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solar cell contributes to the overall power output of the module, harnessing sunlight to generate clean,
renewable energy. Understanding how these cells work together, their configuration, and the factors
influencing their performance is crucial for anyone interested in solar energy systems. This article explores
the structure and functioning of a typical photovoltaic (PV) module composed of 36 cells wired in series,
focusing on their performance under standard test conditions and the various factors impacting their
efficiency.

Understanding the Basic Structure of a PV Module

What Is a PV Module?
A photovoltaic (PV) module, commonly known as a solar panel, is a device that converts sunlight directly
into electricity through the photovoltaic effect. It comprises multiple solar cells assembled into a single unit,
designed to provide a specific voltage and current output suitable for various applications.

Composition of a Typical PV Module
- Number of Cells: 36 cells
- Cell Type: Usually crystalline silicon (monocrystalline or polycrystalline)
- Wiring Configuration: All cells wired in series
- Encapsulation: To protect against environmental factors
- Backsheet: To insulate and provide mechanical support
- Frame: Typically aluminum for durability and ease of mounting

The Significance of Series Wiring in PV Modules



What Is Series Wiring?
In series wiring, the positive terminal of one cell connects to the negative terminal of the next, creating a
chain. This configuration adds the voltages of individual cells, resulting in a higher overall voltage output.

Advantages of Series Connection
- Increased voltage output proportional to the number of cells
- Simplified wiring and system design
- Suitable for applications requiring higher voltage levels

Potential Drawbacks
- If one cell underperforms or is shaded, the entire string’s current can be limited
- Requires voltage matching for optimal performance

Electrical Characteristics of a 36-Cell Series Module

Standard Test Conditions (STC)
At 1-sun insolation (1kW/m2), standard temperature (25°C), and AM 1.5 solar spectrum, each cell in the
module exhibits certain electrical characteristics:

- Open-Circuit Voltage (Voc): Approximate voltage when no load is connected
- Short-Circuit Current (Isc): Current when the terminals are shorted
- Maximum Power Point (Pm): The point where the product of current and voltage is maximum

Performance of a Single Cell Under 1-sun
- Voltage: Approximately 0.5 V (for crystalline silicon cells)
- Current: Varies depending on cell size and efficiency

Calculating the Module’s Voltage and Current
Since all 36 cells are wired in series:

- Module Voltage (Vmp): 36 × Voc of a single cell
- Module Current (Imp): Approximately equal to the current of a single cell (limited by the weakest cell)



Example Calculation:

| Parameter | Typical Single Cell | Module Calculation |
|--------------|---------------------|---------------------|
| Voc per cell | 0.6 V | 36 × 0.6 V = 21.6 V |
| Isc per cell | 3.5 A | Imp ≈ 3.5 A |

Note: Actual values depend on cell quality and environmental conditions.

Performance Under 1-sun Insolation (1kW/m2)

Understanding 1-sun Insolation
- Represents the standard amount of solar radiation received on a clear day at solar noon
- Equivalent to 1,000 watts of solar energy per square meter
- Used as a baseline to compare solar panel performance

Impact on a PV Module
- Under 1-sun conditions, the module produces its rated power
- The maximum power output (Pmax) can be estimated as:

Pmax = Vmp × Imp

- For a typical 36-cell module:
- Vmp: Approximately 21.6 V
- Imp: Approximately 3.5 A
- Pmax: 75.6 Watts

This value can vary depending on the specific cell efficiency and module design.

Factors Affecting the Performance of a 36-Cell Series PV Module

Temperature Effects
- Higher temperatures decrease voltage output
- Temperature coefficient indicates how much voltage drops per degree Celsius increase



- Optimal operating temperature is around 25°C for maximum efficiency

Shading and Partial Cell Coverage
- Partial shading of cells can significantly reduce current
- Series wiring amplifies the impact of shaded cells
- Use bypass diodes to mitigate shading effects

Mismatch and Degradation
- Variations in cell manufacturing lead to mismatch losses
- Over time, cells degrade, reducing efficiency
- Regular maintenance and monitoring are crucial

Environmental Conditions
- Dust, dirt, and snow can block sunlight
- Weather conditions such as rain and humidity can affect performance
- Proper installation and cleaning extend panel lifespan

Design Considerations for 36-Cell PV Modules

Voltage and System Compatibility
- Ensuring the module voltage matches inverter input requirements
- Series wiring increases voltage, but current remains limited

Series vs. Parallel Wiring
- Series wiring increases voltage
- Parallel wiring increases current
- Combining both in hybrid configurations can optimize system performance

