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Abstract: Türkiye’s earthquake zone, primarily located along the North Anatolian Fault, is one of the
world’s most seismically active regions, frequently experiencing devastating earthquakes, such as the
one in Hatay in 2023. Therefore, reconstructing energy-efficient buildings after major earthquakes
enhances disaster resilience and promotes energy efficiency through retrofitting, renovation, or
demolition and reconstruction. To this end, this study proposes implementing energy-efficient
design solutions in dwelling units to minimize energy consumption in new buildings in Hatay,
Southern Turkiye, an area affected by the 2023 earthquake. This research focused on a five-story
residential building in the district of Kurtlusarımazı, incorporating small-scale Vertical-Axis Wind
Turbines (VAWTs) with thin-film photovoltaic (PV) panels, along with the application of a green wall
surrounding the building. ANSYS Fluent v.R2 Software was used for a numerical investigation of the
small-scale IceWind turbine, and DesignBuilder Software v.6.1.0.006 was employed to simulate the
baseline model and three energy-efficient design strategies. The results demonstrated that small-scale
VAWTs, PV panels, and the application of a green wall reduced overall energy use by 8.5%, 18%, and
4.1%, respectively. When all strategies were combined, total energy consumption was reduced by up
to 28.5%. The results of this study could guide designers in constructing innovative energy-efficient
buildings following extensive demolition such as during the 2023 earthquake in Hatay, Türkiye.

Keywords: residential buildings; vertical-axis wind turbine; PV panels; green wall; earthquake;
energy-efficient design

1. Introduction

Türkiye’s earthquake zone, primarily situated along the North Anatolian Fault, is
one of the most seismically active regions in the world, experiencing frequent and some-
times devastating earthquakes [1]. The country’s unique tectonic setting requires strin-
gent building codes and continuous advancements in earthquake-resistant construction
techniques to protect its population and infrastructure. Therefore, reconstructing energy-
efficient buildings after major earthquakes involves integrating resilience with sustainability
to create structures that not only withstand future seismic events but also minimize energy
consumption [1]. To this end, the Republic of Türkiye’s Ministry of Environment, Urban-
ization and Climate Change announced the “Earthquake Resistance and Energy Efficiency
in Public Buildings Project”, which aims to retrofit and/or design public buildings, such as
educational institutions, dormitories, hospitals, and administrative offices, to enhance their
earthquake resilience and improve their energy efficiency [2]. Another goal of the project
is to raise awareness by developing a model to achieve energy efficiency in all residential
buildings in Türkiye following the project’s completion.

In the Hatay earthquake (two earthquakes with magnitudes of 7.2 and 7.1), a total
of 80,323 buildings were destroyed, and more than 270,000 buildings were damaged.
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Additionally, of the 563,751 people who left Hatay after the earthquake, 434,216 have
returned (Figure 1). Therefore, reconstructing and designing new buildings should begin
with a comprehensive assessment of the site to understand the specific seismic risks and
local climate conditions.
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From a design point of view, utilizing advanced materials and construction techniques,
such as reinforced concrete and steel frames, ensures structural integrity, which is discussed
in the next-generation performance-based seismic design procedures and guidelines for
application to new and existing buildings, under the scope of the ATC58 project [3]. On the
other hand, developing an overarching framework that enables the consideration of both
earthquake resistance and energy efficiency perspectives is highlighted in [4]. Therefore,
incorporating insulation, energy-efficient windows, and renewable energy systems such
as solar panels enhances the energy performance of new buildings after demolition [5,6].
Additionally, incorporating green roofs and walls can improve insulation and reduce the
urban heat island effect. Overall, the goal of reconstructing energy-efficient buildings
in earthquake zones is to create buildings that are sustainable and capable of providing
long-term energy savings, contributing to both environmental and economic resilience.

