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ABSTRACT

In recent years, residential buildings have seen a notable increase in energy
consumption. To address this, it is crucial for researchers to invest in renewable energy
technologies, aiming to develop highly sustainable and nearly-zero energy buildings.
Many countries are started to commit to this goal, seeking to phase out fossil fuels due
to their harmful environmental effects. Wind energy stands out as a promising
renewable resource, especially in areas with strong wind patterns. This study focuses on
a case in Karaburun, Izmir province, Turkiye, where annual wind speeds range from 6 to
8 m/s and evaluates the performance of two types of small-scale Vertical Axis Wind
Turbines (VAWTS) in reducing energy consumption in a three-story residential building,
along with associated costs. Utilizing advanced simulation tools like ANSYS Fluent and
DesignBuilder Software, the study examines Ice-Wind VAWTs and Savonius VAWTs. The
findings reveal that installing 15 Ice-Wind VAWTs on the building's roof can reduce energy
consumption by approximately 22.5%, with each turbine costing about $2000 and a
payback period of around 14.57 years. Conversely, using 15 Savonius VAWTs can reduce
energy consumption by 36%, with each turbine costing about $2300 and a payback
period of around 8.93 years. These results indicate that the Savonius turbine offers a
faster return on investment compared to the Ice-Wind turbine under the specified
conditions. Overall, this study highlights the significant benefits and cost implications of
integrating renewable energy solutions like VAWTSs into residential buildings.

©2024 Saleh et al. Published by Avanti Publishers. This is an open access article licensed under the terms of the Creative Commons Attribution Non-
Commercial License which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly
cited. (http:/creativecommons.org/licenses/by-nc/4.0/)
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1. Introduction

Global warming has intensified as a result of the substantial rise in energy consumption, spurred by population
growth, economic development, and extensive land use. Research indicates that buildings account for one-third of
global energy consumption, with a large share of this energy still sourced from non-renewable resources such as
gas and fossil fuels [1, 2]. Consequently, it is essential for researchers to implement renewable energy solutions
and adopt diverse energy-efficient design strategies to reduce energy usage in residential buildings [3]. Turkiye has
become the 16th largest energy consumer, experiencing an average annual increase in electricity consumption of
5% over the past 20 years [4].

In 2023, wind and solar energy accounted for about 20% of Turkiye's total energy production, yet there is still
significant untapped potential in these resources [5, 6]. According to a report by the International Renewable
Energy Agency (IRENA) for the G20, achieving temporal and geographical flexibility in the power system
necessitates a variety of solutions, tailored to the system's characteristics and the availability of wind and solar
energy [7].

Modern research has focused on the need to improve energy efficiency relating to building construction by
using new generation technologies and materials. For instance, the incorporation of smart building systems, like
intelligent energy management systems and IoT connected devices can bring down the energy consumption
greatly [8-10]. Further, the use of high performing insulation materials and energy efficient windows is very
important in reducing energy consumption and effective thermal comfort [11-13]. The implementation of
sustainable energy solutions including photovoltaic and wind turbine have also been proven to reduce
significantly the carbon footprints in dwelling and commercial buildings [14-16]. Also, policy management
structures and monetary motivators have been recognized to play a major role in encouraging the use of these
technologies towards realizing sustainability objectives [17-19]. Moreover, energy harvesting storage and
technologies for transparency in building constructions to address the effective balance of energy needs in
buildings with that of natural lighting. Comprehensive policies in the developing countries are also providing a
boost to the establishment of renewable energy systems in the building sector [20-22].

This study focuses on the novel application of Ice-Wind and Savonius VAWTs in urban residential settings,
providing a comparative analysis of energy efficiency and economic feasibility, including payback periods. This
research fills a gap by exploring these turbines' practical integration into residential buildings, a less-explored area
in the literature.

