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Abstract  

Automatic Stacking Cranes are indispensable tools in modern ports that can 

transfer containers between the landside and the waterside. These cranes are 

powered by electricity and consume significant amounts of energy to meet 

annual production demands. This substantial electricity consumption often 

strains the port's power grid during voltage and current fluctuations, which can 

destabilize the ASC's power supply. Wind turbines offer a promising alternative 

energy source to address these problems. This study delves into the analysis of 

the optimal Axial Flux Generator structure for wind turbines and calculates the 

associated energy losses to determine the feasibility of a wind turbine system 

capable of supporting the ASC's power demands. The findings reveal that 

employing an AFG-based wind turbine can generate the required 88,497 Watts 

of power for the ASC, with an average rotational speed of 1,655 rpm. This 

represents an annual electricity cost saving for the port of approximately 

39,701,029 Rupiah. 

 

Keywords: Automatic Stacking Cranes, Axial Flux Permanent Magnet 

Generator, Energy Efficiency, Wind Turbine 

 

1. INTRODUCTION 

Automatic Stacking Cranes (ASCs) have become indispensable components in modern 

port operations, playing a pivotal role in the efficient and seamless movement of 

containers between landside and seaward areas [1]. These cranes perform a combination 

of lifting, shifting, and stacking operations to ensure the orderly arrangement of 

containers within the port environment. Crucially, ASCs are complemented by yard 

panels, which serve as essential components in their operation [2]. Yard panels facilitate 

automated control of ASC movements, integrating seamlessly with the port's Terminal 

Operating System (TOS). This integration enables ASCs to receive and execute 

container stacking commands with precision and efficiency. The integration of ASCs 

and yard panels within the TOS framework streamlines container handling operations, 

optimizing yard utilization and enhancing overall port productivity. This collaborative 

system contributes significantly to the smooth flow of cargo through the port, 

minimizing delays and ensuring timely deliveries [3]. 

ASCs primarily rely on electricity from the national grid (PLN) as their main power 

source. This presents a significant advantage as it ensures a continuous and sustainable 

supply of energy. Additionally, electricity has minimal energy loss, effectively meeting 
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the crane's power requirements [4]. However, the use of PLN electricity also poses certain 

challenges, particularly in terms of dependency. Any disruptions to the PLN supply, such 

as power outages, short circuits, or maintenance, can severely hinder the ASC's 

operations. Furthermore, the substantial energy consumption of ASCs, estimated at 

around 60,000 Watts, can strain the overall power grid within the port. This situation 

poses potential safety hazards, as disruptions to ASC operations can indirectly impact 

other critical port equipment [5]. For instance, Ship to Shore cranes, responsible for 

transferring containerized cargo between ships and land, and Grab Ship Unloaders, 

tasked with moving dry bulk cargo from ships to land, can also be affected. Conversely, 

issues can also arise when the terminal's power grid experiences instability, particularly 

during voltage and current fluctuations. These conditions can prevent Automatic 

Stacking Cranes from operating at their peak performance [6]. 

Wind turbine emerges as a compelling solution to address the pressing these energy 

challenges. This ingenious device harnesses the kinetic energy of wind, a renewable 

energy source, to drive generators and produce electricity [7], [8]. Its holds immense 

potential, particularly for coastal terminals situated in areas with consistently high wind 

speeds averaging 13 m/s [9]. However, a key challenge lies in the fluctuating wind 

direction, as air currents tend to move in various directions. When land temperatures 

surpass sea temperatures, winds originate from the ocean and flow towards the land, and 

vice versa. This variability in wind direction poses a challenge for conventional wind 

turbines, as it hinders the consistent and efficient generation of electricity. To address 

this challenge, innovative wind turbines are required that can effectively adapt to 

fluctuating wind directions, ensuring optimal energy capture. These advanced turbines 

will play a pivotal role in unlocking the full potential of wind energy, particularly in 

coastal regions with abundant wind resources. 