Türkiye is now the 16th largest energy consumer, with an average annual growth in
electricity consumption of 5% over the last 20 years [7]. Currently, only 20% of total energy
consumption is met by electricity, indicating that this growth trend is expected to continue,
increasing by 3–4% per year over the next two decades [8]. Türkiye relies heavily on fossil
fuel imports, which make up 90% of its total primary energy supply. Consequently, the
government is exploring practical methods to satisfy the rapidly increasing energy demand
using local renewable sources [9–15]. While Türkiye is a global leader in geothermal energy,
its resources fall short of meeting its requirements [16,17]. Despite wind and solar energy
contributing around 20% to the total energy production in 2023, Türkiye still has untapped
potential in these resources [12,13]. Achieving temporal and geographical flexibility in the
power system requires various solutions, depending on the nature of the system and the
availability of wind and solar energy, as outlined in a report prepared for the G20 by the
International Renewable Energy Agency (IRENA) [18].
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Figure 2 illustrates that the share of onshore wind energy constitutes 24% of energy
generated by wind turbines. These turbines exploit kinetic energy from the wind turbine
and convert it into electrical energy. It is also important to point out offshore wind energy,
which comprises a higher percentage of onshore wind energy, an increase of 5%, bringing
the total onshore and offshore energy to about 53%. Solar photovoltaic energy is an
important part of renewable energy due to the abundance of solar energy available globally,
cnostituting approximately 10%.
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Several studies have been conducted to assess and improve construction practices
in earthquake-prone areas. For instance, Leventeli et al. [1] discussed the importance of
constructing buildings on rocky grounds in earthquake-prone areas, citing reduced damage
and casualties during earthquakes in Türkiye, prioritizing rocky terrains for construction
to mitigate earthquake risks effectively. Varolgüneş [19] explored permanent housing
following the 2003 Bingöl earthquake, emphasizing flaws in planning and execution. This
underscores the importance of aligning housing designs with local needs for improved
resident satisfaction. Yön [20] investigated failure mechanisms in unreinforced masonry
buildings after Türkiye’s 2019 earthquake, identifying critical structural weaknesses and
inadequate connections. The study suggests reinforcement strategies such as shotcrete and
fiber-reinforced polymer to enhance building resilience. Ozmen [21] reviewed methods to
reduce earthquake damage in Türkiye, advocating for improved civil engineering practices.
The study stressed the importance of comprehensive engineering assessments, specialized
training for engineers, and heightened public awareness to strengthen earthquake pre-
paredness and mitigation. Işık et al. [22] studied how site-specific design spectra affect
building responses to earthquakes in Türkiye’s Marmara Region. The paper pointed out
the significant impact of local soil conditions on seismic resilience, suggesting the need for
tailored building designs to improve earthquake preparedness and structural safety.

Aman and Aytac [23] focused on determining safe post-earthquake assembly areas
in Istanbul using a multi-criteria decision-making model and GIS. The authors identified
107 safe assembly areas across seven neighborhoods, considering factors like geology,
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hydrology, and accessibility, to enhance urban disaster resilience. Atmaca et al. [24] dis-
cussed the performance of masonry and reinforced concrete buildings in Türkiye ‘s major
earthquakes from 1992 to 2020. They linked observed damages to lapses in construction
and outdated codes, stressing the need for the rigorous application of updated seismic
regulations to reduce future earthquake damage.

Recent seismic events in southeastern Türkiye, particularly the devastating earth-
quakes of 6 February 2023, have prompted a re-evaluation of the region’s preparedness
and resilience. Several researchers have scrutinized the seismic performance of infrastruc-
ture, with several studies focusing on vulnerabilities in buildings. Among these, Ozturk
et al. [25] investigated the seismic performance of school buildings in southeastern Türkiye,
and revealed extensive damage due to outdated seismic codes, poor material quality, and
inadequate structural details. The research stressed the need for retrofitting and stricter
adherence to modern seismic regulations to prevent future damage. Ozturk et al. [26] ana-
lyzed the impacts of significant seismic events, revealing extensive damage to reinforced
concrete buildings. They noted that numerous structures did not comply with the seismic
codes applicable at their time of construction and were situated in high-risk areas, resulting
in catastrophic outcomes. Tao et al. [27] explored building damage in Hatay due to the
6 February 2023 earthquakes. They noted extensive damage from the quakes, which were
intensified by side-effects like liquefaction and over-design ground motions. The study
emphasized the resilience of well-constructed buildings and the catastrophic failures of
those not up to seismic standard. However, to the best of the authors’ knowledge, there is
very limited research on reconstructing buildings with a focus on energy efficiency after
major earthquakes.

