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MONOCRYSTALLINE VS. POLYCRYSTALLINE: A
CASE FOR OPTIMAL SOLAR POWER DESIGN iN

TURKEY
Murat TOREN!
Hakki MOLLAHASANOGLU?
Cenk Batur GUZEL®

1. GIRIS

The global shift to renewable energy is essential for
combating climate change, reducing greenhouse gas emissions,
and achieving sustainable energy security. Among renewable
sources, solar energy stands out due to its abundance and sus-
tainability. Photovoltaic (PV) systems have seen increased adop-
tion across various applications, driven by technological ad-
vancements and cost reductions (Khare, Chaturvedi, ve Mishra
2023; Mohanty vd. 2016). Studies evaluating PV systems have
highlighted the importance of performance indices such as ener-
gy generation capacity and performance ratios (PR). For in-
stance, a 2.07 kWp system in Norway achieved a PR of 83.03%,
while another in Slovenia recorded 68.84%, emphasizing the
role of module orientation and tilt angle (Marwan, Suhono, ve
Subekti 2024; Abdul-Ganiyu vd. 2021; Seme vd. 2019). Turkey,
with its significant solar potential (1,500-2,200 kWh/m? annual-

! Asst. Prof. Recep Tayyip Erdogan University, Faculty of Engineering and Archi-

tecture, Electrical and Electronics Engineering, murat.toren@erdogan.edu.tr, OR-
CID: 0000- 0002-7012-7088.

Res. Asst. Recep Tayyip Erdogan University, Faculty of Engineering and Archi-
tecture, Electrical and Electronics Engineering,
hakki.mollahasanoglu@erdogan.edu.tr, ORCID: 0000- 0001-6233-9198.

Std. Recep Tayyip Erdogan University, Faculty of Engineering and Architecture,
Electrical and Electronics Engineering, cenkbatur_guzell7@erdogan.edu.tr, OR-
CID: 0000- 0002-2953-8117.


mailto:murat.toren@erdogan.edu.tr
mailto:hakki.mollahasanoglu@erdogan.edu.tr
mailto:cenkbatur_guzel17@erdogan.edu.tr

Elektrik-Elektronik ve Haberlesme Miihendisligi

ly), has implemented incentives like feed-in tariffs and tax im-
munity to promote solar energy, achieving over 13,000 opera-
tional solar plants by 2024. Despite this progress, the country
still heavily relies on fossil fuels. Regions such as Artvin, with
moderate solar resources and challenging climatic conditions,
benefit from innovations like monocrystalline and polycrystal-
line PV technologies and optimized panel configurations, which
enhance energy output even in less favorable climates (Benli ve
Giirtlirk 2021; Fezzani vd. 2023; Sharma vd. 2022). Economic
factors, including the levelized cost of electricity (LCOE) and
payback periods, are critical for assessing PV projects' viability.
Monocrystalline panels are preferred for their superior efficien-
cy, while polycrystalline panels are cost-effective in constrained
scenarios (Martinez ve Iglesias 2024; Ali ve Najafi 2022; Cinici
ve Acir 2023). This study focuses on a 2 MW solar plant design
in Artvin, comparing monocrystalline and polycrystalline panels
using PV*SOL software. The analysis addresses system optimi-
zation based on local climatic data and evaluates economic im-
pacts, such as payback periods and financial viability (Benli ve
Grtiirk 2021). Technologies like electrostatic cleaning and op-
timized cooling methods have shown potential in mitigating
losses. For example, water-based cooling systems outperform
air-cooled or hybrid methods (Kabeel, Abdelgaied, ve Sathy-
amurthy 2019; Alsharif vd. 2023). Innovative tools such as
PVGIS and PVsyst aid in system design and performance evalu-
ation, as evidenced by studies demonstrating their accuracy in
simulating 1 MWp PV systems (Yadav vd. 2024).

This research aims to guide policymakers and investors
in optimizing solar energy projects, particularly in regions with
moderate solar potential like Artvin. The insights contribute to
advancing renewable energy adoption, ensuring a sustainable
transition to clean energy sources.
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2. MATERIAL AND METHOT

This section details the methodological framework em-
ployed in designing and analyzing the 2 MW solar power plant
located in Ardanug, Turkey (Latitude: 41.1231°N, Longitude:
42.0556°E, Altitude: 580 m). The study combines site-specific
geographical and meteorological data, component selection,
system sizing, and performance simulations to identify the opti-
mal photovoltaic technology for the region.

Table 1 offers a detailed comparison of the physical and
electrical characteristics of the polycrystalline and monocrystal-
line panels employed in this study. Polycrystalline panels were
particularly chosen for their affordability and higher efficiency
under moderate environmental conditions.

Total solar radiation
KWh/m>= yil

I 1400 - 1450
] 1450 - 1500
[] 1s00 - 1550
[] 1550 - 1600
[] 1600 - 1650
[ 1650 - 1700
I 1700 - 1750
I 1750 - 1800
I 1800 - 2000

Figure 1. Annual Solar Radiation of Artvin City [18]

Solar irradiation levels and sunshine durations were ana-
lyzed using historical data to estimate energy potential. The 2
MW solar power plant was designed based on three different PV
technologies: monocrystalline and polycrystalline panels. Each
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technology was evaluated for its energy production efficiency,
spatial requirements, and financial feasibility. Key design pa-
rameters, including module specifications and inverter configu-
rations, were selected to optimize performance while meeting
grid connection standards. Table 1 compares the electrical and
physical characteristics of the polycrystalline and monocrystal-
line panels utilized in this study. Notably, polycrystalline panels
were selected for their cost-effectiveness and superior efficiency
under moderate operating conditions.

Table 1. Main Features of the Modules used in the study

Features Polycrystalline Module | Monocrystalline Module

Model HiKu5 CS3Y435-460P JAM72S20-
450/MR

Country Kanada Cin

Type Polycrystalline Monocrystalline

Price 57 Euros 52 Euros

Product Guarantee 12 Years 12 Years

Maximum Power 450 Wp 450 Wp

Voltage at Maximum | 42.4V 41,52V

Power

Current at Maximum | 10.62 A 10.84A

Power

Open Circuit Voltage 516V 497V

Short Circuit Current 11.28 A 11.36 A

Panel Efficiency 19,10 % 20,30 %
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As part of the selection process for a suitable inverter, a
comprehensive analysis of Turkey's grid requirements and the
inverter market was conducted. Based on this analysis, the
Huawei SUN-2000-100KTL-M1 100 kW Three-Phase Inverter,
manufactured by the German company Huawei Technologies,
was selected. This inverter is distinguished by its high power
density, intelligent design, efficiency, and robust safety features.
It delivers high performance at low costs and is engineered to
function reliably under challenging climatic conditions. The
selection was based on its adherence to Turkey's grid code re-
quirements and its exceptional efficiency.

For a complete system, additional components such as
cables, junction boxes, wires, and other essential elements must
be included during assembly. To estimate these costs, local
companies in Turkey were consulted. The costs encompass op-
eration and maintenance, calculated at 0.02 Euro/Wp, with ca-
bles, junction boxes, wires, and electrical components compris-
ing 1% of the total system cost. Table 2 provides an overview of
the estimated costs for various PV system types.

