIONY9

9. MNolo ammo Ta MapaKATW TIPOKaAEL TN HEyoAUTERN Sudpopia oToV ¥Wwpo gog (UTMopEITE vor EMASEETE TIAVLW OO pict EMACYEC);

-
&

To cuoTnua KMpPaTopos Sev avTomokKpIvETCL

. 12 20%
OWOTH

) 43%
Avopoldpopipn Seppokpagic

[==]

AveTaprnc azplopog

e & @& @

Cther 1

25%

The results show that the main cause of discomfort in the workplace is the inadequate
response of the air conditioning system, reported by 43% of employees. This percentage highlights
the central issue that employees face, possibly due to a system that cannot meet the space's needs
or is not functioning correctly. The system's inability to maintain a stable and appropriate

temperature may negatively affect productivity and employee well-being.

Temperature unevenness, reported by 25% of participants, is also a significant problem. This
could indicate temperature differences between different parts of the workspace, resulting in some
employees feeling discomfort due to excessive heat or cold. This unevenness often causes

complaints, as the needs of all employees are not met in a uniform manner.

Additionally, inadequate ventilation, reported by 29% of employees, exacerbates the
situation. The lack of fresh air may cause a feeling of suffocation or create an unpleasant working

environment, affecting both physical comfort and concentration.

Only 4% of respondents referred to other factors, suggesting that the three main causes—
insufficient air conditioning, temperature unevenness, and inadequate ventilation—are the primary
sources of discomfort in the workplace. Overall, the results indicate the need for improvements in
the air conditioning system to stabilize temperatures, improve air circulation, and ensure a more

uniform environment for employees.




> QUESTION 10

10. Nowx petpa ouvnBwe TaipveTe yia vo PEATIWOETE To TIEpIfaAioV OTOV XWpo OO

4%
® PubBpilw To oboTnpo KAPOTISPOG 13
® Avoiyw/kizivio mapaBupa 1
. , , .. 44% 52%
@ Xpnowyomows avepioTNpeg 1] SEpUOVTIKG TuwpoTo 1
@ Other 0

Question 10 examines the measures that employees take to improve their environment. 52%
of participants stated that they adjust the air conditioning system, while 44% prefer to open or
close windows. Only a small percentage, 4%, use fans or heaters, and none of the respondents
reported taking other actions. The choice of these immediate solutions suggests that employees are

trying to counteract potential problems or inefficiencies in the heating/cooling system they have.

> QUESTION 11

11, Nevikd, THT0 IKaVOTIOINUEVOS/ N SI0TE WE TO CUCTNHA BEpuovong/WiEng Tow Lupou oo

4%

16% \ |
@ [Nohd Svoopeotnuavogn a
® Avoapeotnpivog/n g
® Oudsrepog/n 11
@ |kavomoinpévoc/n 4
® [ohd wovomomnpevos/n 1

44%

This question concerns the general satisfaction of respondents with the heating/cooling
system in their workspace. The results show that 36% of participants reported being dissatisfied,
while 44% were neutral. A smaller percentage, 16%, reported being satisfied, and only 4% (1

person) stated they were very satisfied

36%



CHAPTER 7: PROPOSALS — SOLUTIONS FOR
THE ENERGY UPGRADE OF THE BUILDING

The energy upgrade of the building constitutes one of the most important steps toward
reducing the carbon footprint and achieving the goal of a nearly zero-energy building. For this
reason, it was decided to improve the building’s energy performance through interventions in the
building envelope as well as by replacing energy-intensive equipment with more energy-efficient

solutions and low greenhouse gas emission systems.

The existing building is characterized as highly energy-consuming, as the windows are
single-glazed and the masonry lacks external insulation. This results in the inability to maintain
the desired indoor temperature. Additionally, the absence of insulation leads to increased operation
of the cooling units and the boiler, which in turn causes higher consumption of electrical and

thermal energy and, simultaneously, increased carbon dioxide emissions into the atmosphere.

It is also worth noting that the low efficiency of the chillers and boilers limits the system’s

ability to effectively heat or cool the interior space.

This chapter proposes appropriate solutions to improve the building’s thermal and cooling

performance, aiming to reduce primary energy consumption and carbon dioxide emissions.
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7.1 EXTERNAL WALL INSULATION

Initially, the first proposed solution concerns the insulation of the external masonry, which
significantly contributes to the improvement of the building’s energy performance for both heating

and cooling.

For the study, an insulation thickness of 80 mm was selected, deemed sufficient for
effectively maintaining the thermal conditions inside the building. It is worth mentioning that tests
were also carried out for thicker insulation layers; however, no significant improvements in energy
performance were observed that would justify the increased cost. Consequently, the 80 mm

thickness was chosen, offering a balance between performance and cost-effectiveness.

It is important to note that external insulation was selected instead of internal insulation. The
main reason is to avoid thermal bridges and condensation of water vapor on the inner surface of

the walls—phenomena that worsen the energy behavior and structural integrity of the building.

The insulation material used was extruded polystyrene (XPS), chosen for the following

advantages:
o High resistance to moisture
e Durability against corrosion
o Ability to withstand mechanical pressure and compression

Moreover, extruded polystyrene demonstrates stable thermal performance over time and

high resistance to weather variations, making it suitable for external applications.