In light of these considerations, an effective wind turbine system is required to 

generate electricity that can meet the diverse power needs of Automatic Stacking Cranes 

(ASCs). This study will investigate the optimal structural analysis of Axial Flux 

Permanent Magnet Generators (AFPMGs) to ensure the efficient operation of wind 

turbines. The study will also meticulously examine the calculation of associated energy 

losses to determine the feasibility of wind turbine systems in effectively supporting the 

power requirements of ASCs. This approach represents a more environmentally friendly 

solution for power supply without disrupting the operation of other equipment. 

2. LITERATURE REVIEW 

2.1. Automatic Stacking Crane 

ASCs are indispensable tools in the realm of container handling, revolutionizing the 

industry with their ability to operate autonomously [10]. While manual control remains 

an option, ASCs primarily function without human intervention, enhancing efficiency 

and safety. Gantry Crane, the towering structure that forms the ASC's backbone, 

mounted on rails for smooth movement along designated paths. Hoist, the muscular heart 

of the ASC, responsible for lifting and lowering containers with precision and power. 

Trolley, a nimble traveler, traversing the gantry crane's bridge to precisely position the 

hoist over the containers awaiting their journey [11]. Electrical panels are the main soul 

for supplying electricity to the various components of the stacking crane that includes 

the hoisting mechanism, drive systems, and control systems. This also ensures that all 

parts function efficiently and safely. 
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Figure 1. Main component of automatic stacking crane. 

2.2. Wind Turbine 

Wind turbines are crucial components of Wind Energy Conversion Systems (WECS) [12]. 

These turbines harness the kinetic energy of the wind to generate mechanical energy in 

the form of shaft rotation. This rotational energy is then utilized to drive a generator for 

electricity production [13]. Based on the rotor configuration, wind turbine designs are 

categorized into two primary types: horizontal axis wind turbines (HAWTs) and vertical 

axis wind turbines (VAWTs) [14]. 

 
Figure 2. Type of horizontal axis wind turbine 

 
Figure 3. Type of horizontal axis wind turbine. 

2.3. Axial Flux Permanent Magnet Generators 

Axial flux permanent magnet (AFPMG) generators operate on the same fundamental 

principle as conventional generators, but with a key distinction in the direction of flux 

flow [15]. In AFPMGs, the flux lines cut through the stator axially rather than radially. 

This unique flux path allows AFPMGs to achieve a significantly more compact design, 

resulting in a superior power density (output power per unit mass/volume) compared to 

conventional generators.  

An axial flux permanent magnet generator (AFPMG) also known as a pancake 

generator, is characterized by its unique design where the components are arranged by 

housing and cover as the structural framework that supports the rotor and stator while 

protecting the internal components from environmental factors [16]. Two rotors, that look 

like a flat disk that houses the permanent magnets for creates an alternating magnetic 

field that interacts with the stator coils and inducing electrical current. Permanent 

magnets, a crucial component of the AFPMG for creating a magnetic field that induces 

voltage as the rotor spins. Stator, the stationary component that contains the windings 
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for balance axial forces and improve cooling. Windings, the part to generate higher 

induced voltage when exposed to the changing magnetic field of the rotor [17]. 

 
Figure 4. Structure of axial flux permanent magnet generator. 

3. METHOD  

3.1. Wind Turbine Design  

The wind turbine design employs a vertical axis wind turbine (VAWT) as illustrated in 

Figure 5. This type was selected for its superior efficiency compared to its horizontal 

axis counterpart [18]. VAWTs are also well-suited for areas with unpredictable wind 

directions [19]. Overall, the advantages of VAWTs over HAWTs, which informed the 

design decision, are as follows: 

1. VAWT can capture more stable winds from all directions.  

2. VAWT has a simpler construction  

3. VAWT is suitable for installation in terminal areas even with minimum wind 

speeds. 

4. Lower maintenance costs 

                

Figure 5. Design of vertical axis wind turbine. 

To achieve better force distribution and balance, this design employs a Helix-type 

blade as shown in Figure 6. This blade ensures that during turbulence, wind can still act 

on every part of the surface area, resulting in higher efficiency from incoming wind 

compared to other vertical axis wind turbines [20]. This type is also known for its quiet 

operation, as the blade tips move at slower speeds, reducing noise pollution. The 

minimum wind speed required for this type to rotate is 3–7.5 m/s [21]. 
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Figure 6. Design of vertical axis wind turbine. 