Table 2. Cost of PV System Installation and Electrical Compo-
nents

System Type Cost per PV Nominal Power
Polycrystalline 0.125 Euro/Wp
Monocrystalline 0.115 Euro/Wp

The sizing of the PV system was conducted using a step-
by-step approach, incorporating various calculations to ensure
accurate design and efficient operation. The AC active power to
be delivered under optimal conditions was calculated based on
the planned output power (3 MW), power factor, inverter appar-
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ent power, and grid voltage. AC active power was determined

using Equation 1, and its dependency on the power factor was
illustrated in Figure 2.

— . 1
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Figure 2. AC Active Power Depending on Power Factor

The DC input power required by the inverter to achieve
the desired AC output power was calculated by taking into ac-
count the inverter's efficiency. This calculation, performed using
Equation 2, yielded a result of 1016 kW.

B
Ppe = % (2)
In this equation, P, represents the DC power of the in-
verter, P, is the AC active power of the inverter, and n denotes
the efficiency of the inverter. The PV array was aligned with the
inverter's power characteristics to establish the nominal power

ratio (NPR). Using Equation 3, the NPR was calculated to be
approximately 96.76%.
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NPR =2t 3)
PpecEn

In this equation, P, is the DC power of the inverter and
Ppccen 1S the PV array power.

Voltage sizing was conducted at both the module and ar-
ray levels. For module-level calculations, the maximum open-
circuit voltage (V,,.,...) and minimum operating voltage
(Vinin.oe) Were computed using Equations 4 and 5, considering
ambient temperature variations and module-specific coeffi-
cients.

(TLow.a—25°C) By
EHHI;DE = VD‘E ' [1 + = nll}l} DE) (4)
_ (Tmax.a—25°C) Bynmer
memc - L':'d'PP '{1 + TS )

o0
®)
Where, V,_ is the open circuit voltage of the module, T is

the expected temperature, f is the temperature coefficient of the
module, V,,zp is the voltage of the PV module at maximum

power. The results for different panel types are presented in Ta-
ble 3.

Table 3. Max. and Min. Output Voltage of All Modules

Type Voe ,Bp-pf Tiow.a Vinaxoc
Maximum
Output Polycrystalline 516V -0.28 °C 15°C 53.04V
\oltage
Monocrystal 49.7V -0.272°C | 15°C 51.09V
Type Vi Bunnp Tmaxa Vinin.oc
Minimum
Output Polycrystalline 424V -0.36 °C 50°C 38.58 V
\oltage
Monocrystal 41,52 V -0.35°C 50 °C 37.89V
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The maximum DC current (I,,,... ») for PV modules un-

der maximum operating temperature was calculated using Equa-
tion 6, with the results summarized in Table 4.

_ (Tmaxa—25°C)=
'{:'J‘lﬂ.?(’.-ﬂlf - "'r_'-'.'lf ' (1 + 100 )

(6)
In this equation, I is the short circuit current of the PV
module, T IS the maximum expected temperature, o is the

TYLEX (2

temperature coefficient of the module.

Table 4. Maximum PV Module Current of Modules

Type Igr o Timaxe Imaxpc
Polycrystalline 11.28 A 0.05 °C 50°C 11.42 A
Monocrystal 11.36 A 0.044°C 50 °C 1148 A

At the array level, the maximum and minimum numbers
of PV modules per string were computed using Equations 7 and
8, ensuring compliance with the inverter's voltage operating lim-
its, with results presented in Tables 5.

N Ve max,ine
max.string — Vinax.oc
(7)
¥ T -
Nm:‘;-z,gr;n:‘;qg = DEMPP . min.inp
Vimin,.oc
(8)

In this equation, N

string

represents the number of PV
modules per string, Vp e o ine denotes the minimum MPP vol-

tage of the inverter, and V,, refers to the voltage of the PV mo-
dule.
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Table 5. Number of PV Modules per Array

Type Ve maxing Viaroc Ninaxstring
Polycrystalline 53.04 V 1500V 28
Monocrystal 51.09V 1500V 29
Type Vor mee Vinoc Nogin string
Polycrystalline 596 V 38.58 V 15
Monocrystal 596 V 37.19V 16

The inverter configuration was established according to
the system requirements. The calculations were performed using
Equations 9 and 10 to determine the minimum and maximum
string numbers per inverter, and the findings are presented in
Table 6.

Ppc.ceEn (9)

Pmax.mod ""'-.srr[ng

n‘:lm':lz,sh*i:lzg =

Ipc.max.ine
Monax String = IDe max string (10)

In this equation, =n is the number of strings,

string
Py cey 1S the power of the string, P, .. ... is the max. power
of the PV module, N is the optimum number of PV mod-

string
ules per string. Ppq ey is 1050 KW I, . ... IS the maximum

input current of the inverter, I ... .oring 1S the max. current of

the string. I, is 1635 A.

C.max . string
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Table 6. Number of Arrays per Inverter

Type Pprcen Pooxmod Nitring Wonin string
Polycrystalline 1050 kW 450 W 27 86
Monocrystal 1050 kw 450 W 28 83
Type Ipcmaxstring | Iprmayine | M'maxstring -
Polycrystalline 11.42 A 1635 A 143 -
Monocrystal 1148 A 1635 A 142 -

An evaluation of the values presented in Table 6 reveals
that the minimum number of strings per inverter, as determined
by string current, is comparable for both Monocrystalline and
Polycrystalline systems. The optimal number of strings per in-
verter is calculated using Equation 11.

1. = n = n

min,.string — "'string — "“max.string

(11)

In this equation, n is the maximum number

max . string

of strings, n is the minimum number of strings and

min,string

n is the optimum number of strings. Table 7 shows the

string
optimum number of strings per inverter.

Table 7. Optimum Number of Arrays per Inverter

Type Nomin string Mo x string Ngtring

Polycrystalline 86 143 101

10
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Monocrystal 83 142 95

An examination of the values in Table 7 indicates that
the optimum number of strings per inverter is the smallest for
Monocrystalline PV modules.

Based on a planned system power of 2000 kW and an in-
verter capacity of 1050 kW, two inverters were determined to be
required. The total number of modules for the system was calcu-
lated using Equation 12.

N =N

string

"1 N

string :

moduls invertar (12)

The total number of modules is lowest in monocrystal-
line systems and highest in polycrystalline systems across all
system types.

Finally, (E,.) and the AC energy delivered to the grid
(E,-) were computed using Equations 13 and 14, respectively.

E.cariv P 7 Ninp
_ Syearly TDC.EEN VNinp
EDI‘.’ - RV (13)

Eac = Epc'n
(14)
In these equations, E,- is the annual PV array energy
production, E, .., is the annual irradiation, Py cgy is the PV
array power, N_inv is the number of inverters, E,. is the annual
PV array AC energy production. Pp. .z, equals 1050 kW,

E equals 1015 kW/m?.

yearly

inw

Using a PV array capacity of 1050 kW and an annual so-
lar irradiation of 1015 kW/m*, the system was estimated to pro-

duce 3,197,250 kWh annually at the DC side and 3,146,094
kWh at the AC side. These calculations provided comprehensive

11
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details on the system's module and inverter requirements, opti-
mal configurations, and total energy output, enabling the as-
sessment of the system’s investment costs and spatial require-
ments.

3. SIMULATION STUDIES AND RESULTS

This study used PV*SOL software for simulating and
optimizing a 2 MW grid-connected solar power plant in Ar-
danug, Artvin. The software, developed by Valentin Software
GmbH, enables detailed analysis of PV systems, including shad-
ing effects, financial modeling, and performance evaluation.