Below is a table presenting the new thermal transmittance coefficient (U-value) of the

external walls after the addition of insulation.
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Construction description External Wall
. Material Thermg I. Th_ermal Typical
A/A Name of Material Thi Conductivity | Resistance :
ickness . : Design
d (m) Material of Mazterlal Detail
A (W/mK) | R (m*K/W)
Starting from the inside
1 Cement plaster 0.025 0.720 0.035
2 Brick 0.200 0.720 0.278
3 Glass Wool 0.080 0.040 2.000
4 Cement plaster 0.025 0.720 0.035
Heat Flow Horizontally Coefficient of
Thermal
Rsi (m2K/W) Conductivity U
0.130 (W/mZ2K)
Rse (m?K/W) 0.040 0.397
Notes:
The requirement of U<0.4 W/m?K as defined by the relevant decree is met

7.2 ROOF INSULATION OF THE BUILDING

The second proposed solution concerns the insulation of the roof, which significantly
contributes to improving the building’s energy performance during both heating and cooling. Roof

insulation is one of the most important factors for maintaining the desired indoor temperature.

For the study, an insulation thickness of 80 mm was selected, as it was considered sufficient
for effectively maintaining the thermal conditions. It is worth noting that thicker insulation layers
were also examined, but no significant differences in energy performance were observed that
would justify the increased cost. Therefore, the 80 mm thickness was chosen, ensuring an excellent

balance between performance and economic viability.

Extruded polystyrene (XPS) was used as the insulation material for the same reasons

mentioned in the previous analysis: high resistance to moisture, corrosion, and mechanical stresses.

]
102 |

—



after the addition of the insulation.

Below is a table presenting the new thermal transmittance coefficient (U-value) of the roof

Construction description Roof
: Material Therm.al. Thgrmal Typical
A/A Name of Material . Conductivity | Resistance :
Thickness . . Design
d (m) Material of Mazlterlal Detail
A (W/mK) R (m#K/W)
Starting from the inside
1 | Roofing Felt 0.002 0.190 0.011
2 | Cement screed 0.050 1.400 0.036
3 | Aerated Concrete Slab 0.200 0.160 1.250
4 | Glass Wool 0.080 0.040 2.000
5 | Cement plaster 0.025 0.720 0.035
Heat Flow Downwards Coefficient of
Thermal
Rsi (m2K/W) Conductivity U
0.100 (W/mZ2K)
Rse (m?K/W) 0.040 0.288
Notes:

The requirement of U<0.4 W/m?K as defined by the relevant decree is met
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7.3REPLACEMENT OF WINDOW FRAMES

One of the most significant factors affecting the heating and cooling of the building is the
window frames. In the present case, the existing frames, as indicated in the relevant data, are

double-glazed with a thermal transmittance coefficient (U-value) of approximately 4 W/m2K.

According to the requirements of the current Building Energy Performance Regulation
(B.E.P.R.), these frames are not considered energy efficient. Moreover, they contribute to
significant heat losses during the winter period and cooling losses during the summer, which

increases energy consumption needed to maintain comfortable indoor conditions.

For the above reasons, it is proposed to replace the old frames with new, more energy-

efficient frames, which will feature:

Low-emissivity (Low-E) glass panes

Multiple glazing layers (double or triple glazing)

Frames with thermal breaks

Improved thermal transmittance coefficient (U-value)

By replacing the window frames, a significant reduction in heat losses and gains is expected,
improving the building’s energy performance, upgrading the level of thermal comfort, reducing

heating and cooling demands, and consequently lowering operational costs.

Below are the characteristics of the new window frames:
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7.4 REPLACEMENT OF AC

The air conditioning units currently used in the hotel are considered highly energy-
consuming, as confirmed by their low energy efficiency coefficients — COP (Coefficient of

Performance) and EER (Energy Efficiency Ratio).

Therefore, it is proposed to replace them with new, modern air conditioning systems,

specifically heat pumps, which are significantly more efficient and less energy-intensive.

According to the conducted study and research, the new heat pump systems to be installed

will have:

e Energy Efficiency Ratio (EER) = 3.15 for cooling operation

e Coefficient of Performance (COP) = 3.15 for heating operation

This choice will contribute to a drastic reduction in the hotel's energy consumption while
simultaneously improving the thermal comfort level for guests. Additionally, this upgrade will

enhance the building’s overall energy class and achieve significant reductions in operational costs.
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Image 7.4a. Heat Pump
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7.5 INSTALLATION OF A 60.32 kWp PV SYSTEM

By installing a photovoltaic system with a capacity of 60.32 kWp using the Net Billing
method, the business will be able to save the electrical energy it currently purchases from the

Electricity Authority (EAC), significantly reducing its operating costs.

To evaluate the proposed solution, a simulation was conducted using SolarEdge software,
which shows the exact layout of the photovoltaic panels on the building’s roof. The related

visualization is included in the following image.

Image 7.5a. Photovoltaic System of the roof

The installation will include 104 monocrystalline photovoltaic panels, each with a power
rating of 580 W, and two inverters for proper management and conversion of the generated energy.
Fifty-three panels will be installed at a 26-degree tilt, while the remaining 51 will be positioned at
an 11-degree tilt.

