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Abstract: In this paper, we evaluate passive and active strategies that can be used in solving the
heating problems in the residential sector of Northern Cyprus. In doing so, we propose the use
of photovoltaics as a shading device (PVSD). PVSD is known to produce clean energy from solar
radiation and it also reduces the energy consumed for cooling. We use an empirical method to evaluate
the performance of a typical family detached dwelling in Famagusta, Cyprus. The simulation result
derived from the study indicates that the strategic use of PVSDs for openings oriented towards the
east, west, and south can reduce its energy consumption by almost 50% in three months of the year
and cut down up to 400 kWh of energy consumption through the year, thus raising the comfort level
of the building by about 20%. It will also generate nearly 2800 W that can provide up to 50% of the
electricity demand.

Keywords: renewable energy integration; shading devices; BIPV; thermal comfort; energy
consumption; Northern Cyprus

1. Introduction

Currently, the world is using fossil fuels at an alarming rate that not only will strain the sources
in the near future but will result in a great amount of pollution as well. In fact, the effect of the over
dependency on the use of fossil fuel for energy generation is becoming more evident in our world
today. Global warming, climate change, large carbon footprints, decreasing fossil energy sources, etc.,
are some of the glaring effects resulting from the over use of fossil fuels.

According to the Statistical Review of World Energy (June 2016), about 33% of the total energy
consumed globally in the year 2015 was from oil, as shown in Figure 1 [1]. Buildings have been
identified as one of the largest energy consumers in the world today, accounting for approximately
40% of Europe’s energy consumption. This makes buildings a major contributor to greenhouse
emissions and climate change. In the case of Northern Cyprus, 70% of the energy generated is
consumed by buildings (KIB-TEK) [2,3]. Northern Cyprus has no oil or gas reserves, and imports
the gasoline and oil used in its entire energy generation. The state-run utility company known as the
Turkish Electricity Authority (KIB-TEK) and the private sector’s AKSA energy are responsible for the
generation, sales, and distribution of electricity; producing a total of about 403.2 MW (KIB-TEK), as
shown in Table 1 [2]. Industrial consumption of electricity is quite low in Northern Cyprus, therefore,
the bulk of the electricity generated is domestically consumed; used mainly for heating and cooling
buildings, or for powering electronic devices and lighting. In Cyprus, a number of residential buildings
are constructed without paying attention to certain basic bio-climatic principles which eventually lead
to an over-dependence on oversized active systems for cooling and heating of spaces [3]. In addition,
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the lack of insulation in most of the buildings’ walls relatively increases the thermal discomfort within
the interior spaces.

m Coal 30%
Naural Gas 24%

m Hydro 7%
Nuclear 4%

m Oil 33%

Figure 1. World total primary energy consumption by fuel in 2015 [1].

Table 1. Total installed capacity in Northern Cyprus at the first half of 2018 [2].

Location Type of Number and Fuel Total Installed
Technology Sizeof Units Capacity
Teknecik Steam Turbine 2 x 60 MW Heavy fuel oil 120 MW
Teknecik Gas Turbine 20 MW + 10 MW Diesel 30 MW
Teknecik Diesel Generator 8 x 17.5 MW Diesel 140 MW
Dikmen Gas Turbine 20 MW Diesel 20 MW
Kalecik Diesel Generator 8 x 17 MW Diesel 136 MW
Kalecik Steam Turbine 6 MW Heavy fuel oil 6 MW
Serhat Solar 1.2 MW - 1.2 MW
Total 453.2 MW
Total without Gas Turbines 403.2 MW

On the other hand, there is an increasing awareness of the environmental problems caused by
the use of non-renewables [4], thus leading to a growing interest in the use of cleaner and renewable
sources of energy such as wind energy, solar energy, etc. Besides, it has become obvious that the use of
energy from renewable sources is the most effective way of combating climate change. Solar energy,
for instance, has been identified as the most popular source of renewable energy today. The energy
from solar irradiation on the earth can meet the daily energy consumption needs of mankind several
thousand times over [5]. There are two basic categories of solar energy: passive and active. Passive
solar energy is put into practice as a design strategy to accomplish direct or indirect space heating,
daylighting, etc. [6]. Active solar energy is implemented through technical installations, such as solar
collectors and photovoltaic (PV) panels.