On the other hand, employing energy-efficient building design strategies is common
in the literature. Numerous recent studies have been carried out involving wind energy,
solar energy, and green walls toward reducing energy consumption in buildings. For
instance, Alrwashdeh [28] examined the impact of PV panel orientation (landscape and
portrait) in Amman, Jordan, by using 3D energy v.2020 simulation software. They found
that the landscape orientation generated 13.7% more energy than the portrait orientation.
This difference happened because of reduced energy losses from blocking and shading
between panels in the landscape orientation. Burg et al. [29] discussed the effect of PV
panel systems in urban climates, installing high-efficiency PV panels outside urban regions
to reduce environmental impact. Biyik et al. [30] and Maghrabie et al. [31] both presented
“Building-integrated photovoltaic systems BIPV” and found that the extent of the impact of
these types of solar cells and their ability to reduce energy consumption in buildings make
them valuable for improving the design of sustainable buildings. This study also indicated
how to enhance technology and economic incentives. Topal et al. [32] and Çeçen et al. [33]
introduced the importance of PV panels in Türkiye because of its geographical location and
the promotion of the use of solar energy; both studies indicate an increased demand for this
type of energy to reduce dependence on fossil fuels and the urgent need for the government
sector to support this technology to achieve environmentally friendly buildings.

Hajizadeh and Seyis [34] investigated the retrofitting of a residential building in
Antalya, Türkiye, using different methods such as PV panels, wall insulation, and other
strategies. They found a reduction in total energy consumption of 58%. This study shows
the possibility of applying this type of strategy in Mediterranean climates. Adan and
Filik [35] integrated 3 KW solar PV systems in Eskişehir, Türkiye, which has higher solar
potential than many European regions. These PV panels produced 4839 KWh/year with
a performance value of 84.8%. Turhan and Saleh [36] performed a simulation study by
integrating forty small-scale IceWind turbines mounted on the roof of a building in a case
study in Istanbul, Türkiye, and decreased annual energy by 9.3%.

To the best of the authors’ knowledge, there are limited studies that incorporate energy-
efficient design strategies for reconstructing new buildings following major earthquakes.
This study also introduces a novel approach by designing a small-scale wind turbine to be
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installed on the rooftop of a building and implementing thin-film PV panels and a green
wall on the structure.

2. Methods

A case building in Hatay, Turkey, was selected to implement three strategies. Initially,
the building was simulated without utilizing any solutions, and the energy consumption
of the baseline model was calculated, including total energy like fuel consumption and
electricity. Subsequently, this research explored three strategies separately: thin-film PV
panels, IceWind turbines, and green walls. Finally, the results were compared to determine
the effectiveness of each strategy in significantly reducing energy consumption in the case
building. Figure 3 illustrates a flow chart of this study.
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2.1. Climate and Location Analysis

Hatay, situated in Southern Türkiye at coordinates (latitude 36◦ N, longitude 36◦ E),
falls within the Csa-type (temperature) climate zone according to the Köppen–Geiger
climate classification, a fundamental tool in climatology [37]. The Kurtlusarımazı district in
Hatay was selected for this study due to its favorable conditions, characterized by abundant
sunlight and wind. Figure 4 depicts the locations of Hatay and Kurtlusarımazı.

Figure 5 displays a distribution heat map of Hatay city, highlighting areas with varying
solar energy potential. Regions with low potential are depicted in blue, those with medium
radiation in yellow, and areas inclined towards orange indicate a high capacity for solar
energy, making them ideal for solar cell utilization. Therefore, Kurtlusarımazı stands out as
one of the regions with a significant abundance of solar energy.
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Kurtlusarımazı is situated in a region known for high winds, as shown in Figure 6,
where wind speeds can reach up to 10 m/s due to the area’s elevated position above
sea level. The wind energy potential around this region was assessed using the Atlas
website [39], with red indicating a high level of wind energy potential. The graph illustrates
that the highest wind speeds are observed at the initial measurement point, corresponding
to periods of intense wind activity. Subsequently, there is a noticeable and consistent
decrease in wind speed, attributed to seasonal transitions and meteorological influences
impacting the area consistently.
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2.2. Case Building Design

The case building is a residential structure located in the Kurtlusarımazı district of
Hatay, Turkey. Illustrated in Figure 7, the building comprises five stories, each housing two
apartments. Each apartment is configured with three bedrooms, two bathrooms, a living
room, a kitchen, an entrance, two balconies, and storage space. The total area of the case
building measures 424 square meters, with its parameters derived from the architectural
drawings of the building. Table 1 provides an overview of the design criteria and features
of the case study building, sourced from [40].
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Table 1. Basic design features.