The system’s performance ratio is 1.751 kWh/kWp, corresponding to a net energy
production of 105,620 kWh during the first year of operation.

Considering a performance loss of 2% during the first year and 0.55% for each subsequent
year, the estimated average annual energy production over the next 25 years will be approximately

97,553 kWh.
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CHAPTER 8: DESIGN BUILDER OF THE
UPGRADED BUILDING

During the building upgrade, insulation was installed on the external walls as well as on the
roof. Additionally, the existing frames and glazing were replaced, and oil boilers were installed

for heating.

Below are the changes as implemented in the software:

8.1EXTERNAL WALL INSULATION

MW Glass Wool insulation with a thickness of 8§ cm was applied to the external walls.

The upgraded external wall consists of four distinct layers, each made of different materials

and thicknesses. The detailed composition of the wall includes:

1. External Layer:
« Material: Cement/plaster/mortar — cement plaster
o Thickness: 0.025 m
2. Second Layer:
« Material: Brick
o Thickness: 0.200 m
3. Third Layer:
« Material: MW Glass Wool insulation
o Thickness: 0.08 m
4. Internal Layer:
« Material: Cement/plaster/mortar — cement plaster

o Thickness: 0.200 m
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FRadiative heat transfer coefiicient (W/m2-K) 5.540
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Ivalue surface to surface (w/m2-K) 0.426
Rvalue (m2-Kiv) 2517
U-Value (W{m2-K) 0.397

With Bndging (BS EN IS 4b)

Thickness (m) 0.3300
Km - Intemal heat capacity (KJ/m2-K) 37.7160
Upper resistance limit (m2-KAW) 2517
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Image 8.1a. External wall construction

—

]
11 |




8.2 ROOF INSULATION

MW Glass Wool insulation with a thickness of 8 cm was installed on the roof.

The upgraded roof consists of five distinct layers, each made of different materials and

thicknesses. The detailed composition of the roof includes:

1. External Layer:
o Material: Roofing Felt
o Thickness: 0.002 m
2. Second Layer:
o Material: Cement/plaster/mortar — cement screed
o Thickness: 0.05 m
3. Third Layer:
o Material: Aerated Concrete Slab
o Thickness: 0.2 m
4. Fourth Layer:
o Material: MW Glass Wool insulation
o Thickness: 0.08 m
5. Internal Layer:
o Material: Cement/plaster/mortar — cement plaster

o Thickness: 0.025 m
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Image 8.2a: Roof construction




8.3 WINDOWS AND FRAMES

Replacement of the existing glazing with double-glazed units of type 4 — 16 — 4, featuring

an air gap and reflective coating, but without additional protective layers. Replacement with frames

featuring reduced heat losses and improved performance.

[ Glazing Template

GpTemplate
m External Windows

(f1Glazing type
|fiLayout

Double glazing. reflective, clear, no shading

4-16-4mm
Preferred height 1.5m, 30% glazed

Loy Calculated

General ¥

MName ’4—16—4mm—|
Description

Source EnergyFlus dataset

[ Category Double -
g Fegion General

EI Colour

Definition method

Diefinition method 1-Material layers -

MNurnber layers 2 M
Outermost pane

[OFanetype Generic Low-E 4rmm glass

[ Flip laye

AlRTERMM

[OFanetype Generic Low-E drmm glass
O Flip layer

Radiance Daylighting

Calculater lues
Total solar transmission (SHGC)
Direct solar transmission

“isible transmittance

=value (150102924 EMN 673 (v 2-K)
U-Yalue (Wfm2-K)

Image 8.3a: Window specifications
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8.4 SIMULATION - DESIGN BUILDER

Below is the diagram showing the temperatures, heating/cooling loads, and ventilation for the

entire building throughout the year, after the building’s upgrade.

Temperatures, Heat Gains and Energy Consumption - Untitied, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily Student

— Room Elecinclty c—— Lighting meess Healing (Eleciricly) e Cooling (Eleciricty)

400 -
300
200 |
100

i

j— A Temperatise s Aadan Temperalire e Opersive Temperature  ssssss Outside Dry-Bui Temperature

. e i i M
E’?O‘u-w- ——— er
i .U_MV\)W

j—— Exiermnal INfraton emss Exemal Ven! wmmmm General Lighting  essss Compuler + Equip  s===m Occupancy =——= Solir Gams Extenor Windows s Zone Sensole Heating
j— 7one Sensible Cooling

500
I e e S R
i -500 |
H

b o

jonmmms Sensibie '_'OGM"'; — 0] i:DGﬁD; — ) Heanng
0 SR AR~ AT
500
1000

jo Mech Veni + Nat Vent + infillration

175
o WMM%
; 125 -
E 100 ho oMM AR 2023 St DST Man, 25 Sep 2023- End DST
2023 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Jan 2023 Day

[ [ Ve | g dengn | Cookog dewen | stmon [ €70 [ coporen | Cout s Cacor

Diagram 8.4a: Diagram Annual analysis of temperatures, thermal loads, and ventilation of the entire building

Next, the consumption table of the upgraded building is presented.