Fig. (1) shows how energy consumption is distributed across various sectors. The transport sector is the largest
consumer, making up 29.2% of total energy use, and includes road, rail, air, and maritime transportation. The
residential sector comes next, with households consuming 27.9% of the energy for heating, cooling, lighting, and
appliances. The industrial sector, which encompasses manufacturing, construction, and mining, accounts for
25.6% of total energy consumption. The services sector, which includes commercial buildings and services, uses
13.8% of the energy. Finally, the "Other" category represents 3.6% of energy consumption. This distribution
underscores the significant energy demands of the transport and residential sectors, highlighting the need for
focused energy efficiency measures in these areas to achieve overall energy saving.

Numerous recent studies have been conducted focusing on wind energy, exploring its potential, efficiency, and
implementation strategies. For instance, Calautit and Johnstone [23] examined small-scale wind energy
technologies for building integration, focusing on wind turbines and vibration systems. Despite challenges like
turbulence and structural compatibility, these technologies can generate power from milliwatts to kilowatts,
suitable for low-powered sensors. Significant research gaps remain, especially in practical applications and
comprehensive analyses. Xu et al. [24] used high-resolution numerical simulations to study vertical axis wind
turbine (VAWT) arrays between buildings. They found that VAWT arrays increased power coefficients by 30% due
to the blockage effect and performed best in contraction acceleration or expansion deceleration regions. Wind
direction significantly impacted power output, with optimal conditions improving power coefficients by up to 33%.
Skvorc and Kozmar [25] analyzed factors affecting wind energy harnessing on tall buildings. They emphasized
wind resource assessment, building aerodynamics, and turbine design, favoring VAWTs for their efficiency and
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lower noise in urban environments. Case studies like the Bahrain World Trade Center demonstrated potential but
highlighted the need for accurate assessments and design. Significant research gaps remain, requiring further
optimization for urban wind energy systems. Jooss et al. [26] studied the performance of a Savonius VAWT on
model buildings. They found that turbine placement significantly affects power output, with the best performance
at the front and center of the first building and increasing from front to back on the second. The turbine can alter
available power by up to 84%, with central positions offering a good balance for urban wind energy.

25.6%

Transport m Households Industry Services Other

Figure 1: Energy consumption by sector (developed by authors).

Recent studies have explored the performance of vertical axis Ice-wind turbines. Afify [27] investigated the Ice-
Wind turbine's performance, comparing it to the Savonius turbine. Conducted in a wind tunnel, the study found
that a single-stage, three-blade Ice-Wind turbine with end plates, an aspect ratio of 0.38, and a blade arc angle of
112° performed best. The Ice-Wind turbine showed slightly higher static torque and rotational speed than the
Savonius turbine, despite being more complex to manufacture, and it had a better appearance and produced less
noise. Mansour and Afify [28] evaluated the Ice-Wind turbine using 3D numerical simulations with the SST K-w
model at 15.8 m/s. The Ice-Wind turbine shows slightly higher static torque (0.055 Nm) than the Savonius turbine
(0.052 Nm) and generates larger, more three-dimensional vortices. Despite its manufacturing complexity, the Ice-
Wind turbine has a better aesthetic and marginally improved aerodynamic performance, suggesting potential
efficiency gains. Gad et al. [29] experimentally evaluated two, two-reversed, three, and four-blade Ice-Wind
turbines. Using wind tunnel tests at 6-14 m/s, they measured static torque and rotational speed. The three-blade
design showed the highest performance, with superior static torque and rotational speed, and was recommended
for its efficiency and reduced noise. Turhan and Saleh [30] integrated 40 small-scale three-blade Ice-Wind turbines
into a building at istanbul Airport. Using a dynamic energy simulation tool, they achieve a 9.3% reduction in the
building's annual energy consumption. The study demonstrates the significant energy-saving potential of Ice-Wind
turbines when integrated into buildings.