The project involved two module areas using monocrys-
talline and polycrystalline PV panels. The first area housed
2,426 panels (450 W each) on 6,185.6 m* with a 25° tilt and
180° azimuth, using 10 inverters. The second area included
2,868 panels on 6,683.2 m? with 9 inverters. Both systems were
optimized to minimize shading losses and maximize energy
production.

Monocrystalline panels outperformed polycrystalline
ones in specific yield, energy output, and performance ratios,
with PR values 4%-4.4% higher. They also exhibited lower
shading losses (3.6% vs. 6.9%) and reduced CO: emissions,
reinforcing their environmental and operational advantages.

Tablo 8. Gain and Loss values of the system

Monocrystalline Polycrystalline

Loss of gain due to shadowing 3,60% 6,90%
CO: emissions avoided 1.538.483 kg/year | 1.456.413 kglyear
Internal Yield Rate 44,53% 40,53%

12
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Consumption at Standby 444 kWh/Year 455 kWh/Year

The installation of a solar power plant requires an in-
vestment of 1,370,000 Euros. Financial analysis indicates that
the cost of electricity generation per kWh is lower for mono-
crystalline systems (0.021 Euros/kWh) compared to polycrystal-
line systems (0.022 Euros/kWh).Monocrystalline systems
achieved payback within 3.9 years, while polycrystalline sys-
tems required 6.4 years. Annual savings and other financial met-
rics are presented in Table 9.

Tablo 9 Financial Analysis and Profit

Monocrystalline Polycrystalline
Energy Price 0.076 Euro/kWh 0.076 Eu-
ro/kwWh
Charging for excess energy 0.056 Euro/kWh 0.056 Eu-
ro/kwWh
Energy Price Inflation Rate 25% 25%
Depreciation Period (Year) 3,9 6,4
Cost of electricity generation 0.021 Euro/kWh 0.022 Eu-
ro/kwWh
Annual Savings 250.000 Euro 220.000 Euro

13
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Figure 3 presents the energy flow diagram based on the
simulation results of the polycrystalline PV panel system. The
system achieves an annual energy production of 3,099,205 kWh,
whereas the 19 inverters in standby mode consume 455 kWh of
electricity from the grid.

Consumption: 68 814
Standby Consumption ([nverter): 4

M %

Figure 3. Energy Flow Diagram for the Polycrystalline PV Pan-
el System

Similarly, the energy flow diagram for the monocrystal-
line PV panel system is presented in Figure 4. The annual ener-
gy output for this system is 3,273,812 kWh, with a total grid
consumption of 444 kWh by the 19 inverters in standby mode.

%

14



Elektrik-Elektronik ve Haberlesme Miihendisligi

Figure 4. Energy Flow Diagram for the Monocrystalline PV
Panel System

The monthly distribution of the annual energy production
for the monocrystalline PV panel system is shown in Figure 5.
The data indicate that the highest energy production occurs in
May, June, July, and August, while the lowest production is
observed in November and December.

Monocrystalline PV Panel System
T T T T T T T T T T T 1000000

350000 :
i [~ 900000

300000 - - 800000

i | 700000
250000 - :
i} 600000

200000

i 1 500000

Energy Production (kw/h)
Annual Savings (Euro)

150000 - —m— Energy Production (kw/h) =l 400000

| |—®— Annual Savings (Euro)

: : : : : : : : : : : " [ 300000
100000 +~———————T T T T T T T T T

Month

Figure 5. Monthly Energy Production and Savings for the
Monocrystalline PV Panel System

The monthly distribution of the annual energy production
for the polycrystalline PV panel system is displayed in Figure 6.
Similar to the monocrystalline system, the highest energy pro-
duction is achieved in May, June, July, and August, whereas
November and December have the lowest output.

15
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Polycrystalline PV Panel System
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Figure 6. Monthly Energy Production and Savings for the Poly-
crystalline PV Panel System

An analysis of the cumulative cash flow balance reveals
that the solar power plant using monocrystalline PV panels
achieves a return on investment (ROI) of 1.370.000 Euro within
3.9 years. In contrast, the polycrystalline PV panel system
achieves the same ROl in 6.4 years, highlighting the financial
advantage of monocrystalline panels in this setup. In summary,
the simulation results obtained using PV*SOL software for the
proposed solar power plant (SPP) in Artvin demonstrate that,
considering 3.5% shading and other system losses, an annual
energy production of 3,273,369 kWh and annual savings of
9,250.000 Euro can be achieved using monocrystalline PV pan-
els.

The initial application for the SPP project was submitted
on January 28, 2022. Following the completion of administra-
tive processes, permit approvals, and zoning plans, the total pro-
ject cost was estimated at 1.371.015 Euro as of March 25, 2024.
The construction was split into two phases due to budgetary
limitations. The first phase involves the installation of a 1 MW
system on a 6,683.2 m? area within the second module site. The

16
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estimated cost for this phase is 685.000 Euro. The system is
planned for completion by August 17, 2025, marking a signifi-
cant milestone in the utilization of solar energy in the region.

4. CONCLUSION

This study evaluates a 2 MW solar power plant in Ar-
danug, Artvin, using monocrystalline, polycrystalline, and thin-
film PV technologies. Simulations show monocrystalline panels
outperform others, with annual energy production of 3,273,369
kWh, cost savings of 250,000 Euros, and a payback period of
3.8 years. In comparison, polycrystalline panels generate
3,098,751 kWh annually, saving 237,000 Euros with a 6.4-year
payback period. Monocrystalline panels also reduce shading
losses (3.6% vs. 6.9%) and prevent higher CO. emissions
(1,538,483 kg vs. 1,456,413 kg annually).

The project will be implemented in two phases, with the
initial phase, comprising 1 MW, projected to cost 685,000 Euros
and expected to be completed by August 2025. The findings
highlight the importance of choosing efficient PV technologies
tailored to local conditions, supporting monocrystalline panels
for their efficiency, financial benefits, and environmental sus-
tainability. This contributes to Turkey’s renewable energy tran-
sition and offers guidance for optimizing solar projects in mod-
erate solar potential regions.

17
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LABVIEW BASED DATA MEASUREMENT AND LOG-
GING APPLICATION

Batin DEMIRCAN!

1. INTRODUCTION

Carbon monoxide (CO) measurement is increasingly
recognized as a critical component in the broader strategy to
reduce greenhouse gas emissions and mitigate climate change.
Although carbon monoxide is not a direct greenhouse gas, it
plays an indirect role in climate dynamics by influencing the
atmospheric lifetimes of more potent greenhouse gases, such as
methane (CHa) and halocarbons. Specifically, CO reacts with
hydroxyl radicals (OH), which are responsible for the oxidation
of these gases, thereby prolonging their atmospheric lifetimes
and enhancing their warming potentials (Xu et al., 2023). This
highlights the importance of accurately measuring CO emissions
as part of greenhouse gas monitoring efforts. Furthermore, the
food industry, among other sectors, produces significant green-
house gas emissions, making it essential to understand the car-
bon footprint of various technologies to implement effective
mitigation strategies. For example, evaluating the carbon foot-
print of food processing technologies can help identify areas for
improvement and thereby reduce overall emissions (Wrobel-
Jedrzejewska et al., 2016).

This aligns with the broader goal of transitioning to low-
carbon economies, where precise measurements of all green-
house gases, including CO, are vital for developing targeted
policies and technologies aimed at emission reduction. Addi-

! Lect., Balikesir University, Balikesir Vocational School, Department of Electron-

ics and Automation, batindemircan@gmail.com, ORCID: 0000-0002-0765-458X.