 
Figure 7. Comparison curve between tip speed ratio (TSR) and rotor power coefficient (RPC). 

This blade exhibits a power coefficient (Cp) of 0.4 and a tip speed ratio (TSR) of 5, 

as illustrated in Figure 7. A Cp value of 0.4 is considered high, indicating efficient 

conversion of wind energy into electrical energy [22]. Similarly, a TSR of 5 is deemed 

optimal for many modern wind turbines. The combination of a high Cp and an optimal 

TSR suggests that the helical-type turbine design effectively captures and converts wind 

energy, making it a reliable renewable energy source. Based on the TSR value, Table 1 

indicates that three blades are employed [23].  

Table 1. Relationship between TSR and number of blades. 

TSR Number of Blades 

1 8-24 

2 6-12 

3 4-6 

4 3-4 

>4 1-3 

3.2. Axial Flux Permanent Magnet Generator Design 

3.2.1.  Permanent Magnet  

This design utilizes Neodymium-Iron-Boron (NdFeB) magnets, composed of an alloy of 

neodymium, iron, and boron, forming the Nd2Fe14B tetragonal crystalline structure [24]. 

These magnets outperform other permanent magnets like Ferrite, Alnico, and Samarium 

Cobalt due to their superior magnetic induction and magnetic field strength. NdFeB 

magnets boast a magnetic induction of 1.2 T and a magnetic field of 900 Ka/m, as 

demonstrated by the demagnetization curve in Figure 10. Additionally, NdFeB magnets 

exhibit a remarkable maximum energy product (BHmax) of 30 – 52 MGOe, far exceeding 

the maximum energy product of Ferrite magnets, which ranges from 0.92 – 3.5 MGOe 
[25]. Due to its high effectiveness, this type of permanent magnet is widely used in various 

industrial applications, including electronic devices, sensors, and transducers. Moreover, 

it is primarily employed in generators to produce a strong and stable magnetic field [26]. 
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This, in turn, enhances the efficiency of electromagnetic induction in converting kinetic 

energy into electrical energy with minimal losses. 

 
Figure 8. Demagnetization curve. 

3.2.2.  Generator Speed 

The rotational speed of a generator's rotor measured in revolutions per minute (rpm) is a 

crucial factor in determining the generator's electrical output. This rotation process 

converts mechanical energy into electrical energy through electromagnetic induction [27]. 

To calculate the required number of rotations, the number of magnetic poles and the 

utilized electrical frequency must be considered. This rotational speed ultimately 

influences the generator's output voltage [28]. The equation below describes the 

relationship between these parameters (1). 

𝑛 =  
120 𝑓

𝑝
  (1)  

Based on Hutte's standards [29], the relationship between the number of poles and the 

number of revolutions for a frequency of 50 Hz is summarized in Table 2. In various 

cases, the number of revolutions affects the power output. The higher the number of 

revolutions, the greater the power output. Therefore, for this design, the number of 

revolutions is set to 1,500 rpm. As shown in Table 2, this corresponds to 4 poles. 

 

Table 2. Relationship between number of poles and generator speed. 

Number of Poles (p) Number of Speed (rpm) 

2 3,000 

4 1,500 

6 1,000 

8 750 

10 600 

12 500 

16 375 

20 300 

3.2.3.  Calculation of Current per Stator Phase 

Stator phase current is the electrical current flowing through each phase of the stator 

winding in a three-phase generator [30]. The current flowing through each stator phase is 

responsible for generating a rotating magnetic field that interacts with the rotor's 

magnetic field to produce torque or electromotive force (EMF) for machine operation. 

The magnitude of the stator phase current is influenced by the load connected to the 

generator, the applied voltage, and the coil impedance. This current must be carefully 

monitored to ensure efficient operation and prevent overheating or damage to the system. 
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The magnitude of the stator phase current can be calculated using the equation (2) is Ia = 

126.26 A ≈ 126.3 A, assuming an output power of 75,000 Watts, a power factor of 0.9, 

and three phases, the stator phase current can be calculated as follows [31]. 