The Building Construction Properties Baseline Model

Number of floors 5
Overall floor area 424 m2

Number of spaces 115
External walls (U-value) 0.35 (W/m2K)
Internal walls (U-value) 1.923 (W/m2K)

Roof (U-value) 0.25 (W/m2K)
Ground floor (U-value) 0.25 (W/m2K)
Glazing type + U-value Reference glazing with 1.978 (W/m2K)

The external wall layers in the base design are composed of gypsum plaster (0.03 m
thickness, 0.4 W/mK) thermal conductivity), XPS extruded polystyrene (0.07 thickness,
0.034 W/mK thermal conductivity), concrete block (0.1 m thickness, 0.013 W/mK thermal
conductivity), and gypsum plaster (0.02 m thickness, 0.4 W/mK thermal conductivity).
The exterior walls have a U-value of 0.35 W/m2K.

2.3. Energy Simulation Analysis

An hourly dynamic building simulation tool, DesignBuilder, was used to simulate
the baseline model and energy-efficient design strategies [41]. The materials for the case
building were obtained from an architectural drawing, and the construction model was
based on the values as in Table 1.

Figure 8 represents the baseline model in three dimensions. The case building was
modeled with trees for accurate results, via shading effects and simulated weather data
from LARNACA-CYP IWEC. The simulation includes four scenarios, the first one without
any solution and other cases with PV panels, small-scale wind turbines, and a green
wall, sequentially.
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2.4. Retrofitting Strategies

Three energy-efficient design strategies were conducted for the case building. The
aim of implementing energy-efficient design strategies was to examine the impact of these
solutions on decreasing the energy consumption of residential buildings and reducing
environmental pollution by using sustainable energy. It is significant to remember that on-
grid systems are used for cases one and two since they involved lower initial investments
as there was no need for energy storage solutions.

2.4.1. Case One: Adding Photovoltaic (PV) Panels

Photovoltaic PV panels are installed around two big circles and into the walls to the
south of the building in order to achieve the maximum possible benefit from capturing
solar energy (Figure 9). A thin-film G × B 500 Bifacial PV module is used in the case
building, which was designed to capture sunlight from both the front and back, boosting
energy efficiency by up to 20%. The power output ranges between 19.3% and 23.2% with
added backside power. Due to its heat resistance, this thin-film PV panel is significantly
effective in hot climates because these panels are built to endure temperature ranging from
40 to +85 ◦C. Additionally, they can handle heavy snow and wind loads. Table 2 includes
all thin-film PV module specifications.
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2.4.2. Case Two: Building-Integrated Wind Turbine Design

A small-scale IceWind turbine was designed for the case building. Forty-two IceWind
turbines were used on the roof of the building and distributed in a way that was propor-
tional to the available space on the case building’s rooftop to ensure that they captured
the maximum possible level of wind energy, taking into account the distance between
the turbines in a manner that would not affect the aerodynamics between each turbine
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and its neighboring turbines. The final IceWind turbine blade used in this research was
designed using Solidworks Software v.2018 [42]. It features dimensions with a diameter (D)
of 0.7575 m and a height (H) of 1.456 m, with a swept area of 1.95 m2, which was calculated
directly from Solidworks. Figure 10 illustrates the design of the three-blade IceWind VAWT.

Table 2. PV module specifications (the data are taken from https://energypal.com/best-solar-panels-
for-homes/sunpreme/gxb-500, accessed on 23 June 2024).

Photovoltaic Properties Photovoltaic Properties

Cell type Bifacial Hybrid Cell
Technology (HCT)

Rated electric power output per
module (W) 500

Cells in series 96 Short-circuit current (A) 9.3
Active area m2 2.591148 Module current at max power (A) 8.8

Total area of PV panels (m2) 148.2 Temperature coefficient of
short-circuit current (A/K) 0.00372

Transmittance absorptance product 0.9 Module voltage at max power (V) 57.4
Semiconductor bandgap (eV) 1.12 Open-circuit voltage (V) 72.9
Reference temperature (◦C) 25 NOCT cell temperature (◦C) 45

Reference insolation (W/m2) 1000 NOCT ambient temperature (◦C) 20

Module heat loss coefficient (W/m−2 K) 30 Temperature coefficient of
open-circuit voltage (V) −0.17496

Rated electric power output per module (W) 500
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Figure 10. IceWind blade (dimensions in mm).