Today, one of the most widespread technologies of renewable energy generation is the use of
photovoltaic (PV) systems which convert sunlight into electrical energy. Altin opined that “solar
energy is the most suitable and easiest renewable energy source that can be used in buildings” and the
most popular renewable energy source [7,8].

Several studies have been carried out globally that have focused on finding practical ways and
methods for conserving and optimizing energy within buildings. Some of the major practical strategies
used in conserving energy within building spaces include; good cross ventilation, allowing daylight
into the building, and cutting down on the excessive use of electricity [9-11]. Within the Mediterranean
region, several studies have also been conducted on how to use both passive and active measures to
improve the indoor environment [12,13]. Moreover, lots of researchers have endeavored to emphasize
the significance of housing quality and the need to establish well-designed buildings that are energy
efficient [12-17]. Therefore, since no two residential buildings are exactly the same, it is quintessential
to analyze the energy saving potentials of houses and their construction techniques at an individual
household scale and the result can then be replicated on a wider regional scale [18].

In this paper, we evaluate passive and active strategies that can be used in solving the heating
problems in the residential sector of Northern Cyprus. In doing so, the best design strategies for
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solving the overheating problem of a single-family detached house were identified and presented. The
study also presented the best way to integrate PVs as shading devices. This article is divided into six
sections. The first section provides a brief introduction and the aim of the study. In the second section,
building-integrated photovoltaics (BIPV) and photovoltaics as a shading device (PVSD) are discussed.
The third section of this study presents the context of the study location, while the methodology for the
study is discussed in the fourth section. Sections 5 and 6 contain the results/findings and conclusion
of the research, respectively.

2. BIPV and PVSD

BIPV: The term building-integrated photovoltaics (BIPVs) refers to the integration of photovoltaic
panels into the building skin [19], with the dual roles of replacing building components and of
simultaneously serving as electricity generators [20-22]. There have also been possibilities of BIPV
products being used as facade, windows, shading elements or awnings, curtain walls, and roofs [23-27].

PVSDs: Architects always endeavor to improve the quality of interior spaces by creating openings
for daylighting and views to the outside. This most often can result in excessive solar gains. Shading
devices are used as a passive strategy to reduce this effect. As indicated by Schittich, shading systems
help: prevent overheating in indoor spaces, adapt to different climates, reduce energy consumption
for cooling and heating, provide a glare-free environment, and help to control the ventilation of indoor
spaces [28]. Pester and Crick mention four different ways photovoltaic panels can be integrated on the
building skin [29], as shown in Figure 2.

BIPV product-type choices

Figure 2. Four types of building-integrated photovoltaic (BIPV) product choices [29].

Although most literature focuses on the first three, the photovoltaic shading device is becoming
more and more relevant for integration in buildings. The use of PVSDs is in fact more technical than
the other three [30]. The use of PVSDs on buildings have economic and environmental advantages as
shown in Table 2.

Table 2. Advantages of photovoltaics as shading devices (PVSDs).

Sustainability Dimension Benefits References

Ability to produce clean energy by converting unwanted solar radiation
into electrical energy. There is no side effect to the ecosystem.

The cooling load is reduced when PVSDs are introduced.

When PVs are used as shading device, they generate energy and serve
as protection from glare, hence improving the visual comfort of the
users of the space,

enhancing specific architectural expression through the application of
colored and semi-transparent PV products.

The energy is generated in situ and not centrally, there are savings in
terms of the cost of distribution and greenfield.

The cost of material is saved since the PV is serving as both an energy
generator and as a building component.

Environmental aspects [31-34].

Economical aspects [34,35]

The outcomes of the shading study of Aksugur, in his paper on the potential of passive cooling
strategies in Cyprus, show that rooms with windows which are located on the south side of a building
become excessively hot in summer [36]. Oktay’s evaluation of vernacular housing in Northern Cyprus
suggests that orienting living spaces towards the south, as well as designing a narrow building plan
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with windows on the opposite sides for cross-ventilation, are essential passive design strategies that can
be used in Northern Cyprus [37]. The primary objective of using passive and active design strategies
is to create a soothing micro-climate which is cool in the summers and warm in the winters [38-42].