 𝐼𝑎 =  
𝑃𝑜𝑢𝑡

𝑚1×𝑉1×𝑐𝑜𝑠𝜃
  (2) 

3.2.4.  Stator Outer Diameter Calculation 

Stator outer diameter is the physical dimension of the stator's outermost surface in a 

generator [32]. This diameter is crucial in determining the overall size of the machine and 

influences the design and placement of other components. An appropriate outer diameter 

can impact electromagnetic performance and the generated torque. The stator outer 

diameter obtained using Equation (3) is 0.469 meters, as illustrated in Figure 9 [31]. 

       𝐷𝑜𝑢𝑡 =  √
𝜀×𝑃𝑜𝑢𝑡

𝜋2×𝐾𝐷×𝐾𝑊1×𝑛×𝐵𝑚𝑔×𝐴𝑚×𝜂𝑐𝑜𝑠 𝜃

3
  (3) 

 

   Parameters Value 
Voltage ratio (ε)  0.9 

Distribution factor (KD) 0.1312 

Winding factor (KW1) 0.96   

Rotation (n) 25 rad/s 

Flux density value (Bmg) 0.65T 

Current density value (Am) 40,000 A/m 

Power factor (cos θ) 0.9 

Efficiency (η) 90 % 

3.2.5.  Stator Inner Diameter Calculation 

The inner diameter of the stator is the dimension of the inner side of the stator that 

surrounds the rotor in a generator. This diameter is crucial as it determines the clearance 

between the stator and rotor, which impacts the overall efficiency and performance of the 

machine [33]. The inner diameter of the stator must be large enough to allow the rotor to 

rotate smoothly without excessive friction or contact, yet small enough to ensure that the 

magnetic field generated by the stator coils can effectively interact with the rotor. The 

chosen value for the inner diameter of the stator is Din= 0.270 meters, based on Equation 

(4) as shown in Figure 9 [31]. 

𝐷𝑖𝑛 =  
𝐷𝑜𝑢𝑡

√3
  (4) 

 
Figure 9. Design of the stator a) Outer b) inner. 

3.2.6.  Stator Magnetic Flux Calculation 

Stator magnetic flux is the total number of magnetic field generated by magnetic field 

lines that pass through the stator coils in a generator [34]. This flux is generated by the 

electric current flowing through the stator coils and is a key component in the 

electromagnetic induction process that converts mechanical energy into electrical energy 

or vice versa. A strong and well-directed stator magnetic flux enables effective 

interaction with the rotor, producing the electromotive force (EMF) or torque required 
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for machine operation. Managing and optimizing stator magnetic flux is crucial for 

ensuring generator efficiency, performance, and reliability. Based on the following 

equation (5) [31], assuming a value of 2/π for ∝i, a number of poles (p) of 4. Therefore, 

the stator magnetic flux is approximately 0.00597 Wb [31]. 

 ∅𝑓 =∝ 𝑖 × 𝐵𝑚𝑔 ×
𝜋

2𝑝
× [(0.5 × 𝐷𝑜𝑢𝑡)2 − (0.5 × 𝐷𝑖𝑛)2] (5) 

3.2.7.  Calculation of the Number of Windings per Stator Phase 

Stator phase turns represent the number of wire coils on each phase of the stator in a 

generator [35]. Each stator phase has a specific number of turns designed to generate a 

magnetic field when electric current flows through it. The number of turns directly 

impacts on the strength of the generated magnetic field, as well as the voltage and current 

induced in the rotor. Properly designed stator phase turns ensure that the electric machine 

operates efficiently and meets the desired performance specifications. Additionally, an 

optimal number of turns aids in controlling the generated heat, reducing energy losses, 

and enhancing the durability and lifespan of the electric machine. The number of stator 

phase turns can be calculated using equation (6) which assuming a phase voltage (E) of 

220 volts and a frequency (f) of 50 Hz, Therefore the number of stator phase turns is N1= 

174.48 ≈ 175 turns [31].  

 𝑁1 =  
𝐸

4.4×𝑓×𝐾𝑊1×∅𝑓
  (6) 

   
Figure 10. Design of stator with coils. 