22



Elektrik-Elektronik ve Haberlesme Miihendisligi

tionally, advancements in sensor technology enable the simulta-
neous monitoring of CO and CO: emissions, providing critical
data that can enhance combustion efficiency and reduce pollu-
tant outputs from various sources, including vehicles and indus-
trial processes (Thurmond et al., 2016). Carbon monoxide
measurement is essential not only for understanding its role in
atmospheric chemistry and climate change but also for inform-
ing strategies to reduce greenhouse gas emissions across differ-
ent sectors. Accurate monitoring and management of CO emis-
sions can lead to significant improvements in environmental
quality and public health while emphasizing the need for com-
prehensive emission reduction frameworks (Tang et al., 2014).
Moreover, measuring and recording CO levels is of critical im-
portance for various purposes, such as public health, environ-
mental monitoring, and industrial safety. The development of
low-cost and accurate sensors is particularly important for their
widespread adoption in smart cities, where air quality monitor-
ing can significantly impact public health outcomes (Paruchuri
& Rajesh, 2018).

CO measurement in industrial environments is equally
important. Industries such as steel plants and coke production
facilities, which produce CO as a by-product, must implement
stringent monitoring protocols to protect workers from exposure
(Abid & Shams, 2014; Jadoon et al., 2022a). Regular measure-
ments can assist in detecting leaks or unsafe conditions, ena-
bling timely interventions that may prevent health crises among
workers (Jadoon et al., 2022D).

The integration of Arduino technology for carbon mon-
oxide (CO) measurement has garnered significant attention
across various applications, ranging from environmental moni-
toring to automotive safety. Numerous studies demonstrate the
methodologies and implementations of CO measurement sys-
tems utilizing Arduino platforms. For instance, a smart smoking
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area system was developed using MQ-2 and MQ-7 gas sensors
to detect CO levels produced by cigarette combustion (Iswanto
etal., 2019).

The integration of Arduino and LabVIEW has attracted
significant attention across various fields, including education,
automation, and experimental research. Its compatibility with
LabVIEW, a graphical programming environment, enhances its
capabilities by enabling users to create sophisticated user inter-
faces and data visualization tools. For instance, Foresto et al.
highlight the use of LabVIEW's graphical programming capabil-
ities to facilitate serial communication with Arduino, which is
essential for applications in data acquisition systems (Severo
Foresto et al., 2023).

In this study, real-time measurement data from the car-
bon monoxide sensor were transmitted to the Arduino Uno
board. Using the MQ-7 sensor for carbon monoxide measure-
ment, the visualization of measurements for the user in a com-
puter environment was achieved through the student version and
trial edition of LabVIEW software within specified time periods.

2. HARDWARE AND SOFTWARE ARTHITECTURE

The study employed primarily two hardware and soft-
ware components. The first hardware component utilized is the
MQ-7 sensor for measuring CO in the environment. Figure 1
illustrates the MQ-7 sensor module (Hanwei Electronics Co,
2024), featuring an analog output for measurements and a poten-
tiometer circuit to obtain digital output at the desired measure-
ment point.
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Figure 1 : MQ-7 Sensor Module (Ozdisan Elektronik, 2024).

Analog measurements from the data obtained by the
MQ-7 sensor and their transfer to the computer environment
were carried out using the Arduino Uno R3 control board (Ar-
duino, 2024). The Arduino operates at a frequency of 16 MHz
and contains an ATmega328 processor. Figure 3 shows the pin
diagram of the Arduino Uno.

ARDUINO
UNO REV3

Figure 2 : Arduino Uno R3 Pinout.

In the connection established between the MQ-7 sensor
and Arduino, the AO input of the Arduino board was used as the
analog measurement input. Figure 3 shows the hardware com-
ponents used in the study.
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Figure 3 : Hardware Implementation.

The program block prepared in the Arduino IDE soft-
ware, which is freely available, for communication between the
Arduino Uno board and the computer via the serial port is
shown in Figure 4.

const int Ai pin=R0;
int ppm;
void setup() {
Serial.begin (9600);
}
void loop ()
{
ppm= analogRead (Al pin);
Serial.print (ppm);
delay (500);
}

Figure 4 : Arduino Uno Program.

Following the hardware components, the software part
utilized LabVIEW and its components. A screenshot showing
the download of the student license and the duration of use for
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the LabVIEW software is provided in Figure 5 (National In-
struments Corp., 2024).

\l/ LabVIEW Student Software Suite

I I + Read More

DOWNLOADS
LabVIEW Student Software Suite Fall

Supported 05 indows View Release Nates 2019

Release Date
Version Fall 2019 - Oct28/2019

Included
Included Editions Student 2019 5P1

> Supported 05
Application Bitness 64-bit v
> Language
> Checksum
English

File Size
583 MB

Figure 5 : Labview Software Download Screen.

LabVIEW NXG was used as the main application soft-
ware installed on the computer. To install the NXG module, it is
necessary to use the NI Package Manager software found on the
computer. After the installation process, a new ‘VI’ (Virtual
Instrument) was created in the NXG software as shown in Fig-
ure 6.

Edit Run Data View Help
B v I

Figure 6 : NXG, New Project Creation.

In LabVIEW NXG, visual programming is employed,
and the software loop operates on this graphical interface. The
software consists of the ‘Diagram’ and ‘Panel’ sections, where
programmatic connections are made. Fundamentally, the soft-
ware creation takes place in the ‘Diagram’ section. The ‘While
Loop’ structure, shown in Figure 7, should be selected under the
‘Program Flow’ palette.
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Figure 7 : NXG, While Loop.

It was requested that the infinite loop in the software
operates with a delay of 1000 milliseconds intervals. A visual
representation of the delay block used is shown in Figure 8.

L_l Program Flow
X
4 bd E1 B)
T _ (2 ¥
B L 6 B @B G
For Loop While Loop Case Event Loop Sequence
ﬂ Structure Structure
a > (e) (e
" =
Timed Loop  Timed Loop Select Timer Count Wait
|=—‘ Utilities
]

Figure 7 : NXG, Wait Menu.

All software blocks to be implemented in the NXG soft-
ware are contained within the selected ‘While Loop’ structure.
After selecting the program blocks, they were placed sequential-
ly as explained to create the graphical programming structure.
To establish the software connection between NXG and Ar-
duino, a hardware-based serial communication setup was uti-
lized. For serial communication, the ‘VISA’ palette blocks—
‘session in,” ‘configure serial port,” ‘read,” ‘close,” and ‘instru-
ment’—should be selected as shown in Figure 8. With these
selections, the ‘Comport’ number through which the Arduino
hardware connects to the computer is chosen to read data se-
quentially.
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¥
Hardware Interfaces |= COMs J
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344XX [ _vIsa | VISA VISA
Keysight VISA = oa pc O
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— Instrument
All v
Bytes at Port »
i

Figure 8 : NXG, Hardware Interfaces Menu.

A program structure for reading data over the serial port
and recording it to the computer environment has been created,
as shown in Figure 9.

([10000ms?

B
"R

|ﬂcome ‘ p
= — | -
— p— 1= Instrument ‘ & ‘ﬂ‘
- [M®F D Al - ‘T’O,‘ M) read buffer_2 L [
Bytes at Port > = R
e = W — A [~ substring_2
@ None 7 — A= —
me_ |
[] 1000*)_{ @
- B
L | loop iteration_2 R
1)@ loop . stop_2 ‘._L..Q.