Figure 11 shows two concrete circles on top of the case building supported by columns
proportional to the size of the circle. Ten IceWind turbines are shown on the smaller
circle and twenty others on the larger circle. In addition, 12 IceWind turbines were placed
distributed over the four corners of the building in order to reduce energy consumption in
the case study building.

Air flow simulations around the IceWind turbine were performed with a 3D domain
with dimensions of 6 m × 3 m × 3 m in ANSYS Fluent Software v.R2. [43]. The physical
model includes a velocity inlet boundary where wind enters at speed of 10 m/s, a pressure
outlet where the existing air is removed, and no-slip boundary conditions on all the
other surfaces.

https://energypal.com/best-solar-panels-for-homes/sunpreme/gxb-500
https://energypal.com/best-solar-panels-for-homes/sunpreme/gxb-500
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The mesh used in the simulation is a tetrahedral mesh, while the nodes include 861,882
and 4,790,485 elements. This higher mesh was selected for better accuracy of the results.
The study utilized the Shear Stress Transport (SST) K-ω model, which has been described
to be more exact in terms of the aerodynamic performance of such VAWTs [44,45]. Figure 12
illustrates the boundary conditions and the mesh of the IceWind turbine domain from a
side view.
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the IceWind turbine domain from side view.

The average wind speed was taken as 10 m/s, as mentioned before for the Kurtlusarı-
mazı location. After performing the simulation, we found that the rated power output was
305 watts with a rotor speed of 190 rev/min and a tip speed ratio of 1.51. Table 3 presents the
input parameters for the building-integrated wind turbines using DesignBuilder Software.
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Table 3. Input parameters of wind turbine (the data are taken from DesignBuilder and Fluent).

Input Parameter Input Parameter

Operation type 24/7 Cut-out wind speed (m/s) 25
Rotor type (rev/min) Vertical Axis Wind Turbine Cut-in wind speed (m/s) 3.5
Rotor diameter (m) 1.515 Maximum tip speed ratio 1.51
Number of blades 3 Maximum power coefficient 0.26

Rated power output (W) 305 Annual local average wind speed (m/s) 10
Rated wind speed (m/s) 10 Power control Fixed-speed variable-pitch

Transport equations are used to calculate the turbulent kinetic energy (Equations (1) and (2)):

∂

∂t
(ρk) +

∂

∂xi
(ρkui) =

∂

∂xj

(
Γk

∂k
∂xj

)
+ Gk + Yk ++Sk + Gb (1)

∂

∂t
(ρω) +

∂

∂xi
(ρωui) =

∂

∂xj

(
Γω

∂ω

∂xj

)
+ Gω + Yω ++Sω + Gωb (2)

It is worth noting that the equations for the calculation of turbulent kinetic energy
are proposed by the authors. In these two equations, Gk is the turbulent kinetic energy
due to mean velocity gradients. Gω denotes the generation of ω. Γk and Γω refer the
effective diffusivity of k and ω, respectively. Yk and Yω symbolize the dissipation of k and
ω, respectively, due to turbulence. Gk and Gωb account for buoyancy terms. Sk and Sω are
defined by the user as source terms [45].

The power coefficient, toque coefficient, tip speed ratio, and wind turbine efficiency
are obtained from the following equations, respectively:

CP =
PTurbine
Pavailable

=
PTurbine

0.5ρASV3 (3)

CT =
T

0.5ρASV2R
(4)

λ =
ωR
V

(5)

η =
PTurbine

0.5ρASV3 × 100% (6)

where:

PTurbine: power output (watts).
ρ: air density (kg/m3).
AS: swept area (m2).
V: wind speed (m/s).
T: torque (N.m).
R: radius of the rotor (m).
ω: angular velocity (rad/s).