3.2.8.  Calculation of Stator Conductor Cross-sectional Area 

Stator conductor cross-sectional area is the measurement of the transverse area of the 

conductor wire used in the stator windings of a generator [36]. This area is crucial as it 

influences the conductor's ability to carry electrical current without generating excessive 

heat. Selecting an appropriate cross-sectional area involves considering the current that 

will flow through the conductor, the conductor material, and cooling requirements. An 

optimal cross-sectional area helps maintain safe operating temperatures, prevents 

insulation breakdown, and extends the lifespan of the electrical machine by ensuring the 

conductor can effectively handle the electrical load. The calculated stator conductor 

cross-sectional area is Sa= 7.016 mm2, considering the number of parallel wires aw= 4 

and the stator conductor current density (Ja) = 4.5×106 A/m2, as per the provided 

equation (7) [31]. 

     𝑆𝑎 =  
𝐼𝑎

𝑎𝑤×𝐽𝑎
   (7) 

3.2.9. Rotor  

Permanent magnets on the rotor are arranged in alternating north and south poles to 

generate a magnetic flux due to the attractive forces between them [37]. The inner diameter 

(Din) and outer diameter (Dout) of an axial flux generator rotor are equal to the inner and 
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outer diameters of the stator, respectively. In this case, as shown in Figure 11, the inner 

diameter (Din) is 0.270 meters, and the outer diameter (Dout) is 0.469 meters.   

 
Figure 11. Design of rotor. 

4. RESULTS AND DISCUSSION 

4.1. Copper Loss Calculation  

Copper losses are a type of energy loss that occurs in generators. These losses arise due 

to the electrical resistance of the copper material used to make the windings (coils) or 

conductors in these components [38]. When electric current flows through copper 

windings or conductors, some energy is dissipated as heat due to electrical resistance. 

The higher the current flowing, the more heat is generated. This can lead to several 

negative effects, such as reduced efficiency and increased temperature. Therefore, it is 

necessary to calculate copper losses using equations (8) and (9) [31]. 

 ∆𝑃1𝑊 =  𝑚1 ×  𝐼𝑎
2  ×  𝑅1 (8)  

𝑅1  =  
𝑁1  ×  𝐿1𝑎𝑣

𝑎𝑤  ×  𝜎  ×  𝑆𝑎
  (9)  

    With:  

∆P1W = Copper loss (Watts) 

L1av = Stator wire length (m) 

N1    = Number of windings per phase of stator  

Ia    = Stator winding current (A) 

R1  = Stator winding resistance (Ω) 

σ    = Electrical conductivity of copper 

By entering the parameter values L1av = 0.6766 m, σ = 57 × 106, then the stator 

winding resistance is obtained R1= 0.0758132 Ω, so that the amount of copper losses 

obtained is ∆P1W = 3,628 Watts. This copper loss still needs to be added with other losses   

based on the equation (10), so that the overall copper total loss is obtained 4,353 Watts. 

∆𝑃𝑠𝑡𝑟𝑎𝑦 =  20% ×  𝑃1𝑊 (10) 

4.2. Friction and Wind Losses Calculation 

Friction and windage losses are two types of mechanical losses that occur in generators. 

They result from the interaction of rotating components with their surroundings and 

contribute to a reduction in generator efficiency [39]. Friction losses arise from the direct 

contact of moving parts within the generator, such as bearings and brushes. This 

interaction generates frictional forces that oppose the rotation, leading to energy 

dissipation in the form of heat. The magnitude of friction losses depends on factors like 

the material properties of the components, the applied pressure, rotational speed, and 

lubricant viscosity. Windage losses stem from the aerodynamic drag experienced by 

rotating components as they interact with air. This resistance creates a frictional force 

that counteracts the rotational motion, slowing it down and dissipating energy. Windage 
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losses are particularly significant at high rotational speeds, where air resistance increases 

proportionally with the square of the speed. This indicates that these losses account for a 

power loss of 583.333 Watts. Minimizing friction and windage losses is crucial for 

improving generator efficiency and reducing energy waste. This can be achieved through 

careful design, material selection, lubrication, and proper ventilation (11) [31]. 

   ∆𝑃𝑓&𝑤 = 0.7% ×
𝑃𝑜𝑢𝑡

𝑐𝑜𝑠𝜃
 (11) 

4.3. Energy Efficiency Calculation 

The amount of efficiency obtained is η = 94.96%  where equation (12) is used [31]. 