Figure 9 : NXG, Serial port communication program.

To record data received from the serial port into the
computer environment in NXG software, the following blocks
from the  ‘Storage’ palette should be selected:
‘open/create/replace file’, ‘write to text file’, ‘set file position’,
and ‘close file’. These selections are shown in Figure 10.
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Figure 10 : NXG, Storage Menu.

1

The images of the program flow created for data record-
ing are shown in Figure 11, arranged sequentially. The blocks
outside the loop are located at the top, while the main loop
blocks are at the bottom.

C:\Users\bd\Desktop\mq-7.txt P 1

H
— L LSl

® —m |
S J_“l= @ @ .
[o}
(o
Iy—gm loop iteration_2 stop_7 (I @)

A

Figure 11 : NXG, Storage Program.
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3. RESULTS

In the study, carbon monoxide measurements (in ppm)
were recorded for one hour at 1000-millisecond intervals. A
screenshot of the software operation is provided in Figure 14.

1] o Elﬂ Panel Diagram Split Q

stop read buffer

65
Stop

Figure 12 : NXG, Panel Dashboard.

The measurement record file was saved as a ".txt' file,
and a graph of all measurement results is provided in Figure 15.
In general measurements, the CO level in the environment was
approximately 100 ppm. However, when the sensor was stimu-
lated by an external gas source, instantaneous spikes around 900
ppm were observed.
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Figure 13 : CO Measurements.
4. CONCLUSIONS
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In this study, real-time CO level measurement was
achieved using the Arduino Uno hardware and computer com-
ponents for general-purpose applications. Additionally, real-time
data transfer and recording to the computer environment were
implemented. Serial communication was utilized for the interac-
tion between the computer and the Arduino. LabVIEW NXG
software was employed for both visualizing and recording the
data in the computer environment.
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MAGLEV VE HYPERLOOP SISTEMLERININ KARSI-
LASTIRMALI ANALIiZi GELECEGIN YUKSEK HIZLI
TASIMACILIK COZUMLERI

Hakki MOLLAHASANOGLU?
Ufuk Kemal OZTURK?
Murat ABDIOGLU®

1. GIRIS

Ulasim, hiz ve verimliligi artirma konusundaki stirekli
cabalarla insanoglunun gelisiminde her zaman temel bir unsur
olmustur. Geleneksel ulasim modlarinin neden oldugu trafik
yogunlugu, uzayan seyahat siireleri, hava kirliligi ve giiriiltii gibi
cevresel etkiler, tiim diinyada ulasim politikalarinda degisiklik
yapilmasini gerektirmistir (Noland, 2024). Bu durumun bir so-
nucu olarak, yiliksek hizli kara ulasim sistemleri bu sorunlari
hafifletmek i¢in potansiyel bir ¢oziim olarak ortaya c¢ikmistir
(Liu ve Deng, 2004). Bu sistemler arasinda, Maglev ve Hyper-
loop teknolojileri, geleneksel sistemlere alternatif sunan yenilik-
¢i ¢oziimler olarak dikkat ¢cekmektedir (Yavuz ve Oztiirk, 2021).

Yiiksek hizli ulagim sistemleri, altyapilarina dayali ola-
rak ii¢c temel kategoriye ayrilabilir: Geleneksel yiiksek hizli de-
miryollari, Maglev ve Hyperloop sistemleri. Geleneksel yiiksek
hizli demiryollari, ¢elik tekerlek ve ¢elik ray teknolojisini kulla-
narak yeni insa edilen hatlarda 250 km/s’nin, iyilestirilmis hat-
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larda ise 200 km/s’nin {lizerinde hizlara ulagsmaktadir (UIC High
Speed Report, 2020). Bu sistemler, Japonya, Cin ve ¢esitli Av-
rupa tilkeleri gibi yerlerde basarisini kanitlamis olsa da gelenek-
sel mekanik temas bagliliklari hiz ve verimliliklerini sinirlamak-
tadir (de Rus Mendoza, 2012).

Maglev, yani "manyetik kaldirma," aracin kilavuz hat ile
fiziksel temasinm1 ortadan kaldirarak ulasimda bir paradigma de-
gisikligi sunmaktadir. Manyetik kuvvetler yardimiyla kaldirma,
itme ve yanal yoOnlendirme islevlerini yerine getiren Maglev
trenleri, essiz bir konfor ve enerji verimliligi saglar (Luki¢ ve
Zlatanovi¢, 2020). Maglev sistemleri, geleneksel rayli sistemlere
gore daha yiiksek hizlar, daha diisiik enerji tiiketimi, daha az
giiriiltii ve titresim ve gelismis giivenlik gibi ¢esitli avantajlara
sahiptir (Gou, 2018). Maglev sistemlerinin temel bilesenlerinden
biri, kaldirma ve yonlendirme icin giliclii manyetik alanlar olus-
turabilen yiiksek sicaklikta siiper iletken (HTS) malzemelerin
kullanilmasidir (Ozturk vd., 2023). HTS Maglev sistemleri Cin,
Almanya, Brezilya ve Tiirkiye dahil olmak iizere ¢esitli iilkeler-
de gelistirilmis ve test edilmistir (Abdioglu vd., 2021; Werfel
vd., 2011). Cin'de, 2014 yilinda Southwest Jiaotong Universite-
si'nde “yiiksek sicaklikta siiper iletken maglev tahliye borulu
tasima (HTS Maglev-ETT) test sistemi” prototipi insa edilmistir
(Nick ve Sato, 2020). Bu sistem, Elon Musk tarafindan 6nerilen
Hyperloop konseptine benzer sekilde, vakuma yakin bir ortamda
transonik hizlarda ¢alismak tizere tasarlanmistir (Mirza ve Ali,
2022). Sanghay Maglev Treni, ticari olarak igletilen en hizli tren
olarak 431 km/s hiza ulagsmig ve bu alandaki potansiyeli gozler
Oniline sermistir (Huang vd., 2024). Japonya, Almanya ve Cin
gibi iilkelerdeki arastirma ve gelistirme ¢alismalari, Maglev sis-
temlerinin gelecekteki ulasim i¢in Gnemini artirmistir (Bansal ve
Kumar, 2019).

Ayrica Cin, ulagim altyapis1 planlarinin bir pargasi olarak
hem yiiksek hizli (600 km/s) hem de orta hizli (200 km/s) Mag-
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lev sistemlerini aktif olarak gelistirmektedir (Lin ve Sheng,
2018). Bu sistemler Changsha ve Pekin gibi gesitli sehirlerde
test edilmis ve uygulanmistir (Ou vd., 2022). Maglev teknoloji-
sinin gelisimi, manyetik kaldirma kontrol sistemleri (Yi ve liu,
2018; Li vd., 2020), aerodinamik (Mirza ve Ali, 2022; Wang
vd., 2023) ve elektrikli bilesenler (Prasad vd., 2019) gibi diger
alanlardaki ilerlemeleri de icermektedir. Arastirmacilar Maglev
sistemlerinin performansini, verimliligini ve giivenilirligini ar-
tirmak icin siirekli olarak ¢alismaktadir (Ding vd., 2023).