Aug-24 0 41,528 62,687
Sep-24 0 27,710 47,438
Oct-24 20 11,905 31,443
Nov-24 228 3,875 23,143
Dec-24 1,796 631 25917
TOTAL 7,352 164,674 372,262

Table 8.4a. Consumption from Design Builder

During winter (December, January, February), the outside temperature is low (around 0—
12°C), resulting in heating usage at reduced levels due to the insulation, while cooling and natural
ventilation remain at even lower levels. Because of the insulation and the new windows—frames,
thermal losses and the building’s heating demands decrease. Natural ventilation is limited to avoid

heat loss.

In spring (March, April, May), the temperature rises to about 16-21°C, further reducing

heating needs, while solar gains and ventilation increase.

In summer (June, July, August), outside temperatures reach their highest points, around 25—
40°C, increasing thermal loads entering the building, with cooling needs rising but remaining much

lower thanks to the insulation and the installed windows.

In autumn (September, October, November), the temperature starts to fall again, cooling
needs gradually decrease, while heating needs increase but not significantly in November.

Ventilation is reduced as temperatures drop and windows remain mostly closed.
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8.5 CONSUMPTION ANALYSIS

Below is the "Site and Source Energy" from DesignBuilder, which presents the total energy

consumption of the building.

Site and Source Energy

Total Energy [kWh] Energy Per Total Building Area [kWh/m2] Energy Per Conditioned Building Area [kWh/m2]

Total Site Energy 226250.60 115.135 115.28
Net Ske Energy 226290.60 115.15 115.28
Total Source Energy 372262.38 159,43 189.64
Hat Source Energy 372262.38 189.43 189.64

Table 8.5a: Building energy consumption
The Total Source Energy is 372,262.38 kWh, which represents the actual energy required to
meet the building’s energy needs. It is evident that due to the changes made to the building, there
is a significant decrease in the building’s overall energy consumption. Below is the breakdown of
the building’s energy consumption, analyzing the final energy uses. The table includes energy

sources such as electricity, natural gas, as well as consumption for cooling, heating, and domestic

hot water.
End Uses
Electricity Natural Gas Gasoline Diesel Coal Fuel Oil No 1 Fuel Ol No 2 Propane Other Fuel 1 Other Fuel 2 District Cooling District Heating Water
[kwh] [kwh] [kWh] [kwh] [kWh] [kWh] [kwh] [kwh] [kwh] [kWh] [kwh] [kwh] [m3]
ing 0.0 00 0.00 .00 0.00 0.0 0,00 .00 ) ( 7352.00
Lighting
Pumps ) ) 00
0.00 0
Total End Uses 54264.74 0.0 ),00 7352

Note: District heat appears to be the prncpal heating source based on energy usage.

Table 8.5b: Building energy consumption by end use
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The main energy source in the building is electricity. The total consumption for heating is
7,352.00 kWh and for cooling is 164,673.85 kWh. The electrical energy consumed by the interior
lighting amounts to 52,199.26 kWh.
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CHAPTER 9: COMPARISON EXISTING WITH
UPGRADED BUILDING

The following section presents the table and several diagrams that illustrate the results of the
energy upgrades to the building, prior to the installation of the photovoltaic system. As observed
in the diagrams below, there is a significant reduction in energy consumption for heating and

cooling following the implementation of the energy efficiency interventions.

This is due to the fact that the upgrades make the building less energy-intensive, resulting in
optimized energy performance. Specifically, the energy savings for heating reach the impressive
rate of 84.92%, while for cooling they amount to 25.78%. These figures highlight the particularly
positive impact of the interventions in reducing thermal losses and improving indoor temperature

management.

Furthermore, the energy upgrade of the building also leads to a reduction in indoor humidity,
which contributes to the improvement of indoor air quality and enhances occupant comfort. This
reduction in humidity is mainly attributed to the thermal insulation reinforcement of the building

elements, the reduction of thermal bridges, and the use of more efficient window systems.

Overall, these interventions offer multiple benefits, not only in terms of energy savings and

reduced operating costs but also in terms of improving living conditions within the building.
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Graph 9a. Heating & cooling difference for existing and upgrade building

53.89%
60,417 29,759 50.74%
43,694 24,902 43.01%
22,734 25,013 -10.02%
31,601 35,103 -11.08%
51,759 47,253 8.71%
72,596 60,273 16.97%
76,677 62,687 18.24%
52,714 47,438 10.01%
27,082 31,443 -16.10%
22,601 23,143 -2.40%

50.76%

Table 9b. Percentages for total consumption




According to the table above, a total energy saving of 35.93% is observed, resulting from
the implementation of targeted energy efficiency interventions in the building. This reduction is
particularly significant, as it plays a crucial role in lowering operating costs and improving the

building’s overall energy performance.

More specifically, in terms of heating, energy savings reach 84.92%, indicating a remarkable
reduction in thermal losses and improved insulation. This reduction is mainly due to the
reinforcement of the building envelope with insulating materials and the upgrade of window

systems, which effectively limit thermal bridges and heat losses.

Similarly, in the area of cooling, energy savings amount to 25.78%, which can be attributed
to improved shading and better thermal behavior of the external structural elements, as well as to
the reduction of overheating during the summer months. As a result, the building maintains more
stable and comfortable indoor temperatures, reducing the need for energy-intensive cooling

systems.

