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When designing and analyzing power transmission systems, understanding the relationship between
power, voltage, and current is essential. In this article, we explore the specific question: What current is
needed to transmit 105 MW of power over a transmission line held at a voltage of 25.0 kV? We will delve
into the fundamental electrical principles, perform detailed calculations, and discuss practical considerations
involved in power transmission at this scale.

---

Fundamental Concepts in Power Transmission

Before calculating the required current, it is important to understand the basic electrical relationships
involved in power transmission.

Power, Voltage, and Current Relationship

In AC and DC power systems, the relationship between power (P), voltage (V), and current (I) is generally
expressed as:

- For DC systems:

\[
P = V \times I
\]

- For AC systems (considering power factor, pf):

\[
P = V \times I \times \text{pf}
\]



where:

- P = Power in watts (W)
- V = Voltage in volts (V)
- I = Current in amperes (A)
- pf = Power factor (unitless, typically between 0 and 1)

Since the question specifies a voltage level without mentioning power factor or AC/DC type, we will
assume a typical AC system with a power factor of 1 (unity) for simplicity.

Calculating the Required Current

Given data:

- Power transmitted, \( P = 105\, \text{MW} = 105 \times 10^6\, \text{W} \)
- Voltage level, \( V = 25.0\, \text{kV} = 25,000\, \text{V} \)

Assuming a power factor of 1, the current I can be calculated as:

\[
I = \frac{P}{V}
\]

Calculation:

\[
I = \frac{105 \times 10^6\, \text{W}}{25,000\, \text{V}} = 4200\, \text{A}
\]

Therefore, the current needed is approximately 4200 amperes.

---

Implications of High Current in Power Transmission

Transmitting large amounts of power over transmission lines involves managing significant current levels.
Here are some key considerations:



1. Conductor Selection

- Conductors must be capable of handling high currents without excessive heating.
- Material choices typically include aluminum, copper, or aluminum reinforced with steel (ACSR
conductors).
- Conductor cross-sectional area must be designed to limit temperature rise and prevent damage.

2. Power Losses and Line Efficiency

- Resistance in conductors causes I²R losses.
- Higher current increases losses; hence, high-voltage transmission is used to reduce current for the same
power level.
- The calculated 4200 A is substantial, emphasizing the need for appropriate conductor sizing and possible
use of high-voltage transmission to improve efficiency.

3. Voltage Drop and Line Regulation

- Large currents cause voltage drops along the line, affecting voltage regulation.
- Maintaining voltage levels within specified limits requires careful system design.

Strategies to Transmit Large Power at Lower Currents

While the calculation above assumes a voltage of 25 kV, in practical systems, transmission occurs at much
higher voltages (e.g., 110 kV, 220 kV, or higher) to minimize current and associated losses.

Advantages of higher transmission voltages include:

- Reduced current for the same power, leading to lower conductor current and reduced I²R losses.
- Smaller conductor sizes, decreasing material costs and physical footprint.

Example:

If the transmission voltage is increased to 220 kV, the required current becomes:

\[
I = \frac{105 \times 10^6}{220,000} \approx 477\, \text{A}
\]



which is significantly lower than 4200 A, making system design more manageable.

---

Practical Considerations in Power Transmission

Transmitting 105 MW over a transmission line at 25 kV is theoretically straightforward using the power
formula, but practical systems typically avoid such low voltages for high power due to the high current
and associated challenges.

Key practical considerations include:

- Voltage Level Selection: Higher voltages are preferred to keep current within manageable limits.
- Insulation Requirements: Higher voltages require more insulation to prevent arcing and electrical
breakdown.
- Line Losses: Managing resistive losses with appropriate conductor materials and sizes.
- Safety and Reliability: Ensuring equipment and personnel safety at high currents and voltages.
- Economic Factors: Balancing the costs of higher voltage transmission versus the benefits of reduced losses.

---

Conclusion

To transmit 105 MW of power over a transmission line held at 25.0 kV, the approximate current required
is 4200 amperes assuming a power factor of 1. In real-world applications, transmitting such high power at
this voltage level is inefficient and would necessitate the use of much higher voltages to reduce the current
to manageable levels, thereby minimizing losses and equipment costs.

Understanding these principles is vital for electrical engineers designing efficient, safe, and cost-effective
power transmission systems. Proper conductor sizing, voltage level selection, and system planning ensure
the reliable delivery of electrical power across vast distances, meeting the demands of modern society.