2013 yilinda Elon Musk tarafindan tanitilan Hyperloop,
daha da yenilik¢i bir yaklagimi temsil etmektedir. Robert God-
dard'n "vakum tren" konseptinden esinlenen Hyperloop, diisikk
basingli tlinellerde manyetik itme ve hava direnci azaltimi kulla-
narak yolcu kapsiillerini hareket ettirmeyi hedefler (goerverden
vd. 2018, Gieras, 2020). Hyperloop, yolcular1 ve yiikleri 1.200
km/saate varan hizlarda tasimay1 amaglayan, Onerilen bir yiiksek
hizli kara tagimacilifi sistemidir (Chaidez vd., 2019; Tesla,
2020). Konsept, kapsiillerin veya “kapsiillerin” havaya kaldirma,
itme ve yonlendirme teknolojilerinin bir kombinasyonu kullani-
larak kapali, diisiikk basingli bir tiip araciligiyla tasinmasini iger-
mektedir (Saraf vd., 2020; Hedhly vd., 2021).

Hyperloop sistemleri i¢in ¢esitli temel etkilestirici tekno-
lojiler arastirllmig ve prototipleri olusturulmustur. Bunlar ara-
sinda manyetik kaldirma (Guo vd., 2019; Zhang vd., 2019), tah-
rik i¢in lineer motorlar (Bhuiya vd., 2022) ve gelismis iletisim
ve kontrol sistemleri (Hedhly vd., 2021; Abdelrahman ve Sa-
yeed, 2018) yer almaktadir. Arastirmacilar ayrica aerodinamigi
optimize etmek ve bosaltilmis tiip ortamindaki siiriiklenmeyi
azaltmak icin yontemler arastirmiglardir (Prabhakar vd., 2022;
Opgenoord ve Caplan, 2017). Amerika Birlesik Devletleri ve
Avrupa’daki cesitli prototipler ve test hatlari, bu teknolojinin
uygulanabilirligini gdstermeyi amaclamaktadir. Virgin Hyper-
loop'un 2020'de 160 km/s hiza ulasan iki kisilik bir kapsiili ba-
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sartyla test etmesi onemli gelismelerden biridir. (Stryhunivska
vd., 2020). Diger arastirma gruplar1 da kritik olaylar1 incelemek
ve bilesen tasarimlarini optimize etmek icin kiiciiltiilmiis hiper
dongili modelleri insa etmis ve test etmistir (Tudor vd., 2022;
Kirschen ve Burnell, 2021).

Maglev ve Hyperloop sistemleri, modern ulagim teknolo-
jilerinin iki yenilik¢i 6rnegi olarak dikkat ¢ekmektedir. Litera-
tiirde, bu iki sistemi hem kendi aralarinda hem de konvansiyonel
yiiksek hizli demiryolu sistemleriyle karsilastiran cesitli calis-
malar bulunmaktadir. Bu calismalar, teknolojik, ekonomik,
enerji verimliligi ve siirdiiriilebilirlik gibi farkli agilardan ince-
lemeler sunmaktadir. Amerika Birlesik Devletleri’ndeki mevcut
ulagim aglarini iyilestirmek i¢in yapilan bir yiiksek lisans tezin-
de (Ziemke, 2010), Maglev’in konvansiyonel yiiksek hizli de-
miryolu sistemine gore daha olumlu yanlar1 oldugu tespit edil-
mistir. Bir diger yliksek lisans tezinde (Riviera, 2017), ii¢ sistem
enerji tliketimi ve siirdiiriilebilirlik agisindan analiz edilmis ve
Hyperloop’un bu konularda en iyi sonuglari1 verdigi gosterilmis-
tir. Jani¢, Moskova-St. Petersburg koridorunda yaptig1 degerlen-
dirmede, Hyperloop’un Transrapid Maglev ve konvansiyonel
yiiksek hizli demiryoluna alternatif olabilecegini belirtmistir
(Milan, 2018) Armagan’in ¢alismasi ise Hyperloop’un giivenlik,
hava kosullarina dayaniklilik ve deprem giivenligi gibi avantaj-
larin1 vurgulamus, ancak yiiksek maliyetinin bir dezavantaj ol-
dugunu ifade etmistir (Armagan, 2020).

Bu ¢alismada, Maglev ve Hyperloop sistemleri, teknolo-
jik ozellikleri, enerji verimlilikleri, cevresel etkileri, maliyet
avantajlar1 ve uygulanabilirlikleri acisindan karsilastirilmistir.
Literatiir incelemesi ve mevcut veriler 15181inda bu iki yenilik¢i
ulagim sistemi, hiz, giivenlik ve siirdiiriilebilirlik gibi kriterler
cercevesinde detayli olarak analiz edilmistir. Ayrica, bu sistem-
lerin gelecekteki benimsenme potansiyellerine dair Ongoriiler
sunularak, farkli cografi ve ekonomik kosullarda uygulanabilir-
likleri tartisilmustir.
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2. MAGLEV TEKNOLOJISI

Maglev, "magnetic levitation" (manyetik kaldirma) kav-
raminin kisaltmasi olup, manyetik kuvvetlerle kaldirilan ve iti-
len bir tasima sistemidir. Bu sistemde, tren ile kilavuz arasinda
fiziksel temas yoktur. Calisma prensibi, ayn1 kutuplu miknatisla-
rin birbirini itmesi ve zit kutuplar birbirini ¢gekmesi esasina
dayanir. Elektromiknatislar tarafindan olusturulan kuvvet, tren
ile kilavuz arasindaki yaklasik 1 cm’lik mesafeyi korur ve bu
mesafe hassas bir sekilde kontrol edilir. Yanal yonlendirme,
trenin dengesini ve stabilitesini saglarken, hareket ve frenleme,
elektrik motorlarindaki stator-rotor benzeri bir diizenekle ger-
ceklestirilir. Motor sargilarindaki alternatif akim, treni hareket
ettiren manyetik alani olusturur. Hiz, uygulanan alternatif aki-
min frekansi ile ayarlanabilir; frenleme ise ters yonde manyetik
bir kuvvet olusturularak saglanir.

Maglev teknolojisinin iki temel tiirii vardir: Elektroman-
yetik Levitasyon (EML) ve Elektrodinamik Levitasyon (EDL).
EML, manyetik ¢ekim kuvvetini kullanirken, EDL manyetik
itme kuvvetinden faydalanir. EML sisteminde tren ile kilavuz
arasindaki hava boslugu yaklagik 15 mm iken, EDL’de bu bos-
luk 15 cm’ye kadar ¢ikabilir. EML daha hassas kontrol sistemle-
ri gerektirirken, EDL daha az hassas kontrol ile ¢alisabilir ve
deprem etkilerine daha dayanikhdir (Sekil 1).