2.4.3. Case Three: Green Structure Applications

To measure the effects of green system installations, the ivy species Hedera Canariensis
Gomera is applied to the residential building. This plant is used as it grows easily in the
Hatay region, making it suitable for assessing the impact of such applications.

Additional layers employed in the baseline model for the purpose of the green walls
are shown in Figure 13 below. It should, however, be noted that after the applying soil,
a 200 mm thick vegetation layer is incorporated. It consists of an 89 mm overlaid air
gap, 10 mm PVC, 50 mm wool fiber slab, 200 mm of cultivated peat soils, and a 200 mm
vegetation layer over the present wall’s layers.
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Figure 13. Layers of green structure (developed by the authors).

Table 4 displays the characteristics of Hedera Canariensis Gomera, which are utilized as
input data for the wall in DesignBuilder Software.

Table 4. Specifications for green wall plant (the data are adopted from DesignBuilder).

Input Parameter Input Parameter

Conductivity (W/mK) 0.4 Leaf Reflectivity 0.22
Specific Heat (J/kgK) 1100 Leaf Emissivity 0.95

Density (kg/m3) 641 Max. Vol. Moisture Cont. Sat. 0.5
Height (m) 0.1 Min Residual Vol. Moist. Content 0.01

Leaf Area Index (LAI) 2.7 Initial Vol. Moist. Content 0.15
Min. Stom. Res. (s/m) 180

Hedera Canariensis Gomera is used for three sides of the case building, except in the
south direction due to the PV panels. With this plant’s ability to climb, it can easily grow in
these climates and dry temperatures. Figure 14 below shows the application of the plant to
three sides of the building.
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3. Results and Discussion

Table 5 depicts the annual meteorological data for the Kurtlusarımazı/Hatay zone
used in the simulations.

Table 5. Meteorological data results of Kurtlusarımazı/Hatay.

Parameters Unit Maximum Median Minimum

Air temperature ◦C 35 20 5

Wind speed m/s 12 10 3

Total solar radiation kWh/m2 day 1700 1650 1514

Therefore, the power of each wind turbine is computed as 305 watts with a 1.95 m2

swept area for each turbine and a 190 rev/min rotor speed. The torque of each wind turbine
is 15.533 N.m.

We performed an analysis of the distribution of dynamic pressure and velocity mag-
nitude, along with the flow streamlines, surrounding the turbine blades under a wind
velocity of 10 m/s. Figure 15a,b show 3D and 2D representation of the turbine with a
dynamic pressure with a scale ranging from 0.00107 Pa to 254 Pa. The 3D and 2D velocity
magnitude of the airflow is shown, with a 19.8 m/s maximum speed, focusing on the
velocity magnitudes near the turbine blades and the surrounding area.

After integrating all cases as discussed previously in Section 3, the results obtained for
each case are shown in Table 6.

The energy consumption of the baseline model was estimated to be 182.4 KWh/m2

per year. The most effective energy-saving strategy was found to be PV panels (case1)
with an energy consumption decrease of 18% compared to the baseline model. On the
other hand, by applying 42 IceWind turbines equipped with three blades, the simulated
building’s annual energy consumption was determined to be 166.9 kWh/m2. In other
words, by integrating wind turbines into the existing building, energy consumption was
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reduced by 8.5% annually. When Hedera Canariensis Gomera was used for the walls, this
energy-efficient design strategy decreased total energy consumption by 4.1% compared to
the baseline model. It is crucial to note that only cooling energy consumption is decreased
in this design strategy. On the other hand, when all energy-efficient design strategies were
applied together, a 28.5% energy saving was achieved compared to the baseline model. The
combined application of green structures, solar panels, and wind turbines offers significant
energy savings and efficiency improvements over implementing each technology separately.
By leveraging the complementary nature of solar and wind energy, optimizing the use
of space, and incorporating energy-efficient building designs, the integrated approach
maximizes energy production and minimizes consumption, leading to the most effective
and sustainable energy solution.
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Table 6. Simulation results for all cases.