Overall, the energy savings across all sectors — heating, cooling, and other energy uses —
enhance the sustainability and energy autonomy of the building. At the same time, the reduction
of carbon dioxide emissions contributes to environmental protection, while the improvement of

indoor living conditions enhances the comfort and quality of life for the occupants.

The following table presents the total energy savings for each month after the installation of

the photovoltaic (PV) system.
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ELECTRICAL

ELECTRICAL

FINAL

CONSUMPTION | CONSUMPTION PVs C%Ifs%%gng
MONTH EXISTING UPGRADED PRODUCTION UPGRADED COMPARISON
BUILDING BUILDING (KWh)
(kWh) (kWh) BUILDING
(kWh)
Jan-24 70,426 27,472 5,100 27,372 61.13%
Feb-24 60,417 24,759 6,800 22,959 62.00%
Mar-24 43,694 19,902 9,000 15,902 63.61%
Apr-24 22,734 20,013 10,100 14,913 34.40%
May-24 31,601 30,103 11,750 23,353 26.10%
Jun-24 51,759 42,253 12,400 34,853 32.66%
Jul-24 72,596 55,273 11,500 48,773 32.82%
Aug-24 76,677 57,687 11,000 51,687 32.59%
Sep-24 52,714 42,438 9,500 37,938 28.03%
Oct-24 27,082 26,443 7,500 23,943 11.59%
Nov-24 22,601 18,143 6,000 17,143 24.15%
Dec-24 52,629 20,917 4,970 20,947 60.20%
TOTAL 581,013 372,262 105,620 266,642 54.11%

Table 9c. SAVINGS PERCENTAGES AFTER THE INSTALLATION OF RENEWABLE ENERGY SOURCES (RES)

The above data present the monthly electrical consumption of the existing and upgraded

building, as well as the energy production from photovoltaic (PV) systems, for the year 2024.

The total electrical consumption of the existing building for the year amounts to 581,013

kWh, whereas for the upgraded building it decreases to 372,262 kWh. Additionally, with the

installation of the photovoltaic system, 105,620 kWh are produced, resulting in a final net

consumption of 266,642 kWh. This translates to a total savings of 54.11%, confirming a significant

improvement in energy performance.

The energy upgrade of the building combined with the installation of the photovoltaic system

leads to a dramatic reduction in consumption. The greatest savings are observed during the winter

and transitional months. Investment in Renewable Energy Sources and energy efficiency

interventions proves to be economically and environmentally beneficial.

—
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CHAPTER 10: FEASIBILTIES AND
EVALUATIONS OF INVESTMENT PROJECTS

Subsequently, feasibilities studies were carried out in order to assess the viability and

profitability of the aforementioned investments. Each investment will be presented individually,
followed by a combination of selected investments. Finally, a comprehensive presentation of all

the investments combined will be provided.

10.1 Proposal 1 — Replacement of Air Conditioning Systems

The first investment proposal concerns the replacement of existing air conditioning systems
with new, high-efficiency units. The aim of this intervention is to significantly reduce electricity
consumption  and,  consequently, the  operational costs of the facility.
The feasibility analysis demonstrates particularly positive financial outcomes, with a simple
payback period of 3.16 years and an internal rate of return (IRR) of 31.07%. Furthermore, the net
present value (NPV) of the investment is estimated at €193,963, with a return on investment (ROI)
of 374% and a benefit-to-cost ratio (BCR) of 4.74. These indicators confirm the viability and high
profitability of the proposed investment.

PROPOSAL 1 — REPLACEMENT OF AIR CONDITIONING SYSTEMS

ESTIMATED COST (€) € 85,000
ELECTRICITY COST FOR 2024 (€/KWH) £0.271
ELECTRICITY SAVINGS (KWH) 99,173 kWh
COST SAVINGS (€) € 26,876
SIMPLE PAYBACK PERIOD 3.16
NET PRESENT VALUE (NPV) £193,963
INTERNAL RATE OF RETURN (IRR) 31.07%
RETURN OF INVESTMENT (ROI) 374%
BENEFIT TO COST RATIO (BCR) 4.74

Table 10.1 Replacement of air conditioning systems
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10.2 Proposal 2 — Replacement of Window Frames

The second investment proposal involves replacing window frames covering a total area of 546
m?, at an estimated cost of €350 per square meter, amounting to a total investment of €191,174.
Although the annual electricity savings are calculated at 20,959 kWh, the resulting cost reduction
amounts to only €5,680.

This leads to an extremely long payback period of 33.66 years and a negative net present value
(NPV) of -€120,388. The IRR, ROI, and BCR indicators cannot be calculated positively, which

indicates that this investment is not financially viable under current conditions.