Elektromanyetik Elektrodinamik
Levitasyon (EML) Levitasyon (EDL)

“ H “ H fletken Ray

Kilavuzlama H\ ,“P < Levitasyon :‘JjL—‘,_ v LEVIESYON

Miknatislari \_gr Miknatislari —t Miknatislari
Kilavuz Yol

Kilavuz Yol

Sekil 1. EML ve EDL Sistemlerinin karsilastirilmasi
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EML ve EDL sistemleri {izerine yapilan ¢alismalar, 6zel-
likle Maglev ulasim sistemlerinin gelistirilmesi ve optimize
edilmesi amaciyla yogun bir sekilde siirdiiriillmektedir. EML
sistemi i¢in yapilan bir ¢alismada, toplam agirligi arttirmadan
Maglev sistemlerinin manyetik kuvvet verimliliginin arttirilmasi
amaclanmugtir. Sekil 2’de gosterildigi gibi, kalici miknatis ve
stiper iletken malzemeden olusan bir EML sisteminde, tiim Sii-
periletken malzeme (YBCO) ve dilim setinin enine yatar mod-
daki kaldirma kuvveti verilmektedir (Abdioglu vd., 2023).
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Sekil 2. Tim YBCO ve dilim kiimesinin enine yatma
modunda kaldirma kuvveti

Ozellikle iletken ray igeren EDL sistemleri iizerine de
calismalar yapilmaktadir. Bu calismalarda, 6zellikle altta iletken
ray lstte ise, manyetik alan kaynagi olacak sekilde, hiza baglh
olarak kaldirma kuvvet dlgiimleri yapilmaktadir. Ornek bir 6l-
¢lim sonucu Sekil 3’te verilmektedir. Burada alttaki aliiminyum
iletken rayin hizina gore farkli kalinliktaki aliiminyum raylarin
kaldirma kuvvetleri goriilmektedir.

41



Elektrik-Elektronik ve Haberlesme Miihendisligi

T T T T T T
2000 -
_._r.-l-ll:’_’
T
i srEEEi
2 - 155254" 33T
~—~ Aw 2 od
.= 1500 - =, f‘f?z‘f“‘ t_Al
qg) )4 “4:7’-( —— 5mm
= dy / .8
g D ia mm
£ 1000 - . —+— 10 mm
- )/
5 /:/ / 15 mm
= f 20 mm |
= ,’/ / ——25mm
*g 500 j;,- /-
g /)
= é:/
1 aaf
I I I I I I
0 20 40 60 80 100
Hiz (m/s)

Sekil 3. EDL sistemlerde hiza baglh kuvvet dl¢timleri

Ayrica Maglev sistemlerin gelisimine katki saglamak
amaciyla, farkli benzetim programlarinda simiilasyon calismala-
11 da yapilmaktadir. COMSOL programinda yapilan bir calis-
Maglev sisteminin

mada (Oztiirk vd., 2023), yiiksek hizli EML

manyetik aki ve manyetik kuvvet 6zelliklerini incelemek igin
manyetik alan ve hareketli ag o6zelliklerine dayali bir lineer
nisletilmistir. Sekil
4’te genisletilen modelin v = 100 m/s dogrusal hiz i¢cin Maglev
aracinda lineer senkron motorun manyetik aki yogunlugu dagi-

senkron motorun 2 boyutlu sayisal modeli ge

lim1 verilmektedir.
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Sekil 4. v = 100 m/s dogrusal hiz i¢in Maglev aracinda
lineer senkron motorun manyetik aki yogunlugu dagilimi

Maglev teknolojisinin tarihi, 1934 yilinda Hermann
Kemper’in patent basvurusuna dayanir. 1k ticari Maglev hatti,
yillar siiren ¢aligmalar sonucunda 2004 yilinda Sanghay’da hiz-
mete acilmistir. Bu teknoloji, yliksek hiz, enerji verimliligi ve
diisiikk bakim maliyetleri gibi avantajlar sunarken, yiiksek ingaat
maliyeti ve mevcut altyapilarla uyumsuzluk gibi dezavantajlara
sahiptir.

3. HYPERLOOP TEKNOLOJISI

Hyperloop, modern ulagim teknolojileri arasinda yenilik-
¢i bir yaklagim olarak dikkat ¢ekmektedir. Elon Musk tarafindan
2013 yilinda tanitilan bu sistem hem yolcu hem de yiik tagimaci-
1181 i¢in hizli, verimli ve ¢evre dostu bir ¢oziim olarak tasarlan-
mistir. Hyperloop’un temel konsepti, diisiik basingh tiipler i¢in-
de manyetik itme kuvveti ile hareket eden kapsiiller iizerine ku-
ruludur. Bu yap1, hava direncini ve siirtinmeyi minimuma indi-
rerek ulasim hizim1 6nemli Olclide artirmayi hedefler. Teorik
olarak, bu teknoloji 1.200 km/s gibi oldukga yiiksek hizlara ula-
sabilir. Hyperloop’un bu potansiyeli, 6zellikle uzun mesafeli
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tagimacilikta, havayolu ve demiryolu tasimaciligina gii¢lii bir
alternatif olusturma yetenegini vurgulamaktadir.

Hyperloop’un ¢alisma prensibi, birbirini tamamlayan
birkag temel bilesene dayanir. Oncelikle, tiip sistemindeki diisiik
basing ortami, kapstiliin hareketini kolaylastiran bir vakum etkisi
yaratir. Bu durum, hava direncini neredeyse tamamen ortadan
kaldirir. Ayrica, kapsiiller manyetik kaldirma ve itme sistemi ile
hareket ettirilir. Manyetik kaldirma teknolojisi sayesinde, kapsiil
ile tlip yiizeyi arasinda fiziksel temas olmaz, bu da siirtlinmeyi
sifira indirir ve enerji verimliligini artirir. Manyetik itme sistem-
leri, kapsiilleri hizlandirmak ve frenlemek i¢in kullanilir. Boyle-
likle hem yiiksek hizlara ulasmak hem de giivenli bir sekilde
durmak miimkiin hale gelir. Sekil 5’te ABD merkezli Hyperloop
Transportation Technologies (HyperloopTT) firmaisnin gelistir-
digi kapsiil goriilmektedir.

Piller
motory  grnivet duvari

Yolcu Kapsli Hava Koltuk Askilama
deposu 2x14  (suspension)

Sekil 5. (a) Vakumlu tiinel igerisinde hareket eden hyper-
loop konsept ¢izimi (Lim vd., 2020), (b) yolcu tasima kapsiilii-
niin sematik ¢izimi (Musk, 2013).

Bu teknoloji ayn1 zamanda ¢evresel siirdiiriilebilirlik ag1-
sindan da dikkat g¢ekicidir. Yenilenebilir enerji kaynaklarinin
kullanimina uygun olarak tasarlanan sistem, karbon ayak izini
en aza indirmeyi amaglar. Bu durum, Hyperloop’un gelecegin
yesil ulasim ¢oziimleri arasinda 6nemli bir yer edinmesini sag-
lamaktadir. Cevresel etkilerinin yan1 sira, Hyperloop’un maliyet
avantajlar1 da one ¢ikmaktadir. Geleneksel yiiksek hizli demir-
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yolu veya Maglev sistemleriyle karsilastirildiginda, Hyper-
loop’un daha diisiik altyapr ve isletim maliyetleri sundugu go-
riilmektedir. Bu 6zellikleri, Hyperloop’u hem ekonomik hem de
cevre dostu bir ulagim alternatifi olarak one ¢ikarmaktadir.

Sonug olarak, Hyperloop teknolojisi, hiz, enerji verimli-
ligi ve c¢evresel siirdiriilebilirlik acisindan ulasim sektoriinde
devrim yaratma potansiyeline sahiptir. Gelistirilmekte olan bu
sistem, gelecekteki tagimacilik ihtiyaglarini karsilamak igin giig-
lii bir adaydir ve mevcut sistemlere kiyasla bir¢cok avantaj sun-
maktadir. Hyperloop’un yiiksek hizlara ulagmasini saglayan
diisiik basingli tiip yapisi ve manyetik itme mekanizmasi, bu
sistemin temelini olusturarak gelecegin ulagimini yeniden tanim-
lamaktadir.