Over the years, several strategies have been proposed that promote the use of PV systems within
the residential housing stock. According to James et al., “declining module cost, growing consumer
interest in solar energy and policy schemes” are some of the key factors to put into consideration [43].
Other major factors that influence the generation and consumption of energy include the location and
climate data of the building, the orientation of the building, installed materials, building design, and
the selection of the technical systems [44—46].

3. The Context of the Study

The single-family housing type case study was located in Famagusta, Cyprus, as shown in
Figure 3. Cyprus is the third largest island in the Mediterranean Sea. The city of Famagusta is a coastal
town and is on the east side of the island, with a seven-meter elevation above sea level [47]. The
population of Famagusta is 42,526 according to the 2006 census [48].

The climate in Famagusta is a transitional one; it lies between a composite and a hot, humid
climate, however, because of its close proximity to the Mediterranean Sea, it has a hot and humid
climate [49,50]. According to the Cyprus meteorological station report about Famagusta, the
temperature of Famagusta rises to more than 30 °C in the summer months and drops to a low
of 3 °C in the winter months, as shown in Figure 4. The relative humidity for the city of Famagusta
is between 33% to 72% in the different months of the year. January records the highest and October
the lowest humidity in the year. Famagusta has an average of 9 h of sunlight each day, as shown
in Figure 4, and an average of 3328 h of sunlight in a year. The city also experiences an average of
403.5 mm of rainfall each year and an average of 33.6 mm each month [49].

Cyprus

Famagusta

Copyright & Ontheworldmap.com

Figure 3. Location of Famagusta city in Cyprus [51].

The most comfortable months of the year are the months of April, May, October, and November,
while the months of December, January, February, and March require heating. The summer months of
June, July, August, and September require cooling and ventilation [52]. According to [53], Famagusta
has high solar energy during the winter (5.26 kWh/ m?/ day), which rises to 7.12 kWh/ m?/ day during
the summer season, as shown in Figure 6. In addition, the total solar radiation in Famagusta usually
rises from 6 MJ/m? in December to a high of about 24 MJ/ m? in June and July. Besides, the energy
generation rises from 70 W/ m? in December to 280 W/m? in June and July [54,55].
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Figure 4. Annual climate graph of Famagusta [53].

Figures 5 and 6 illustrate that the countrywide solar potential of Cyprus is the highest in Europe.
Moreover, studies have shown that a polycrystalline or monocrystalline solar PV system with nominal
power of 1 kW installed in the coastal region of Cyprus, with a 27° still angle of the panels and south
direction, produces on average more than 1500 kWh per year throughout the first 20 years of its
operation [56]. This is a clear indication of why the government should invest in solar energy as an
alternative source of energy.

Average annual sum of PVOUT, perlod 19942016

1500 1600 1700 KWhikWp

Figure 5. Photovoltaic power potential in Northern Cyprus [57].
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Figure 6. Photovoltaic power potential in Northern Cyprus [56].

4. Materials and Methodology

To achieve the objectives of this research, both qualitative and quantitative methodology were
employed, as shown in Figure 7. The qualitative method included a wide-ranging survey of relevant
literature, while the quantitative method involved a model set up. Firstly, a typical single-family
house was chosen for the simulation. A building simulation model was generated to reproduce the
interior and outside of the house, as well as the materials used for the construction of the building.
The computer program DesignBuilder was used. This software uses EnergyPlus™, a simulation
software developed by the US Department of Energy (DOE) to simulate heat transfer processes,
climate conditions, and other factors relating to energy consumption in buildings. EnergyPlus™ is a
whole building energy simulation program that researchers and professionals in the building industry
use to model both energy consumption for heating, cooling, ventilation, lighting, and plug and process
loads—and water use in buildings [58,59].

Furthermore, the Climate Consultant program and the weather file of Famagusta (epw) was used
to develop the best strategies for both passive and active design that would create a unique list of
design guidelines for the building. The building was simulated with and without shading devices,
and finally with the shading devices replaced with PVs. The ASHRAE Standard 55 was also used
as the comfort model in the Climate Consultant simulation. Milne describes Climate Consultant as
a graphic-based computer program that helps users create more energy efficient buildings, each of
which is uniquely suited to its particular location in the world [60].
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Figure 7. Illustration diagram of process and methodology of the research (drawn by authors).