Recent studies on Savonius wind turbines have focused on improving efficiency through blade design. This
enhancement shows promise in increasing performance, making Savonius turbines a viable option for small-scale
renewable energy applications. Yigit [31] optimized an S-rotor Savonius wind turbine using the RSO method. By
varying aspect ratio, overlap ratio, quarter blade gap ratio, and fin configuration, the optimized S-rotor achieves a
power coefficient (Cp) of 0.104, a 65% improvement over the reference rotor's 0.063 Cp. This design increases
positive torque on the advancing blade and reduces negative torque on the returning blade, enhancing overall
performance. Le et al. [32] improved a Savonius wind turbine's performance using an airfoil-shaped blade based
on the FX74-CL5-140 airfoil. The new design achieves a power coefficient peak 16.5% higher than the original at a
TSR of 1.1, increasing efficiency and making it suitable for urban applications. Shanegowda et al. [33] conducted a
3D simulation study on Savonius hydrokinetic turbines. They find that a two-blade design achieves the highest
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torque coefficient of 0.295 and a power coefficient of 0.217, outperforming four-blade designs. Increasing blade
numbers beyond two reduces performance due to higher drag forces. The study underscores the importance of
optimizing blade design for better turbine efficiency and power output. Efendi et al. [34] optimized a Savonius
wind turbine for residential use in Indonesia. They find a 45° twist angle at 5 m/s yields the best performance,
achieving a Cp of 0.25 and generating 494.9 W. A grid-connected system reduces energy costs by 10.8% and CO2
emissions by 53.71%. Torres et al. [35] improved a Savonius wind turbine using Computational Fluid Dynamics
(CFD) and response surface methodology. The optimal design has an AR of 8.38, OR of 0.08, TA of 174.05°, and two
blades, achieving a Cp of 0.21 at 12 m/s wind speed. This design provides continuous positive torque and a
maximum power output of 160 W. Sonawane et al. [36] examined three Savonius rotor designs for low wind
speeds using CFD simulations. The helical Bach rotor performs best, achieving a Cp of 0.35. Validation with a
MATLAB Simulink model confirms its superior efficiency and power output for urban applications. Gemayel et al.
[37] used LES-based CFD to study Savonius wind turbines at different Tip Speed Ratios (TSRs) and found good
agreement with wind tunnel data for TSRs between 0.6 and 1.2, showing the method's effectiveness for optimizing
turbine designs. This approach offers a cost-effective alternative to wind tunnel experiments. Salazar -Marin and
Rodriguez-Valencia [38] designed and tested a Savonius wind turbine, validating it through simulations and wind
tunnel experiments. The turbine achieves a power coefficient of 0.2, generating over 100 W at 10 m/s wind speed
with a 1 m2 sweep area. Redchyts et a/. [39] studied the aerodynamic performance of Darrieus and Savonius wind
turbines using CFD. The power coefficient of Darrieus rotors increases from 0.15 to 0.5, while the two-blade
Savonius design achieves a higher power coefficient (0.23) than the three-blade design (0.19).

2. Methods

A case study was conducted on a building in Karaburun, Izmir, Turkiye, to implement wind turbine strategies.
Initially, the building's energy consumption was simulated without any interventions to establish a baseline, which
included both fuel and electricity usage. The study then investigated two types of Vertical Axis Wind Turbines
(VAWTS): Ice-Wind Turbines and Savonius-type turbines, independently. The findings were compared to assess the
effectiveness of each turbine type in reducing the building's overall energy consumption. Fig. (2) presents the flow
chart of this study.

Start End
Good
Convergence Compare Energy Savings: With vs.
Without Turbines
Select Optimal Location Based on Average
Numerical Wind Speed Analysis
Results
Analyze Energy Consumption Reduction
with Turbines
Simulation
Baseline Energy Consumption Modeling in
DesignBuilder
Ice-Wind Savonius
Turbines Turbines
Mesh
Model Geometry CFD Analysis of Turbines Performance in . L . .
T ANSYS Fluent Integrate Wind Turbines in DesignBuilder