4. KARSILASTIRMA: MAGLEV VE HYPERLOOP

Maglev ve Hyperloop teknolojileri, yiiksek hizli ulasim
sistemleri arasinda gelecegin en dikkat ¢ekici ¢oziimleri olarak
degerlendirilmektedir. Bu iki sistem, hiz, verimlilik, maliyet,
cevresel etki, giivenlik ve uygulanabilirlik gibi cesitli kriterlerde
farkli avantajlar ve dezavantajlar sunmaktadir. Bu bdoliimde,
Maglev ve Hyperloop teknolojileri arasinda yapilan kapsamli bir
karsilastirma verilmektedir.

Maglev ve Hyperloop ulagim sistemlerinin karsilastiril-
masi, gelecekteki ulagim ¢oziimleri i¢in kritik faktorler olan hiz,
giivenilirlik, maliyet, verimlilik ve karbon ayak izi acisindan
onemli farkliliklar ortaya koymaktadir. Manyetik kaldirma kuv-
veti kullanan Maglev sistemleri, 430 km/s'yi asan hizlara ulasa-
bilirken, mekanik siirtinmenin azalmasi ve daha az hareketli
parca sayesinde yliksek giivenilirlik ve diisiik bakim maliyetleri
saglayabilmektedir (Han, 2024; Li vd., 2020; Lin ve Sheng,
2018). Maglev trenlerinin operasyonel verimliligi, virajlart ve
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egimleri etkili bir sekilde miizakere etme kabiliyetleri sayesinde
artmakta, bu da geleneksel rayli sistemlere kiyasla daha yumu-
sak bir siiriis ve daha diisiik enerji tiiketimi ile sonuglanmaktadir
(Han, 2024; Yavuz ve Oztiirk, 2021). Buna karsilik, Hyperloop
konsepti, diisiik basingl tiiplerdeki basingli kapsiiller araciligiyla
1.200 km/saate kadar hiz 6nermekte ve yiiksek verimli ve siirdii-
rilebilir bir ulasim modu hedeflemektedir (Balabel, ve Almu-
jibah, 2022; Gkoumas ve Christou, 2020). Bununla birlikte, Hy-
perloop'un altyapisi ve teknolojisi hala biiyiik lglide teoriktir ve
giivenlik, enerji tiiketimi ve finansal fizibilite ile ilgili 6nemli
zorluklar heniiz tam olarak ele alinmamistir (Gkoumas ve Chris-
tou, 2020; Mitropoulos vd., 2021).

Maliyet acisindan bakildiginda, Maglev sistemleri, 2003
yilindan bu yana %99,8-99,9 dakiklik oraniyla giivenilir bir se-
kilde calisan Sangay Maglev gibi basarili uygulamalarla uygula-
nabilirliklerini kanitlamistir (Lin ve Sheng, 2018). Hyperloop,
enerji tasarruflu tasarimi sayesinde daha diisiik isletme maliyet-
leri vaat etse de ilk yatirim ve altyapr gelistirme maliyetleri ko-
nusunda hala belirsizliklerle karsi karsiyadir (Gkoumas ve
Christou, 2020; Mitropoulos vd., 2021). Her iki sistem de kar-
bon ayak izlerini en aza indirmeyi amacglamaktadir; Maglev
trenleri diistik emisyonlar1 ve enerji tasarruflu caligmalariyla
taninirken, Hyperloop teknolojisi yenilenebilir enerji kaynakla-
rim1 kullanmak iizere tasarlanmistir (Balabel, ve Almujibah,
2022; Gkoumas ve Christou, 2020). Sonu¢ olarak hem Maglev
hem de Hyperloop yiiksek hizli ulasim i¢in yenilik¢i ¢oziimler
sunarken, pratik uygulamalari, ekonomik etkileri ve g¢evresel
etkileri, gelecekteki transit sistemlerindeki rollerini belirlemek
icin daha fazla aragtirma ve gelistirme gerektirmektedir.
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5. SONUC

Bu calisma, gelecekte yiiksek hizli ulasim alaninda bii-
yik yenilikler sunma potansiyeline sahip iki ileri teknoloji,
Maglev ve Hyperloop sistemlerini kapsamli bir sekilde karsilas-
tirmistir. Elde edilen bulgular, bu sistemlerin farkl giiclii yonle-
rini ve zayifliklarini analiz ederek, belirli ulasim ihtiyaglarina
gore uygulanabilirliklerini degerlendirmeye olanak tanimistir.

Maglev teknolojisi, saglam altyapisi ve glivenilir ¢alisma
prensibi ile 6zellikle kentsel alanlarda one g¢ikmaktadir. 600
km/sa hiz kapasitesine sahip olan Maglev sistemleri, kilometre
basina 1,2 kWh enerji tiikketimi ile dikkat ¢ekici bir enerji verim-
liligi sunmaktadir. Bunun yaninda, diisik giiriiltii ve titresim
seviyeleriyle ¢evre dostu bir segenek olusturan bu teknoloji, 50
kg/km CO2 emisyon oraniyla ¢evresel siirdiirtilebilirlik agisin-
dan olumlu bir profil sergilemektedir. Ancak, kilometre basina
50 milyon dolar1 bulan yiiksek altyapt maliyetleri, bu sistemin
en 6nemli dezavantajlarindan biridir.

Hyperloop sistemi ise heniiz gelistirme asamasinda ol-
masina ragmen, ekonomik ve ¢evresel avantajlartyla umut vaat
etmektedir. 1.200 km/sa’i asan hiz kapasitesi ile Hyperloop,
kilometre bagina sadece 0,8 kWh enerji tiikketmekte ve 20 kg/km
CO2 emisyonuyla ¢evresel etkileri asgari diizeye indirmektedir.
35 milyon dolar olarak tahmin edilen kilometre basina altyap1
maliyeti ve basit isletim siirecleri, Hyperloop’un ekonomik ola-
rak uygulanabilirligini artirmaktadir. Bununla birlikte, bu tekno-
lojinin deneysel yapisi ve vakum tiipii bakimindaki teknik zor-
luklar, ilerleyen siiregte daha fazla aragtirma ve gelistirme ihti-
yacini ortaya koymaktadir.

Calisma ayrica, bu teknolojilerin gelecekteki kullanim
oranlarina dair projeksiyonlar sunmaktadir. Tahminlere gore,
2040 yilina kadar Maglev sistemlerinin mevcut altyap ile uyu-
mundan faydalanarak kentsel bolgelerde %70 benimsenme ora-
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mina ulagmasi beklenmektedir. Ote yandan, kirsal bolgelerde
Hyperloop’un uyarlanabilir tasarimi ve diisiik maliyet avantajiy-
la %40 benimsenme oranina erisebilecegi ongdriilmektedir.

Genel olarak, Maglev ve Hyperloop, yiiksek hizli ulagim
sistemleri i¢in farkli ancak tamamlayici ¢oziimler sunmaktadir.
Maglev, kentsel baglantilar i¢in giivenilir bir secenek olarak one
cikarken; Hyperloop, uzun mesafeli tasimacilikta hiz1 ve ¢evre-
sel siirdiirtilebilirligiyle vizyoner bir alternatif sunmaktadir. Ge-
lecekteki ¢alismalar, bu sistemlerin teknik ve ekonomik zorluk-
larin1 asmay1 hedefleyerek, farkli cografi ve sosyo-ekonomik
kosullara uygun bir sekilde optimize edilmesine odaklanmalidir.
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