Building and PVSD Case Study

7 of 19

For the model setup, a common single-family detached dwelling with a living room, a garage, a
kitchen, two bathrooms, and five bedrooms was evaluated using DesignBuilder software. The house
has a south orientation, a flat roof, and a total floor area of 149 m2. The details about the building
model are shown in Figure 8 and Table 3.

Seas==

Figure 8. (a) Ground first floor of the building model; (b) elevation of the building.

(b)
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Table 3. Information about the single-family building model.

s/n Building Information Description
1 Project Residential building
2 Type Single family detached house
3 Area of building 149 m?
4 Climatic region Mediterranean climate
5 Orientation: South
6 Number of floors Two floors
7 Window material pvC
8 Window configuration Double glazing
9 Windows type 3mm c1e3ar glass + 6 mm air gap +
mm clear glass
10 Level above ground 1m
11 Orientation of the openings South, east, west, and north
12 Outside shading device Louver and cantilever
13 Door material Wood
14 Wall type Bearing and partition
15 HVAC system Slit unit

EnergyPlus operational and occupancy schedules default values for residential buildings were
used for the simulation. The building’s energy demand includes; lighting, domestic hot water (DHW),
air-conditioning system, and other household appliances. The DesignBuilder software’s default
residential operational schedule was used to determine the building’s electricity requirements. The
input parameters and boundary conditions for the EnergyPlus simulation used to determine the light,
DHW, and other appliances are given in Table 4. The heat transfer coefficients of the construction
elements of the building were obtained from [61] for the heating and cooling load calculations and are
tabulated in Table 5.

Table 4. Parameters for residential electricity demand. DHW: domestic hot water.

Lighting Illuminance (lux) 150
DHW Consumption rate (1/m2-day) 0.72
Delivery temperature (C) 65
Equipment Unit consumption (W/m2) 3

Table 5. Heat transfer coefficient (U) for construction components [61].

U-Value (W/m2Kk)

City
Wall Roof Ceiling Floor Windows
Famagusta
Northern Cyprus 0.56 0.67 0.44 0.8

5. Result and Findings

This section of the paper presents the results from the simulation of the case study.

5.1. Sun Shading Chart

From the Climate Consultant program, the number of hours that shading is required for the
simulated building was derived. The result of the simulation presented in Figures 9 and 10 show the
annual number of hot, cold, and comfortable hours in the simulated building. Between the winter and
spring months (21 December to 21 June), shade would be needed for 174 h, the sun will be needed
for 1590 h, and 748 h are the comfortable hours within this period of the year. While for the summer
months as shown in Figure 10 (21 June to 21 December), shading will be required for 1203 h, direct solar
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radiation for heating is required in the building for 499 h, and the remaining 896 h are the comfortable

hours of the year.
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Figure 9. Sun shading chart in winter and spring (21 December to 21 June).
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Figure 10. Sun shading chart in summer and fall (21 June to 21 December).

Furthermore, from Figures 9 and 10, we can deduce that the two-floor single-family house, which
is classified as a low-rise residential building, needs shading devices for a total of 1218 h in a year.

5.2. Psychrometric Chart Results

One very important output of the Climate Consultant software is the psychrometric chart. Beyond
just representing the climatic data, the psychometric chart helps to organize the information in a way
that is plain and easy for people to understand the influence of climate on the immediate environment.
The Comfort Zone, as shown in Figure 11, is the psychrometric chart for the simulated house. It can be
clearly seen that the area of the comfort zone for the building is quite small (16.8%), implying that a
large amount of energy would be needed for heating and cooling. Therefore, very good passive and
active design strategies need to be developed to solve the heating problem.
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Figure 11. Psychrometric chart for Famagusta: Comfort Zone.

Figure 12 presents the best design strategies for building envelopes in Famagusta. The
strategies are able to modify or filter extreme external climate conditions to create comfortable indoor
environments in Famagusta.
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Figure 12. Psychrometric chart for Famagusta.