Figure 2: Flow chart of the study.
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2.1. Climate and Location Analysis

lzmir, positioned in western Tlrkiye at coordinates (latitude 38.42° N, longitude 27.14° E), is classified under
the Csa (Mediterranean) climate zone according to the K&ppen-Geiger climate classification, an essential tool in
climatology [40]. The Karaburun district within Izmir was selected for this study due to its optimal wind conditions.
Fig. (3) shows the location of Izmir and the average wind speed in the Karaburun region [41].
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Figure 3: Location of Karaburun and average wind speed [41].
2.2 Case Building Design

The case study focuses on a residential building in the Karaburun district of Izmir, Turkiye. This two-storey
structure, shown in (Fig. 4), includes a ground floor with two bedrooms, four bathrooms, a living room, a family
room, a kitchen, a dining room, and storage. The first-floor features four bedrooms, four bathrooms, three
dressing rooms, and a balcony. The total area of the building is 397 m?2.

The building parameters are based on architectural drawings. Table 1 outlines the design criteria and features
of the case study building. These sequential layers were referenced from [42].

The flat roof construction includes layers of gravel (0.03 m thickness, 2 W/mK thermal conductivity), bitumen
felt/sheet (0.004 m thickness, 0.23 W/mK thermal conductivity), roof screed (0.03 m thickness, 0.41 W/mK thermal
conductivity), foam polyurethane (0.08 m thickness, 0.028 W/mK thermal conductivity), and reinforced concrete
(0.18 m thickness, 2.3 W/mK thermal conductivity). The ground floor comprises carpet/textile flooring (0.015 m
thickness, 0.06 W/mK thermal conductivity), floor screed (0.05 m thickness, 0.41 W/mK thermal conductivity),
reinforced concrete (0.12 m thickness, 2.3 W/mK thermal conductivity), foam polyurethane (0.07 m thickness,
0.028 W/mK thermal conductivity), and sand and gravel (0.21 m thickness, 2 W/mK thermal conductivity). The
external walls are made up of cement sand render (0.015 m thickness, 1 W/mK thermal conductivity), EPS
expanded polystyrene (0.08 m thickness, 0.046 W/mK thermal conductivity), medium concrete block (0.25 m
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thickness, 0.51 W/mK thermal conductivity), EPS expanded polystyrene (0.03 m thickness, 0.046 W/mK thermal
conductivity), and gypsum insulating plaster (0.015 m thickness, 0.18 W/mK thermal conductivity).
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Figure 4: Architectural drawings of the Residential plan.
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Table 1: Basic design features.

The Building Construction Properties Baseline Model
Number of storeys 2
Overall storey area 397 m?
Number of spaces 26
External walls (U-value) 0.317 (W/m?K)
Internal walls (U-value) 1.923 (W/m?K)
Roof (U-value) 0.314 (W/m?K)
Ground floor (U-value) 0.309 (W/m?K)
Glazing type + U-value Reference glazing with 1.978 (W /m?K)

2.3. Energy Simulation Analysis

An hourly dynamic building simulation tool, DesignBuilder, was utilized to simulate the baseline model and
various energy-efficient design strategies [43]. The materials for the case building were sourced from architectural
drawings, and the construction model adheres to the values specified in Table 1. Fig. (5) shows the three-
dimensional baseline model. To ensure accurate results, the building simulated weather data from IZMIR-TUR
IWEC was used. The simulation considers three scenarios: The first one without any solutions, and the other
solutions are small-scale Ice-Wind and Savonius turbines.

Figure 5: Energy Simulation Model of the Case Building.