             𝜂 =
𝑃𝑜𝑢𝑡

𝑃𝑜𝑢𝑡 + ∆𝑃1𝑤+∆𝑃𝑠𝑡𝑟𝑎𝑦+∆𝑃𝑓&𝑤
 × 100%             (12)  

The efficiency value produced in this design is 4.96% greater than that found in the 

initial calculation parameters in equation (3) which is 90%. This increase is certainly very 

significant. This increase indicates that the loss calculation is much more optimal. The 

maximum loss calculation results in a smaller overall loss value compared to the 

calculation contained in the parameters of equation (3). This smaller value is the main 

reason for the increase, because the magnitude of the loss value is inversely proportional 

to the efficiency value. The smaller the loss generated, the greater the efficiency obtained, 

and vice versa [40].  

The loss value is also related to the calculation of the stator and rotor design. In the 

calculation of losses, there is the role of calculations regarding the stator winding current, 

the number of turns per stator phase, and the cross-sectional area of the conductor that 

has been done before. The amount of stator winding current, the number of turns per 

stator phase, and the conductor cross-sectional area are also influenced again by many 

other things such as the load connected to the generator, the applied voltage, coil 

impedance, frequency, current density, and many others. This indicates that each 

calculation in this design is interrelated so as to successfully produce a permanent magnet 

axial flux generator with accurate specifications. 

Increased efficiency values result in a wide variety of benefits. With higher 

efficiency, wind turbines can generate more electricity from the same wind speed [41]. 

This means the output generated by the turbine will increase to produce more energy for 

consumption. Higher efficiency can also reduce the cost per unit of Automatic Stacking 

Crane panel yards which previously cost a lot of electricity consumption due to increasing 

production needs. 

4.4. Output Power Calculation 

The amount of efficiency panel of the Automatic Stacking Crane. Generally, there are 

20 ASCs in a terminal to support the terminal operational process. One Automatic 

Stacking Crane is supported by 1 yard panel.   

Output power is obtained based on the existing wind speed at the Port. From 

reference [26] the minimum speed at which the wind blows is 7 m/s with the average speed 

is 13 m/s. So therefore, based on the equation (13), generator obtained a power of 900.375 

Watts for wind speed at 7 m/s and 5,767 Watts for average wind speed 13 m/s. 

      P = 
1

2
×ρ× A ×V3 (13)  

    With: 

     

 

 

 

ρ  =   Density of the air (kg/m3) 

𝐴  =   Cross-sectional area of the wind (m2) 

V   =   velocity of the wind (m/s) 
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Figure 12. ASC Power Consumption. 

The figure above is the power consumption data taken directly by measurement at 

the port location where the ASC is located. This data shows that the average overall 

power consumption of the ASC is 230,109 Watts with an average power consumption 

per ASC unit per day is 7,670 Watts. This data is also supported by the calculation in 

equation (13) multiplied by the amount of efficiency from equation (12) which shows 

information that one wind turbine with an axial flux permanent magnet generator can 

produce 88,497 Watts per day. Furthermore, it can be said that one wind turbine can 

supply 12 ASC units at once.   

4.5. Torque Output 

Torque in a vertical axis wind turbine (VAWT) is generated through the interaction 

between the turbine blades and the wind flowing through them [42]. When the wind hits 

the turbine blades, it generates aerodynamic forces consisting of lift and drag. The lift 

generated by the blades moving along the wind flow tends to push the blades, creating a 

torsional moment on the turbine shaft. In addition, drag also contributes, although usually 

in the opposite direction to lift [43]. During rotation, the angle of attack of the blades 

against the wind is constantly changing, affecting the amount of lift and drag generated. 

The combination of these forces creates a torque that causes the turbine to rotate. This 

torque is then converted into mechanical power that can be converted into electrical 

power by a generator connected to the turbine. 