The design strategies for the simulated building are explained as follows:
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e  Sunshading of windows: as presented in Figure 15, shading on the chart takes up to 15.2% that
is about 1328 h of the year. Through the use of shading devices, 1328 uncomfortable hours are
converted to comfortable hours.

e Two stage evaporative cooling: in the two-stage evaporative cooling strategy, first a thermal
converter is used to reduce the temperature, then the comfort condition is applied by direct
evaporative cooling. This process makes up 1.7% (146 h annually).

e Natural ventilation cooling: natural ventilation is required for cooling for about 102 h of the year
(1.2%).

e Internal heat gain: 36.4% of thermal comfort can be achieved by internal heat gained from within
the building from artificial lighting, electrical equipment, and indoor activities by occupants. This
is about 3188 h of the year.

e  DPassive solar direct gain high mass: the is the number of hours in the year where thermal comfort
is achieved through passive solar gain. This includes a total of about 1713 h (19.6%).

e  Wind protection of outdoor spaces: in this segment of the chart, building wind protection by
outdoor elements such as plants is required to achieve the comfort conditions. This includes 0.5%
making up a total of 43 h of the year.

e  Dehumidification only: dehumidification is required to achieve thermal comfort in the building
for a total of about 984 h of the year, making up 11.2%.

e  Cooling, add humidification if needed: to achieve comfort, this strategy requires both cooling and
humidification at the same time. This includes a total of 1806 h of the year (20.6%).

e Heating, add humidification if needed: to achieve comfort, this strategy requires both
humidification and increasing air temperature by mechanical heating. This includes a total
of 772 h of the year (8.8%).

5.3. Solar Shading Performance Result

Solar shading performance was also assessed using Climate Consultant. Shading elements work
differently based on their orientation. Shading device strategies are usually tailored towards the
orientation of each window. Whilst some orientations are easy to shade, others are much more difficult
as the sun can be almost direct-on at certain times of the day. The number of hours exposed to the sun
that need to be shielded is also different based on the direction the facade is facing (north, south, east,
and west). From the simulation, the types of shading elements that should be used are also different,
as illustrated in Figures 13 and 14. The results from the simulation are that:

e  Windows directly facing the south would need more shading from the sun, and the horizontal
overhangs work better for southern facades. The east and west would require both vertical
fins and horizontal overhanging used in the passive design strategies, while on the northern
fagade, shading is completely avoided as exposure to the sun is needed for the interior space of
the building.

By having shading devices with PV integrated retrofits, shading can be provided, and electricity
generated simultaneously, which is what this research seeks to achieve.

Having identified shading as one of the best strategies, the next step would be to identify what
shading system best fits the orientation of the building. Through the use of Climate Consultant, this
study has been able to identify the best shading strategy that best fits the single-family building
location, as shown in Figure 13.
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5.4. Cooling Design Strategy

The cooling design is aimed at solving the overheating problem of the building, especially in the
summer months. Figures 15 and 16 show the cooling design calculation, the size of the cooling plan
required in design during the summer condition, and the impact of the changing aspects of shading to
help find a design solution.
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Room Electricity (kWh)
)
)
)
DHW (Electricity) (kWh) | 183.43 166.96 186.73 177.94 183.43 181.24 18343 185.08 179.50 183.43 179.59 185.08
)
)
)

Lighting (kWh

Outside Dry-Bulb Temperature (°C) | 11.76 11.67 12.97 17.30 21.10 2461 27.28 27.79 25.40 21.47 17.20 13.36
External Infiltration (kWh) | -747.53 -732.77 -783.68 -668.93 -486.26 -240.86 -61.42 -33.32 -206.97 -483.24 -625.52 -681.58
General Lighting (kWh) | 16246 146.73 16246 15722 16246 157.22 16246 16246 15722 16246 157.22 16246
Miscellaneous (kWh) | 46.55 42.81 48.51 45.31 46.55 47.26 46.55 4753 46.28 46.55 46.28 4753
Occupancy (kWh) | 129.09 113.38 119.03  92.01 83.27 73.72 71.73 70.16 70.67 81.09 96.65 123.47
Solar Gains Exterior Windows (kWh) | 1893.39 1949.18 2259.44 2331.47 2360.37 2413.94 2493.51 2570.52 2646.93 2520.38 2086.68 1897.13
Zone Sensible Heating (kWh) | 250.35 171.94  31.98 0.1 0.03 0.48 2.84 3.23 0.38 0.05 0.65 108.65
Zone Sensible Cooling (kWh) | -150.81 -155.89 -205.94 -557.55 -1148.85 -1956.40 -2555.11 -2724.68 -2263.99 -1286.45 -497.17 -171.85
Sensible Cooling (kWh) | -52.72  -52.49  -68.65 -43545 -1064.35 -1926.97 -2568.90 -2749.71 -2247.06 -1204.13 -383.27 -66.13
Total Cooling (kWh) | -52.99  -52.64  -69.14 -442.25 -1334.17 -2416.93 -3381.25 -3639.76 -2772.96 -1360.23 -41049 -67.32
Zone Heating (kWh) | 291.84 20352 41.14 0.01 0.00 0.00 0.00 0.00 0.00 0.00 1.04 129.49