Model Name Energy Consumption (kWh/m2) Energy Saving %

Baseline model 182.4 -
Case 1 149.6 18
Case 2 166.9 8.5
Case 3 174.9 4.1

All cases together 130.5 28.5

Energy-efficient design strategies such as PV panels, small-scale wind turbines, and
the application of green walls play a crucial role in shaping the sustainability of newly
designed buildings after major earthquakes. These strategies not only contribute to reduc-
ing environmental impact but also offer economic benefits and enhance overall comfort
and well-being for occupants. Thin-film PV panels are a popular choice for integrating
renewable energy sources into novel building designs. By incorporating PV panels into
building designs, architects and engineers can significantly decrease the carbon footprint
of buildings and contribute to mitigating climate change. Additionally, advancements
in PV technology have led to more efficient and cost-effective solutions, making them
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increasingly attractive for new building projects. Regions such as Hatay, Türkiye, have
significant potential for implementing thin-film PV panels, as evidenced by the findings of
this study.

Small-scale wind turbines are another energy-efficient design strategy that can be
integrated into building designs, especially in areas with suitable wind conditions. When
combined with PV panels, small-scale wind turbines can further enhance the overall energy
production of a building, making it more self-sufficient and reducing reliance on the grid.
The novel IceWind turbine design presented in this study could assist designers and
architects in creating new energy-efficient buildings.

Green walls offer numerous benefits, including improved air quality, thermal insu-
lation, and aesthetic appeal. From an energy-efficiency perspective, green walls can help
regulate indoor temperatures, reduce the heat island effect, and lower the energy required
for cooling and heating. Additionally, they contribute to biodiversity and create a healthier
and more enjoyable indoor environment for occupants.

Incorporating these energy-efficient design strategies requires careful planning, in-
tegration, and optimization to maximize their effectiveness. Factors such as building
orientation, climate conditions, site-specific considerations, and local regulations play a
crucial role in determining the optimal deployment of PV panels, small-scale wind turbines,
and green walls. Collaborative efforts between architects, engineers, sustainability experts,
and stakeholders are essential to ensure the successful implementation of these strategies
in newly designed buildings.

Overall, energy-efficient design strategies such as PV panels, small-scale wind turbines,
and green walls offer a holistic approach to creating sustainable and environmentally
friendly buildings. By embracing these technologies and design principles, we can move
towards a more energy-efficient and sustainable built environment for the future.

One can question the feasibility of these design strategies. Table 7 depicts the invest-
ment and operational costs of these strategies. The pay-back period of the combined strate-
gies is calculated to be 7.4 years considering a local electricity price of USD 0.07 per kWh.
Note that labor prices and VAT are included in the table.

Table 7. Economic feasibility analysis for all cases.

Model Name Energy Saving Capital Cost
(USD per Unit)

Operational
Cost

(USD per Unit)

Pay-Back Period
(Years)

Baseline model - - - -

Case 1 18 515 20 5.7

Case 2 8.5 2000 50 11.3

Case 3 4.1 758 68 7.1

Combined 28.5 3273 138 7.4

The findings of this study are primarily based on computer simulations due to the
earthquake; therefore, it is crucial to validate the data to ensure the results are reliable
and accurate. Some approaches to validating the data include field measurements after
the construction of the building, comparisons of the data with other simulation tools, and
validation through pilot projects in the earthquake zone.

4. Conclusions

This study demonstrated that the effective integration of sustainable energy prac-
tices, such as Vertical-Axis Wind Turbines (VAWTs), Photovoltaic (PV) panels, and green
walls, significantly reduced energy consumption in residential buildings in Hatay, Türkiye.
Through modeling and analysis using ANSYS Fluent and DesignBuilder, the results con-
firmed the efficacy of these strategies individually and their collective impact as part of an
integrated approach.
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Integrating PV panels resulted in an 18% reduction in energy consumption, while
the use of small-scale IceWind turbines contributed to an 8.5% decrease. Additionally,
green wall implementation led to a 4.1% reduction in energy usage. When combined, these
strategies achieved a substantial 28.5% decrease in total energy consumption. Moreover,
the integrated approach not only reduced energy consumption, but also enhanced envi-
ronmental quality by leveraging renewable sources over non-renewable ones, including
passive and active solutions.

This study sets a precedent for implementing sustainable solutions in urban areas,
especially those recovering from disasters such as major earthquakes, while searching for
improved energy efficiency. Further research is warranted to explore the long-term effects
of these strategies and expand their implementation to diverse climatic and urban settings,
aiming to maximize planetary sustainability in residential construction.
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