𝑅𝑃𝑀 =  60 × 𝑣 ×
𝑇𝑆𝑅

𝜋 × 𝐷
 (14) 

By entering the parameter values TSR = 5, π = 3.14, then the diameter of turbine D 

= 0.75 m, so that the torque obtained is 1,655 rpm for a wind speed of 13 m/s and 891 

rpm for a wind speed of 7 m/s. For the maximum wind speed, the torque value obtained 

is greater than the assumed value used. This is certainly a good thing because the turbine 

can work more optimally with a maximum torque value. 
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4.6. Cost Efficiency Calculation 

Based on PT Perusahaan Listrik Negara (PLN) policy, the electricity tariff class for 

medium government purposes (P-1/TR) with a power of 6,600 VA – 200 kVA is 1,699,53 

rupiah per kWh according to Table 3. 

Table 3. Electricity consumption price based on category and output power. 

Category Output Power Price (Rp) /kWh 

Small households (R1/TR) 900 VA 1,352,00 

Small households (R1/TR) 1,300 VA 1,444,70 

Small households (R1/TR) 2,200 VA 1,444,70 

Medium households (R2/TR) 3,500VA– 5,500 VA 1,699,53 

Large households (R3/TR) ≥ 6,600 VA 1,699,53 

Medium business (B-2/TR) 6,600 VA – 200 kVA 1,444,70 

Medium government (P-1/TR) 6,600 VA – 200 kVA 1,699,53 

Public street lighting (P-3/TR) > 200 kVA 1,699,53 

     

Therefore, the power obtained from the calculation before is converted to 88.497 

Watts hour. Then, to find out the benefits in terms of cost, this value needs to be converted 

into rupiah and multiplied by a certain time span.  It was found that through the design 

of an axial flux permanent magnet generator, the cost incurred was Rp 4,510,692 per 

month and Rp 54,128,305 per year as shown in Table 4. This proves that there is a saving 

cost of 57.68% compared to the cost without an axial flux permanent magnet generator 

which costs Rp 7,819,111 per month and Rp 93,829,334 per year. This certainly is not a 

small number in a company's expenses. From that point, the application of axial flux 

permanent magnet generators in wind turbines to support ASC is absolutely needed. 

𝑘𝑊ℎ =  
𝑃(𝑤) × 𝑇 (ℎ𝑟)

1000
 (15) 

Table 4. Consumption cost. 

Time Cost 

30 days 

365 days  

3650 days 

Rp 4,510,692 

Rp 54,128,305 

Rp 541,283,050 

5. CONCLUSIONS 

Automatic Stacking Cranes (ASCs) are crucial in modern port operations, performing 

lifting, shifting, and stacking operations to ensure container movement. They are 

complemented by yard panels, which integrate with the port's Terminal Operating System 

(TOS) for efficient container handling. However, ASCs rely on electricity from the 

national grid, which can be unstable and cause disruptions to other critical port 

equipment. Wind turbines, which harness wind kinetic energy, can address these 

challenges by generating electricity that can meet the diverse power needs of ASCs. This 

study investigates the optimal structural analysis of Axial Flux Permanent Magnet 

Generators (AFPMGs) to ensure efficient operation and calculate energy losses to 

determine the feasibility of wind turbine systems in supporting ASCs' power 

requirements. This approach represents an environmentally friendly solution for power 

supply without disrupting other equipment's operation. The study has resulted innovative 

wind turbine systems that can adapt to fluctuating wind directions, unlocking the full 

potential of wind energy, particularly in coastal regions with abundant wind resources. 

In this design, it is found that the axial flux permanent magnet generator can produce 

88,497 Watts of power that can support 12 yards panels on the 12 Automatic Stacking 

Cranes. That is a very reasonable benefit, where only 2 wind turbines are needed to be 

able to supply the main power more efficiently for one port which generally has 20 ASCs. 

The AFPMG also can produce an average rotational speed of 1,655 rpm which is greater 

than the assumed average rotational speed of 1,500 rpm that makes the turbine can 

convert more kinetic energy from the wind into the mechanical energy needed to turn the 
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turbine shaft and ultimately generate more electricity. This is reinforced by calculation 

data related to electricity cost savings that occur amounting to 39,701,029 rupiah per year 

or equivalent to 57.68%. So therefore, the port only needs to spend around 4,510,692 

rupiah per month, 54,128,305 per year, and 541,283,050 rupiah per 10 years for 

Automatic Stacking Crane which is certainly very profitable for the company. 
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