Figure 15. Simulation results without shading on a monthly basis: Temperature, Heat Gains, and
Energy Consumption—T1, Building 1. EnergyPlus 1 Output 31 December (zone conditions reported for
occupied periods, defined by schedule) Monthly Evaluation.
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Room Electricity (kWh) | 46.55 42.81 48.51 45.31 46.55 47.26 46.55 47.53 46.28 46.55 46.28 47.53

Lighting (kWh) | 16246 146.73 16246 157.22 16246 15722 16246 16246 15722 16246 15722 16246

Heating (Gas) (kWh) = 440.61 330.14 110.32 0.62 0.00 0.00 0.00 0.00 0.00 0.00 3.57 211.80

Cooling (Electricity) (kWh) | 14.02 11.42 10.09  130.15 540.07 1147.98 1664.87 176140 127563 550.93 145.86 19.60

DHW (Electricity) (kWh) | 18343 166.96 186.73 177.94 18343 181.24 18343 185.08 179.59 18343 179.59 185.08

Outside Dry-Bulb Temperature (°C)  11.76 11.67 12.97 17.30 21.10 24.61 27.28 27.79 25.40 21.47 17.20 13.36
External Infiltration (kWh) | -691.75 -666.24 -676.84 -575.85 -442.64 -209.77 -28.78 6.64 -163.83 -438.73 -565.00 -621.03

General Lighting (kWh) = 162.46 146.73 16246 157.22 16246 15722 16246 16246 15722 16246 157.22 16246
Miscellaneous (kWh) = 46.55 42.81 48.51 45.31 46.55 47.26 46.55 47.53 46.28 46.55 46.28 47.53

Occupancy (kWh) 13278 117.85 12648  99.50 87.00 76.53 74.83 74.02 74.72 8496 10141 12767
Solar Gains Exterior Windows (kWh) | 1552.89 1568.72 174596 1785.09 1857.37 1955.82 1990.41 1965.35 2006.64 1977.03 1694.34 1565.41
Zone Sensible Heating (kWh) | 325.34 23853  73.80 0.73 0.08 0.81 4.56 5.50 0.85 0.10 2.16 151.34
Zone Sensible Cooling (kWh)  -105.43 -101.24 -124.47 -33595 -820.43 -1629.34 -2196.93 -2292.34 -1811.65 -933.92 -344.76 -121.10
Sensible Cooling (kWh) | -26.03  -20.47  -18.01 -230.33 -741.54 -1602.80 -2211.32 -2316.27 -1797.84 -857.17 -241.67 -34.34

Total Cooling (kWh) | -26.23  -20.55 -18.16 -234.27 -972.13 -2066.36 -2996.77 -3170.52 -2296.14 -991.67 -262.54 -35.29

Zone Heating (kWh) | 374.52 280.62 93.77 0.52 0.00 0.00 0.00 0.00 0.00 0.00 3.04 180.03

Figure 16. Simulation results with shading devices on a monthly basis: Temperature, Heat Gains, and
Energy Consumption—T1, Building 1. EnergyPlus 1 Output 31 December (zone conditions reported for
occupied periods, defined by schedule) Monthly Evaluation.