PROPOSAL 2 - REPLACEMENT OF WINDOW FRAMES

SQUARE METERS OF WALL AREA 546
ESTIMATED COST PER SQUARE METER €350
ESTIMATED COST (€) €191,174
ELECTRICITY COST FOR 2024 (€/ KWH) €0.271
ELECTRICITY SAVINGS (KWH) 20,959 kWh
COST SAVINGS (€) €5,680
SIMPLE PAYBACK PERIOD 33.66
NET PRESENT VALUE (NPV) -€120,388
INTERNAL RATE OF RETURN (IRR) -
RETURN OF INVESTMENT (ROI) -
BENEFIT TO COST RATIO (BCR) -

Table 10.2 Replacement of Window Frames

10.3Proposal 3 — Roof Thermal Insulation Installation

The third investment proposal concerns the installation of thermal insulation on the roof,
covering a total area of 450 m? This intervention aims to significantly reduce electricity
consumption and, consequently, lower the operational costs of the facility.
The feasibility analysis reveals particularly encouraging financial results: the simple payback
period is estimated at 2.00 years, while the internal rate of return (IRR) reaches 49.87%.
Furthermore, the net present value (NPV) is calculated at €193,963, the return on investment (ROI)
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at 898%, and the benefit-to-cost ratio (BCR) at 9.98. These indicators confirm the viability and

high economic efficiency of this investment.

PROPOSAL 3 - ROOF THERMAL INSULATION INSTALLATION

SQUARE METERS OF WALL AREA 450
ESTIMATED COST PER SQUARE METER €100
ESTIMATED COST (€) € 45,000
ELECTRICITY COST FOR 2024 (€/ KWH) €0.271
ELECTRICITY SAVINGS (KWH) 82,837 kWh
COST SAVINGS (€) € 22,449
SIMPLE PAYBACK PERIOD 2.00
NET PRESENT VALUE (NPV) €234,763
INTERNAL RATE OF RETURN (IRR) 49.87%
RETURN OF INVESTMENT (ROI) 898%
BENEFIT TO COST RATIO (BCR) 9.98

Table 10.3 Roof Insulation

10.4 Proposal 4 — External Wall Insulation of Building Envelope

The fourth investment proposal concerns the application of thermal insulation to the
building's external walls, aiming to improve the energy efficiency of the building envelope. This
intervention is intended to significantly reduce thermal losses, which in turn decreases electricity
consumption for heating and cooling and lowers the overall operational costs.
The feasibility analysis shows highly positive results: the investment’s simple payback period is
3.24 years, the internal rate of return (IRR) reaches 30.77%, and the net present value (NPV) is
estimated at €385,578. The return on investment (ROI) stands at 518%, while the benefit-to-cost
ratio (BCR) is 6.18. These figures confirm the viability and high profitability of investing in

external wall insulation.

PROPOSAL 4 — EXTERNAL WALL INSULATION OF BUILDING ENVELOPE

SQUARE METERS OF WALL AREA 1,352
ESTIMATED COST PER SQUARE METER €100
ESTIMATED COST (€) €135,186
ELECTRICITY COST FOR 2024 (€/ KWH) £0.271
ELECTRICITY SAVINGS (KWH) 154,197 kWh
COST SAVINGS (€) €41,787
SIMPLE PAYBACK PERIOD 3.24
NET PRESENT VALUE (NPV) €385,578
INTERNAL RATE OF RETURN (IRR) 30.77%
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RETURN OF INVESTMENT (ROI) 518%

BENEFIT TO COST RATIO (BCR) 6.18

Table 10.4 Thermal Insulation of Building Envelope Walls

10.5 Proposal 5 — Installation of Photovoltaic System

The fifth investment proposal concerns the installation of a photovoltaic system to meet the
building’s energy needs through the use of solar power. The total investment cost is €60,000, while

the annual electricity production is estimated at 97,553 kWh, corresponding to annual savings of

€25,637.

The annual maintenance cost of the system is €800, which is deducted from the yearly benefit

to calculate the net savings accurately.

The feasibility analysis reveals exceptionally positive results: the net present value (NPV)
amounts to €301,325 the internal rate of return (IRR) reaches 42.72%, and the return on investment
(ROI) is calculated at 541%. The benefit-to-cost ratio (BCR) stands at 6.41, confirming the
viability, profitability, and high level of energy autonomy offered by this investment.

PROPOSAL 5 — INSTALLATION OF PHOTOVOLTAIC SYSTEM

ESTIMATED COST (€) € 60,000
ELECTRICITY COST FOR 2024 (€/KWH) £0.271
MAINTENANCE COST (€) 97,553 kWh
COST SAVINGS (€) €800
ELECTRICITY SAVINGS (KWH) € 25,637
SIMPLE PAYBACK PERIOD 2.34
NET PRESENT VALUE (NPV) €301,325
INTERNAL RATE OF RETURN (IRR) 42.72%
RETURN OF INVESTMENT (ROI) 541%
BENEFIT TO COST RATIO (BCR) 6.41

Table 10.5 Installation of Photovoltaic System

]
127 |

—




10.6 Combination of All Investments

The complete combination of the proposed interventions includes the replacement of air
conditioning systems, installation of thermal insulation on the roof and external walls, replacement
of window frames, and installation of a photovoltaic system. The total estimated cost amounts to

€516,359.

Total annual electricity savings reach 306,304 kWh, which corresponds to cost savings of

€99,980, based on the 2024 electricity rate of €0.271/kWh.

The simple payback period for the combined investment package is 5.16 years. The financial
indicators confirm the high efficiency of the investment: net present value (NPV) of €521,402,
internal rate of return (IRR) of 17.68%, return on investment (ROI) of 190%, and benefit-to-cost
ratio (BCR) of 2.90.

These figures clearly demonstrate that the combined investment strategy is both fully viable

and highly advantageous from an energy and financial perspective.