2.4. Retrofitting Strategies

Two energy-efficient design strategies were applied to the case building. The objective of these strategies was

to evaluate their impact on lowering energy consumption in residential buildings and reducing environmental
pollution by utilizing sustainable energy sources.
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2.4.1. Case One: Building-Integrated Ice-Wind Turbine

A small-scale Ice-Wind turbine was designed for the case building, featuring fifteen turbines mounted on the
roof. These turbines were carefully arranged to make optimal use of the rooftop space and maximize wind energy
capture, with appropriate spacing to prevent aerodynamic interference. The turbine blades were designed by
Saleh et al. [44] using SolidWorks software [45], resulting in each turbine having a diameter of 0.757 [44] and a
height of 1.456 m, and a swept area of 1.95 m?, as calculated by the software. Fig. (6) illustrate the design of the
Ice-Wind turbine. Fig. (7) shows the design of the three-blade Ice-Wind Vertical Axis Wind Turbine (VAWT) mounted
on the case building.

364

1092

Figure 6: [ce-Wind turbine dimensions.

>

Figure 7: Ice-Wind turbines mounted on the building (developed by authors).
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2.4.2. Case Two: Building-Integrated Savonius Wind Turbine

A small-scale Savonius turbine setup was developed specifically for the case building, incorporating fifteen
turbines installed on the roof. The blades for these turbines were crafted using SolidWorks software, giving each
turbine a diameter of 1.515 m, a height of 1.456 m, and a swept area of 2.28 m?, as determined by the software.
Fig. (8) illustrates the design of the two-blade Savonius type. Fig. (9) depicts three concrete beams on top of the
case building, supported by columns proportional to the size of the structures. Each concrete column houses five
Savonius wind turbines. These turbines were strategically distributed across the building to reduce energy
consumption in the case study building.

=H

wosy'T

Figure 8: Savonius Wind Turbine Dimensions.

Figure 9: Savonius turbines mounted on the building (developed by authors).
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Airflow simulations around the Savonius turbine were carried out using a 3D domain with dimensions of 9m x
5m x 4m in ANSYS Fluent Software [46]. The model includes a velocity inlet boundary where wind enters at 11.67
m/s, a pressure outlet for air exit, and no-slip boundary conditions on all remaining surfaces.

The simulation employed a tetrahedral mesh with 927,629 nodes and 5,053,136 elements, chosen to enhance
result accuracy. The study utilized the Shear Stress Transport (SST) K-w model, known for its precision in predicting
the aerodynamic performance of VAWTs [47, 48]. Fig. (10) presents the boundary conditions and the mesh of the
Savonius wind turbine domain from a side view.

Savonius
Wind
Velocity
No-slip inlet
wall
boundary

Asure

outlet
\
2

0.000 4.500 9.000 (m)

@)

2.250 6.750

(b) 0.000 2,000 40‘00 (m)
— —

1.000 3.000
Figure 10: Savonius model in Ansys: (a) The Savonius turbine and domain dimensions (m); (b) Mesh of the Savonius turbine
domain from side view.

The average wind speed for the Karaburun location is recorded at 7.78 m/s. Simulation results indicate that the
rated power output reaches 502 W, with the rotor operating at a speed of 200 rev/min and a tip speed ratio of 1.38.
Table 2 details the input parameters for the building-integrated wind turbines.

The transport equations are used to calculate the turbulent kinetic energy equations (2.1) and (2.2):

d d d ok

axi 6X} axj
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d d d Jw
T (pw) + 6_3Q (pwuy) = 6_xj<r‘“ E) +G,+Y,++S, +Gup (2.2)
Table 2: Input parameters of wind turbine.
Input Parameter Input Parameter
Operation type 24/7 Cut out wind speed (m/s) 3.5
Rotor speed (rev/min) 200 Cut in wind speed (m/s) 25
Rotor diameter (m) 1.515 Maximum tip speed ratio 1.38
Number of blades 2 Maximum power coefficient 0.23
Rated power output (W) 502 Annual local average wind speed (m/s) 7.78
Rated wind speed (m/s) 10 Power control Fixed speed variable pitch

In these two equations, G, is the turbulence kinetic energy due to mean velocity gradients. G, denotes the
generation of w. [} and I, refer the effective diffusivity of k and w, correspondingly. ¥, and Y, symbolize the
dissipation of k and w, respectively, due to turbulence. G, and G, account for buoyancy terms. S, and S, are
defined by the user as source terms [49].