---

Keywords: power transmission, current calculation, voltage level, high-voltage transmission, power factor,
electrical engineering, conductor sizing, line losses, efficiency.



Frequently Asked Questions

What is the current required to transmit 105 MW of power over a
transmission line at 25.0 kV?
The current needed is approximately 4200 A, calculated using I = P / V, so I = 105,000 kW / 25.0 kV =
4200 A.

How does increasing the transmission voltage affect the current required
for transmitting a fixed power of 105 MW?
Increasing the transmission voltage decreases the current needed, since current is inversely proportional to
voltage (I = P / V).

What are the potential challenges of transmitting 105 MW at a current of
about 4200 A over a 25.0 kV line?
High current levels lead to increased resistive losses, heating, and the need for thicker conductors, which
can increase costs and engineering complexity.

Why is it advantageous to transmit large power levels like 105 MW at
higher voltages?
Higher voltages reduce the current for a given power, minimizing power losses and improving
transmission efficiency.

If the transmission line voltage is increased to 50.0 kV for transmitting
105 MW, what would be the new current?
The current would be halved to approximately 2100 A, since I = P / V, so I = 105,000 kW / 50.0 kV.

What are the typical voltage levels used in high-voltage transmission
lines for transmitting large amounts of power?
High-voltage transmission lines typically operate at voltages ranging from 110 kV up to 765 kV to
efficiently transmit large power levels like 105 MW.

How does the resistance of transmission lines impact the power



transmitted at a certain current and voltage?
Higher resistance leads to greater power losses (I²R losses), which reduces the efficiency of power
transmission and may necessitate higher voltages or thicker conductors.

What safety considerations are important when transmitting 105 MW at a
current of around 4200 A over a 25.0 kV line?
Proper insulation, grounding, and safety protocols are essential to prevent electrical hazards, as high
currents and voltages pose risks of arcing, equipment failure, and safety hazards to personnel.

Additional Resources
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In the realm of electrical engineering and power transmission, understanding the relationship between
power, voltage, and current is fundamental. When transmitting large amounts of electrical power across
vast distances, engineers must carefully select appropriate voltage levels and current ratings to ensure
efficiency, safety, and reliability. A common question that arises in such contexts is: What current is needed
to transmit 105 megawatts (MW) of power over a transmission line held at a voltage of 25.0 kilovolts (kV)?

This query, seemingly straightforward, involves underlying principles that influence the design and
operation of power systems worldwide. Whether powering cities, industrial facilities, or remote
communities, the calculations and considerations surrounding power transmission are critical for optimizing
performance and minimizing losses. This article delves into the fundamental concepts, detailed calculations,
and practical implications of transmitting high electrical power at specified voltages, providing a
comprehensive and reader-friendly exploration suited for engineers, students, and curious minds alike.

Understanding Power Transmission Fundamentals

Power, Voltage, and Current: The Core Relationship

At the heart of electrical power transmission lies a simple, yet profound relationship:

\[ P = V \times I \]

where:



- \( P \) is the power in watts (W),
- \( V \) is the voltage in volts (V),
- \( I \) is the current in amperes (A).

This equation states that the power transmitted is the product of the voltage across the transmission line and
the current flowing through it. When dealing with large-scale power systems, these quantities are often
expressed in larger units:
- Power (\( P \)) in megawatts (MW), where 1 MW = 1,000,000 W,
- Voltage (\( V \)) in kilovolts (kV), where 1 kV = 1,000 V,
- Current (\( I \)) in kiloamperes (kA), where 1 kA = 1,000 A.

Understanding how these units relate is crucial for accurate calculations and system design.

Efficiency and Power Losses in Transmission Lines

While transmitting power, one of the key considerations is minimizing losses due to resistance in the
transmission lines. The power loss (\( P_{loss} \)) in a line is given by:

\[ P_{loss} = I^2 R \]

where:
- \( R \) is the resistance of the transmission line in ohms (Ω),
- \( I \) is the current in amperes (A).

Higher currents lead to increased losses, which is why transmitting power at higher voltages (and thus
lower currents for the same power level) is advantageous. This principle underpins the use of high-voltage
transmission lines to improve efficiency and reduce costs.