PROPOSAL 4 —- COMBINATION OF ALL INVESTMENT

ESTIMATED COST (€) €516,359
ELECTRICITY COST FOR 2024 (€/ KWH) €0.271
ELECTRICITY SAVINGS (KWH) 306,304 kWh
COST SAVINGS (€) €99,980
SIMPLE PAYBACK PERIOD 5.16
NET PRESENT VALUE (NPV) €521,402
INTERNAL RATE OF RETURN (IRR) 17.68%
RETURN OF INVESTMENT (ROI) 190%
BENEFIT TO COST RATIO (BCR) 2.90

Table 10.6 Combination of All Investments
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CONCLUSIONS AND FUTURE WORK

The overall assessment of the building's current conditions revealed that, although

temperature and CO: levels remain within acceptable limits, relative humidity exceeds the
desirable range. At the same time, the presence of energy-intensive air conditioning systems, the
absence of adequate insulation, and outdated window frames contribute to increased energy

consumption and reduced efficiency.

The conducted feasibility analyses demonstrate that investments in replacing the air
conditioning system, installing thermal insulation on the roof and external walls, replacing window
frames, and installing a photovoltaic system are viable and efficient interventions. Notably, the
combination of all these measures can achieve up to 54.11% reduction in electricity consumption,
significantly improve thermal comfort within the premises, and substantially lower the business’s

environmental footprint, aligning with sustainable development goals.

The financial indicators of the combined investment confirm its strong performance, with a
net present value (NPV) of €521,402, internal rate of return (IRR) at 17.68%, return on investment
(ROI) of 190%, and benefit-to-cost ratio (BCR) of 2.90. It should be noted, however, that the
isolated replacement of window frames, without complementary measures, is not considered a

viable investment according to the detailed results.

Based on the above, we recommend the implementation of the full package of proposed
investments, as this approach offers the highest possible energy and financial returns while
enhancing the environmental performance of the facility. Additionally, we propose the
organization of training sessions and awareness seminars for staff to foster environmental

responsibility and ensure the long-term success of the interventions.
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ANNEX

ANNEX I: MEASURING INSTRUMENTS

The measuring instruments used during the on-site measurements are presented below:

> Thermal Camera FLIR E8

SPECIFICATIONS

DVERVIEW

Accuracy e =2 cacing. “ar amkbicns temoer 10 f o and objcct temp u
aber
Détactor Type Orieanted MiaR et
Fiald of view (FOV) 5" w34
IR Resolution 170 % 240 pixel
List of Contents elrfraredd Carsca el Iransnart Cass sRattany (nside camers) oL SA canks o P supphdthary s b FUL UK LS
avd Austral lugs ePrinted ¢ L

Muki Spectral Dynamic Imaging (MSX) R irmage enhanced with visble camers deta
Object Temperature Range 20r¢ 2
Padkaging Size 385 = 165 x 315 mm (152« €5 x 124 inj
Thermal SensitivityNETD 0.06°C |0.1L°F) / <60 m¥
FUR Screen-EST Mode

Sampiling Average In Screen EST Mooe Recemmendad temperature range: 30 to 45°C 806 10 113°F) in z2abic room temperature
Accuracy (Drift) In Screen EST Mode Accurzcy (crft): =0.39C 2055
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> TES 1333R Datalogging Solar

Power Meter

m 1333R
SOUAR POWER WETER

Display | LoD display, 4 dight LED reading
Range roeis S

ke 34 B | {2 x h)
Resolution 0.1 4ine

0.1 B! ("% R}

Epaciral respange

Accuracy

Angular acouracy

40011000

Typically within 210 'Wen? [£3 Blu /(02 2 hj] or =5%,

whichever is greater i sunlight ; Additionsl termperature
Induced eror 0,38 Wim R [£0.12 Bl ! (AT X REEC) from
254

Cosine correcied <5% Tor angles < 60°

Read

Dorift = +2% per year
Callbratlon User recallbration avallable
Creer-Input Display shows 0L
Sampling Rate 4 limes'sec
Wanu Dsla Memory and

4 o9 meds

Auto Data Memary
Ballery
Batlery Life

A0 2ats | TES.1333R)

4 pes size AAA

. Appro, 100 hours

Operating Tamgp and Humidity |

0 bo S0°C (32°F 10 122°F) balow BO%RH

Elorage Temp and Humlidiby
Weight
Dimension

100G to BDMC bedow TOWRH

Appre, 158
| 11003 = B4 0 = 3404) mm

Aecassares Inclstesd

Manual, 4 pos sime AAS
[RE2E2 Catle, CD softaare - TES1333R)




> Mastech MS6612 digital LUX meter

Light Meter : MSB612

Specifications Range Resolution Accuracy
0~200000 Lux 0.01 Lux  +(3%+2)

Measurement Range 0~20000 EC 0.01 FC +(3%+2)

]
133 |

—



> Plug-in Power & Energy Monitor 2000MU

Model 2000M Specifications:

ITEM

RANGE

RMS voltage

180.0~250.0 Vrms

RMS current

0.00~15.00 Arms

Active power

0~3750 Watts

Apparent power 0~3750 VA
Line Frequency 47.0~63.0 Hz
Power Factor 0.00~1.00

Energy Quantity

(0.00~9999 KWH

KWH Hour 00:00~9999
) Accuracy

[tems Vox Vo,
RMS voltage 1% 0.2%
RMS current 1% 0.3%
Active power 2% 0.5%
Apparent power 2% 0.5%
Line Frequency 2% 0. 1Hz
Power Factor 0.03 0.01
Energy Quantity 2% 0.5%
KWH Hour 30 ppm

Fuse Rating

0.2A/250V 3x11mm
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»> CO2/Temp./RH DATA LOGGER

EXTECH

€0, Meter

Specifications Range Resolution Basic Accuracy
Carcon Digwdde [0 010 2.99%pm I ppmi +5ppm+5% of reading
Tamparature 14 to 122°F 1-1010 B0°C MIRC +2.0°F1.0°C

Humidity 10 to 90%FH L 1%RH +5%RH 1@ 25°C)

Dewv Point 9.2 0 NEF T2 0 470 ARG

Wt Bulo 12210 118AF 11 t048.2°0) 1%FRC

Dimersons\egt 832 461,67 (211 xB0u A0} B oz (181,450
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ANNEX I1: QUESTIONNAIRE

To epOUOTOAOYIO TOV EYETE UMPOCTA GOG EXEL GYEOIOOTEL GTO TANUGIO TOL HOOAUATOC
"TIpoywpnuévn Epyacia: Evomompévog Xyeowoopnog kot ‘Epsvva" kot amevBovetor otovg
epyalopévoug tov Eevodoyeiov Semeli Hotel. Xkomdc tov givar va eEgTdoet Tn Oeppukn aveomn tov
epyalopévav 610 ympo epyaciog Tovg. H cupfoin ocag eivar idtaitepa moAOTIUN Yo TV VAOTOINGN

™G £PELVOG.

To gpompotordylo givor avdvopo, eved kaOe amdvinon 6o cuopfaiiel 6Ty KoAVTEPT
depevvnon tov Bépatog mov peretdtot. No Bupdote 0Tt dev vtdpy oV cmGTéEG N A0S mavTNGELS
apd LOVO Ol SIKEG GOG OMAVINGELS. ZOG EVYOPLOTOVUE EK TV TPOTEPMV Y10 TN CLUUETOYN GaG!

1. ®Hhro:
0 Avdpag
O INuvaika

0 Axho

2. Hhcla
0 Kato tov 20
020 -29
030-39
0140 - 49

O 50 kot Gve

3. X& molov 0poo epydleots;
Ll Iodyelo

L1 Tog Opogog

L1 20¢ Opogog

1 A\ho:
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4. Tlog a&lohoyeite tn Oeppokpacio 6TO YOPO EPYNCING COG KATA TOVE KOAOKOLPIVOUG UNVEC;
L] [ToAd dvoapeotnuévog/n

L Avoapeotnuévos/m

L] Ovdétepog/m

L] Ixavomompuévog/n

0] TToAd kavomompévog/m

5. g Ba BéAate va glvar 1 Beppokpacio 6To yOPOG EPYACING GG KOTA TOVG KAOAOKAUPIVOOS UNVEG;
L YnAotepn Beppokpacio (o {eotdg 0 YdPOC)
O Xwpig adlrhayn

O XapnAdtepn Bepuoxpacio

6. [Tog a&loroyeite T Bepprokpocio 61O YOPO EPYOGINS GOG KATE TOVG XEWLEPIVOVG UNVEG;
0 IToAb dvoapeotnuévog/n

L Avcapeotnpévog/m

[ Ovdétepog/n

O Ixavomompévog/m

L] TToAd kavomomuévog/n

7. llog Ba 0EAate va elval 1) Bepprokpacio 6To yOPOS EPYACiNG GOC KOTAE TOVS XEWEPIVOVS UNVEG;
L YnAotepn Oeppokpacio (o {eoTdS 0 YDPOC)
O Xopic adlhayn

O XapnAdtepn Oepuoxpacio
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8. [Tapatnpeite cuyvég aAlayég otn Beprokpacio TOL YMPOL GO KATE T SLAPKELN TG NUEPIC;
L N, cuoyvé

L] Mepucéc popéc

U Zmévia

O IToté

9. Moo amod to mopakdTm TpokaAel T pueyaldtepn ducpopio 6Tov YMPO cag (Umopeite va emAéEete TAV®
amo pio emMA0YEQ);

L To cbotnpa KAMUOTIGHOV 0EV OVTOTOKPIVETOL GMOGTE.
L Avopotdpopon Beppokpacia

0 Avemoapkng aepiopog

0 AA)o:

10. o pétpa cvvnbwg maipvere yia va PeEATiOGETE TO TEPPAALOV GTOV YDPO GAG;
L PuOuifm to svotnuo KMpotiopon

0 Avoiyw/xieive mopabupa

L Xpnowomold avepuotpeg 1 Oeppoviikd copoto

0 Alho:

11. I'evikd, OG0 1KOVOTOIMUEVOS/M €10TE PE TO GVGTNA OEpLavonc/yoEng Tov Ydpov cog;
O oAb dvoapeotnuévog/n

[ Avcapeotnpévoc/m

[ Ovdétepog/n

0 Ixavomompuévog/m

L] TToAd kavomompévog/m
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