Choosing the Right Module for Your Application
- Determine the required voltage and current
- Consider environmental exposure



- Balance between efficiency and cost

Benefits of Using 36-Cell Series PV Modules

- High Voltage Output: Suitable for grid-tie systems
- Modular Design: Easy to expand or replace
- Standardization: Widely available and tested
- Cost-Effective: Mass production reduces costs

Conclusion

A PV module composed of 36 identical cells wired in series is a fundamental component in solar energy
systems. Under standard test conditions with 1-sun insolation, each cell contributes to a total voltage that
enables the module to deliver usable power for various applications. The series wiring configuration
ensures a high-voltage output, making these modules ideal for grid-connected systems and other high-
voltage applications. However, to maximize performance, factors such as temperature, shading, and
degradation must be carefully managed. With ongoing advancements in solar cell technology and system
design, 36-cell series modules continue to be a reliable and cost-effective choice for harnessing renewable
energy from the sun.

---
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Frequently Asked Questions

What is the total voltage output of the PV module made up of 36 series-
connected cells under 1-sun insolation?
The total voltage is approximately 36 times the voltage of a single cell. If each cell produces about 0.6V
under 1-sun, the total voltage would be around 21.6V (36 x 0.6V).

How does wiring 36 cells in series affect the current output of the PV



module?
Wiring cells in series maintains the same current through all cells, so the current output is limited to the
current of a single cell, typically around 5-8A depending on cell size and illumination.

What is the significance of all cells being identical and wired in series in
this PV module?
Using identical cells ensures uniform current flow, and wiring in series increases the overall voltage,
which is essential for matching the voltage requirements of the load or inverter.

Under 1-sun insolation, how much power can this PV module generate?
Assuming each cell's area and efficiency are typical, the power output can be estimated by multiplying the
total voltage (about 21.6V) by the current (say 6A), resulting in approximately 129W under ideal
conditions.

What are the advantages of connecting cells in series versus parallel in
PV modules?
Connecting cells in series increases voltage to match load requirements and reduces resistive losses, while
parallel connections increase current but maintain voltage, so series wiring is preferred for voltage
matching.

How does 1-sun insolation (1kW/m²) influence the performance of this
PV module?
Under 1-sun insolation, the module receives the standard solar irradiance, allowing for predictable and
maximum power output based on the cells' characteristics, assuming no shading or dirt interference.

Additional Resources
A PV Module Made Up Of 36 Identical Cells, All Wired In Series, With 1-sun Insolation (1kW/m²): An In-
Depth Analysis

Photovoltaic (PV) technology has emerged as a cornerstone of renewable energy solutions worldwide.
Central to this technology is the PV module, the fundamental unit responsible for converting sunlight into
usable electrical energy. When a PV module comprises 36 identical solar cells wired in series, it embodies a
specific design choice that influences performance, efficiency, and application. This article provides a
comprehensive exploration of such a module, examining its structural configuration, electrical
characteristics, performance under standard conditions, and the broader implications for solar energy



deployment.

Understanding the Basic Structure of the PV Module

Composition of the 36 Cells
A typical PV module with 36 cells is often designed as a monocrystalline or polycrystalline silicon-based
panel. Each cell, usually measuring around 156mm x 156mm (6 inches x 6 inches), is a photovoltaic diode
capable of converting sunlight into electrical energy. When combined, these cells form the core of the
module, encapsulated within protective layers of glass, encapsulant (like EVA), and a backsheet.

- Material and Technology: The cells are predominantly made of crystalline silicon, with monocrystalline
cells offering higher efficiencies (~20%) compared to polycrystalline (~15-17%).
- Cell Dimensions: Uniformity in size simplifies manufacturing and wiring but also impacts the module’s
electrical parameters.
- Series Wiring: Connecting cells in series sums their voltages while keeping the current constant, a
configuration that influences the module's output characteristics.

Series Connection of Cells: Rationale and Implications
Wiring all 36 cells in series means that the positive terminal of one cell connects to the negative terminal of
the next, forming a chain.

- Voltage Generation: Each silicon cell typically produces about 0.5V under standard test conditions (STC).
Therefore, a string of 36 cells yields a nominal open-circuit voltage (Voc) of approximately 18V.

- Current Consistency: The current passing through the series string equals the current generated by the
individual cells, assuming uniform illumination and identical characteristics.

- Advantages:
- Higher voltage output simplifies system design, reducing the need for complex power electronics.
- Efficient transfer of energy over longer distances with minimal losses.

- Challenges:
- The entire module’s performance is limited by the weakest cell (mismatch issues).
- Shadowing or shading effects on even a single cell can significantly reduce the overall current and power
output.