Obtaining rated wind speed [50] from equation (2.6). The power coefficient, toque coefficient, and tip speed
ratio are obtained from the following equations correspondingly:

C, = PTurbine — PTurbine (2 3)
i Pavaitapie  0.-5pAgV3 .

T

= (2.4)

0.5pAsV?R

R.w

A= 2.5

4 (2.5)

Viatea = 1-5Vaverage (2.6)

Prurpine: POWer output (watts)

p: Air density (kg/m?)

Ag: Swept area (m?)

V: Wind speed (m/s)

T: Torque (N.m)

A: Tip speed ratio

R: Radius of the rotor (m)

w: Rotational speed (rad/s)

Vyateq: Rated wind speed (m/s)

Prurbine refers to the turbine's power output in watts, while Asdenotes the swept area of the rotor in square
meters (m2). p (rho) is the air density in kg/m3, and V represents wind speed in meters per second (m/s). T

indicates torque in newton-meters (Nm), R is the rotor radius in meters (m), and w (omega) signifies the angular
velocity in radians per second (rad/s).

The Ice-Wind turbine was analyzed using a similar CFD approach as the Savonius turbine. The simulation
involved setting up a 3D domain with appropriate boundary conditions, including a velocity inlet, pressure outlet,
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and no-slip conditions on solid surfaces. A tetrahedral mesh was utilized to ensure accurate resolution of flow
features, and the SST k-w turbulence model was employed for its reliability in predicting aerodynamic
performance. The analysis focused on the distribution of pressure and velocity around the turbine blades, with
results indicating the flow patterns and potential areas for optimization.

To assess the economic feasibility of the small-scale wind turbine, determining the payback period. This crucial
financial metric indicates the time needed to recover the investment in the wind turbine through its energy
savings or generated revenue. The payback period is computed using the following equation:

Total Initial Investement

Payback Period = (2.7)

Annual Net Savings or Revenue

3. Results and Discussion

Used dynamic and velocity pressures to understand flow dynamics and their impact on turbine performance.
Our focus was on assessing aerodynamic efficiency and energy capture potential, rather than detailed blade
design, aligning with our study's emphasis on the practical application of Ice-Wind and Savonius turbines in urban
residential settings.

The dynamic pressure distribution indicates a peak value of 226.0 Pa and a minimum of 3.49e-06 Pa, with high-
pressure zones on the wind-facing edges of the blades and low-pressure areas in the wake behind the blades. The
velocity magnitude distribution shows a maximum of 19.1 m/s and a minimum of 1.91e-06 m/s Fig. (11), with high
velocities at the blade tips and gaps, essential for energy capture, and low velocities behind the blades signifying
turbulence.
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Figure 11: Pressure distributions and velocity magnitude of Savonius turbine: (a) Dynamic pressure; (b) velocity magnitude.

The analysis focuses on the distribution of dynamic pressure and velocity magnitude, as well as flow
streamlines around the turbine blades under a wind speed of 10 m/s. Fig. (12a) presents the turbine in both 3D
and 2D views, displaying dynamic pressure values ranging from 0.00107 Pa to 254 Pa. Fig. (12b) shows the airflow
velocity magnitude in 3D and 2D, with a peak speed of 19.8 m/s.
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Figure 12: Pressure distributions and velocity magnitude of Ice-wind turbine: (a) Dynamic pressure; (b) velocity magnitude [44].

Upon integrating all previously discussed cases in Section (2), the results for each scenario are detailed in the

Table 3 below:

Table 3: Simulation results for all cases.