Figure 18 shows that the amount of energy needed for cooling the sample building is very high,
especially in the summer months of June, July, August, and September. Implementing the shading
device strategies derived from the solar shading performance result of this research would lead to
a more than 400 kWh reduction, especially in some of the summer months, and the entire annual
cooling load reduced by almost half (total cooling load—Figure 16). From the simulation, the total
energy consumption that will be reduced in the summer months of June, July, August, and September
is 716.02 kWh. On the other hand, the heating load increases in winter but not in a significant measure.
The increase in the heating load for winter months of December, January, February, and March amounts
to 115.70 kWh. In this tradeoff, the reduction in energy consumption in the summer months still
outweighs the increase in the winter months.

5.5. Total Energy Generated by the PVSDs and Cell Type

The type of solar cell used for the simulation is the monocrystalline cell. One meter squared of
monocrystalline cell produces 160 watts as earlier mentioned. Since there is 20.4 m? available surface
for integration, the PV shading device will generate a total of about 3264 watts of electricity and from
due south with every 5°, the average deficiency drop is about 1.1% with the number of windows
oriented to both east and west.
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Total of surface area of shading devices on the ground floor that are exposed to the sun:
(1.8+1.4) x 0.4+ (2.3+1.4) x 04432 x 04 +49 x 0.4+ (4.4 +20) x 04+ (2.3 +14) x 04=10.08m? (1)
Surface area of shading devices on the first floor that are exposed to the sun:

26+19) x04+(1.8+14) x 04+ (23+14) x3.0x04+20x04+24x04+

2
(29 +1.2) x 0.4+ (2.8) x 0.4 =10.28 m? @
Total surface area = 10.08 + 10.28 = 20.36 ~ 20.4 m?
Figures 17 and 18 show the layout and the perspective view of the simulated building. Figure 17a
shows the building without the PVSD, while 17b shows the building with the PVSD. Figure 19 shows
the PVSD system integrated into the simulated building.

Overhang and horizontal fins PVSDs on the east and west

Overhang PVSDs on

the south facade

(a) (b)
Figure 17. (a) Without shading devices; (b) with shading.
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Figure 18. Building layout with the shading device. (a) Ground floor plan, (b) First floor plan.
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Projection with crystalline voltaic
system

Figure 19. PVSD system used on south fagade with mono crystalline photovoltaic system (authors).

Thus, the number of watts decreases. Also, according to the global formula calculation of the
solar PV energy output of a photovoltaic system [62]:

E=A xrxHxPR 3)

where

E = energy (kWh),

A = total solar panel area (20.4 m?),

r = solar panel yield (estimated to be 12%),

H = annual average irradiation on tilted panels (1800), and PR = performance ratio, coefficient for
losses (0.75). The energy becomes more than 3300 kWh/annum.

6. Conclusions

Openings and proper orientation for buildings within the Mediterranean region have always
played a critical role in enhancing the comfort level of users. Nevertheless, it comes with a price; it often
leads to overheating of the interior space in summer or inadequate penetration of sunlight in winter,
especially when the building lacks proper orientation. The result is high energy consumption for
heating and cooling. Therefore, developing good strategies that will conserve energy as well as generate
clean energy for buildings in Cyprus and other countries facing the Mediterranean Sea is critical. Today,
there are several strategies as well as new technology/products that have been designed to enhance
the architectural integration of PVs in buildings. Openings on the south facade are often considered
most appropriate for integration. This research provides strategies for increasing the comfort level in
buildings through the integration of PVs into shading elements in the residential building. Having
conducted an empirical study on the use of PVs as a shading device through a simulation on a
typical single-family house, this study proposes the use of photovoltaic integrated shading instead of
reinforced concrete, which is the commonly used building material for shading devices.

Based on the aim and objectives of this research work, parameters analyzed, and the building
simulation, the following conclusions have been obtained:

The simulation result derived from the single-family detached house in Famagusta indicates that
the strategic use of PVSDs for openings oriented towards the east, west, and south can reduce its
energy consumption by almost 50% in three peak months of the year.

The integration of PVSDs cut down up to 400 kWh of energy consumption through the year and
raises the comfort level of the building by about 20%.
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PVSDs used as a shading device inclined at 0° will provide nearly 2800 watts that can provide up
to 50% of the electricity demand of the single-family building.

The cost of the substituted materials and greenfield that would otherwise have been used to
mount the panels will be saved.

The authors recommend the use of horizontal overhang on the south fagade, while on the east
and west facade, overhanded and fins are most appropriate.
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