---

Calculating the Required Current for the Given Power and
Voltage

Given Data

- Power to be transmitted: \( P = 105\, \text{MW} \)
- Transmission line voltage: \( V = 25.0\, \text{kV} \)



First, ensure units are consistent:

- Convert power to watts:

\[ P = 105\, \text{MW} = 105 \times 10^6\, \text{W} \]

- Convert voltage to volts:

\[ V = 25.0\, \text{kV} = 25,000\, \text{V} \]

Applying the Power-Current Relationship

Using the basic formula:

\[ I = \frac{P}{V} \]

we substitute the known values:

\[ I = \frac{105 \times 10^6\, \text{W}}{25,000\, \text{V}} \]

Calculating:

\[ I = \frac{105,000,000}{25,000} \]

\[ I = 4,200\, \text{A} \]

or

\[ I = 4.2\, \text{kA} \]

This is the current required to transmit 105 MW at 25.0 kV without considering any additional factors such
as power factor, line losses, or system inefficiencies.

---

Considering Power Factor and Real Power Transmission



What Is Power Factor?

In real-world power systems, the power delivered is often not purely resistive; it includes reactive
components due to inductance and capacitance in the system. The power factor (PF) is a measure of how
effectively the current is being used to transmit active (real) power:

\[ \text{PF} = \cos \phi \]

where \( \phi \) is the phase angle between voltage and current.

The actual power transmitted (real power \( P \)) relates to apparent power \( S \) (measured in volt-
amperes, VA) as:

\[ P = V \times I \times \text{PF} \]

or

\[ I = \frac{P}{V \times \text{PF}} \]

Impact of Power Factor on Current Calculation

Suppose the power factor is less than 1, say 0.95, indicating some reactive power component. The
calculation of current then becomes:

\[ I = \frac{105 \times 10^6\, \text{W}}{25,000\, \text{V} \times 0.95} \]

\[ I \approx \frac{105,000,000}{23,750} \]

\[ I \approx 4,421\, \text{A} \]

or roughly 4.42 kA. This illustrates that lower power factor increases the current required for the same
amount of real power transmitted, emphasizing the importance of maintaining a high power factor in
transmission systems.

---

Practical Considerations in Power Transmission



High-Voltage Transmission: Why 25.0 kV?

In practical scenarios, transmission lines operate at significantly higher voltages—often hundreds of
kilovolts—to reduce the current and, consequently, the power losses. The example of 25.0 kV is relatively
low for large-scale transmission but could represent a segment of the system, distribution voltage levels, or
a specific application.

Lower voltage lines require higher currents for the same power, leading to increased resistive losses and
thicker conductors, which raise costs and complexity. Conversely, high-voltage transmission lines (e.g., 110
kV, 220 kV, or higher) are employed for long-distance power transfer precisely to minimize these issues.

Line Resistance and Loss Calculations

Suppose the transmission line has a resistance \( R \) of 0.05 Ω per kilometer, and the line length is 50 km.
The total resistance:

\[ R_{total} = R \times \text{length} = 0.05\, \Omega/km \times 50\, km = 2.5\, \Omega \]

Using the current calculated earlier (4.2 kA), the power loss:

\[ P_{loss} = I^2 R_{total} = (4200)^2 \times 2.5 \]

\[ P_{loss} = 17,640,000 \times 2.5 = 44,100,000\, \text{W} \]

or approximately 44.1 MW. This significant loss underscores the importance of using higher voltages and
optimizing transmission parameters.

Strategies to Minimize Losses and Optimize Transmission

- Increase Transmission Voltage: Transmitting at higher voltages reduces current for the same power,
decreasing \( I^2 R \) losses.
- Use Conductors with Lower Resistance: Materials like aluminum or copper, with proper engineering,
reduce line resistance.
- Implement Power Factor Correction: Using capacitors or other devices to improve power factor reduces
the effective current.
- Employ Advanced Technologies: Superconducting cables and HVDC systems can dramatically reduce
losses over long distances.



Conclusion: Balancing Voltage, Current, and Efficiency

Transmitting large amounts of power such as 105 MW over a transmission line held at 25.0 kV requires a
substantial current — specifically, approximately 4.2 kiloamperes in the idealized calculation. However,
real-world systems are far more complex, factoring in power factor, line resistance, and system losses.

The fundamental principle remains: increasing the voltage reduces the necessary current, which in turn
minimizes resistive losses and enhances efficiency. As power demands grow and the need for sustainable,
reliable electricity transmission becomes more urgent, engineers continually innovate to optimize these
parameters—balancing voltage levels, conductor materials, and system designs to deliver power safely and
efficiently across vast distances.

Understanding the relationships between power, voltage, and current not only illuminates the technical
challenges faced by power system engineers but also highlights the importance of meticulous planning and
technological advancement in powering our modern world.
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