Model Name Energy Consumption (KWh/m?) Energy Saving % Payback Period (Years)
Baseline model 155.7

Case 1 120 22.5 14.57

Case 2 99.6 36 8.93

The economic assessment of the turbines incorporated an initial investment of $2,000 and an annual
maintenance cost of $50. The Savonius turbine, with a rated power output of 502 watts, was estimated to
generate 4395.12 kWh annually, while the Ice-Wind turbine, with a rated power of 305 watts, was projected to
produce 2674.8 kWh annually. Considering the local electricity price of $0.07 per kWh, the payback periods were
calculated, showing that the Savonius turbine could achieve a payback period of 8.93 years with a 36% energy
saving, while the Ice-Wind turbine had a longer payback period of 14.57 years with a 22.5% energy saving.

The materials and thermal conductivity parameters used in the simulation are crucial for accurately modeling
the energy consumption of the building. The chosen materials reflect common construction practices in lzmir,
Turkey, and are aligned with the local standards, such as those specified by the Turkish Standards Institution (TS
825). These parameters significantly impact the building's thermal performance and energy consumption, thereby
providing a realistic baseline for the analysis of energy savings achieved through the integration of wind turbines.

The integration of these wind turbines into residential buildings resulted in significant energy savings. The
baseline model, with an energy consumption of 155.7 kWh/m?, was reduced to 120 kWh/m2? with the
implementation of Ice-Wind turbines, achieving a 22.5% reduction. In contrast, the use of Savonius turbines
brought the energy consumption down to 99.6 kWh/m2, resulting in a 36% reduction. These results show the
effectiveness of Savonius turbines in reducing overall energy consumption and highlight their potential for
broader application in residential buildings to enhance sustainability and reduce environmental impact.
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The payback period calculation for both the Ice-Wind and Savonius turbines includes a detailed cost analysis of
purchase expenses, installation, and maintenance. The initial purchase cost for each Ice-Wind turbine is
approximately $2000, while each Savonius turbine costs about $2300. Installation costs are estimated at $500 per
turbine, which covers labor and necessary equipment. Additionally, an annual maintenance fee of $50 per turbine
is factored into the analysis to account for routine checks and minor repairs. While the current analysis does not
include any subsidies or incentives, it is worth noting that potential government grants or tax incentives for
renewable energy installations could significantly reduce the payback period. Moreover, long-term maintenance
and potential degradation of the turbines could affect actual pay-back period.

In discussing the findings, it is important to acknowledge certain limitations. The results are based on
simulations specific to Izmir's wind conditions and a single building type, which may limit their generalizability to
other regions and building configurations. Additionally, assumptions made during the simulations, such as the use
of idealized wind conditions and building models, could influence the outcomes. These factors should be
considered when applying the findings to different contexts, and further research is needed to explore the
scalability and adaptability of these solutions in diverse environments.

4. Conclusion

This study has demonstrated the significant potential of integrating small-scale vertical axis wind turbines
(VAWTS) into residential buildings to reduce energy consumption and promote sustainability. By focusing on two
types of VAWTSs, the Ice-Wind and Savonius turbines, we were able to compare their efficacy and economic
feasibility. The Savonius turbine emerged as the more efficient option, providing a 36% reduction in energy
consumption with a relatively short payback period of 8.93 years, compared to the Ice-Wind turbine's 22.5%
reduction and 14.57-year payback period.

Dynamic pressure and velocity distribution analyses underscored the importance of blade design and
placement in optimizing turbine performance. High-pressure zones on the windward side and high velocities at
the blade tips were critical for maximizing energy capture. The study's economic evaluation, considering initial
investment and maintenance costs, further validated the practicality of these renewable energy solutions.

The findings from this research highlight the tangible benefits of integrating VAWTs into residential
infrastructure, particularly in regions with favorable wind conditions like Karaburun, Izmir. By reducing reliance on
fossil fuels and lowering overall energy consumption, these turbines contribute to the global efforts toward
achieving near-zero energy buildings. Future research should continue to explore optimization strategies for
turbine design and placement, as well as investigate the long-term performance and durability of these systems in
various climatic conditions.

In conclusion, the adoption of Savonius and Ice-Wind turbines represents a viable and effective approach to
enhancing energy efficiency in residential buildings, paving the way for more sustainable and environmentally
friendly urban development.
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