Electrical Characteristics Under 1-sun Insolation

Standard Test Conditions (STC) and 1 kW/m² Illumination
The performance metrics of the PV module are typically evaluated under standardized conditions known
as Standard Test Conditions, which assume:

- Irradiance: 1000 W/m² (1-sun insolation)
- Cell Temperature: 25°C
- Air Mass: 1.5 (spectral distribution)

These conditions provide a baseline for comparing different modules.

Key Electrical Parameters
For a module with 36 series-connected cells, typical electrical parameters under 1-sun illumination might
include:

- Open-Circuit Voltage (Voc): Approximately 18V
- Short-Circuit Current (Isc): Varies depending on cell efficiency and area, often in the range of 5-8A
- Maximum Power Point (Pm): Product of voltage (Vmp) and current (Imp), generally around 80-100W
for such a configuration
- Maximum Power Voltage (Vmp): Usually close to 17-18V
- Maximum Power Current (Imp): Approximately 4.5-5.5A

Note: These values are approximate and depend on manufacturing specifics, the quality of cells, and
environmental conditions.

Performance Analysis and Efficiency Considerations

Calculating Power Output
Under ideal 1-sun conditions, the theoretical maximum power output (Pmax) of the module can be
estimated as:

\[ P_{max} = V_{mp} \times I_{mp} \]

Assuming Vmp ≈ 17.5V and Imp ≈ 5A,



\[ P_{max} ≈ 17.5V \times 5A = 87.5W \]

This theoretical figure aligns with typical module ratings.

Efficiency of the Module
The efficiency (η) of the PV module indicates how well it converts incident solar energy into electrical
energy:

\[ η = \frac{P_{max}}{A \times I_{solar}} \times 100\% \]

Where:
- \(A\) = area of the module (m²)
- \(I_{solar}\) = solar irradiance (W/m²)

Suppose the module’s area is approximately 1m²:

\[ η ≈ \frac{87.5W}{1m^2 \times 1000W/m^2} \times 100\% = 8.75\% \]

This efficiency is relatively low compared to modern high-efficiency panels, which can exceed 20%, but it
serves as a baseline for understanding the module's performance under ideal conditions.

Impact of Series Configuration on Performance
While series wiring simplifies voltage summation, it makes the module more susceptible to certain issues:

- Mismatch Losses: Differences in cell performance degrade overall output.
- Shadow Effect: Partial shading on one cell can drastically reduce the current.
- Voltage Limitations: The series voltage is limited by the number of cells; adding more cells increases
voltage but can complicate system design.

Environmental Factors and Real-World Performance

Effect of Temperature
Cell temperature significantly impacts PV performance:

- Voltage Drop: Higher temperatures cause a reduction in Voc and Vmp, decreasing overall power output.
- Efficiency Loss: Typically, an increase of 1°C above 25°C results in approximately 0.3% loss in efficiency.



- Cooling Mechanisms: Proper mounting and airflow can mitigate temperature effects.

Impact of Shading and Mismatch
Since all cells are wired in series, shading on even a single cell can lead to:

- Current Limitation: The entire string’s current is limited by the shaded cell.
- Hot Spot Formation: Excessive current through shaded cells can cause localized heating and damage.
- Mitigation Strategies:
- Bypass diodes across cells or groups of cells
- Proper shading analysis and installation practices

Applications and Practical Considerations

Suitability for Different Systems
A 36-cell series string module with approximately 18V Voc is well-suited for:

- Stand-Alone Systems: Off-grid applications like remote sensors, small cabins, or water pumping.
- Grid-Connected Systems: As part of larger arrays, where inverters can handle the voltage and current
characteristics.

System Design Implications
Designing systems with such modules requires attention to:

- Matching Inverter Input Voltages: Ensuring the inverter can handle the array’s voltage range.
- Series and Parallel Configurations: Connecting multiple modules in series or parallel to achieve desired
voltage and current.
- Protection Devices: Incorporating fuses, bypass diodes, and surge protectors to safeguard against faults and
shading effects.

Future Perspectives and Technological Innovations



Advancements in Cell Technology
Improvements in cell efficiency and manufacturing are continually enhancing the performance of modules
similar to the one described, including:

- Passivated Emitter and Rear Cell (PERC) technology
- Heterojunction (HJT) and Perovskite cells
- Bifacial modules capturing sunlight from both sides

Integration with Smart Systems
Modern PV modules are increasingly integrated with:

- Maximum Power Point Tracking (MPPT) systems
- Monitoring and diagnostics for performance optimization
- Building-integrated photovoltaics (BIPV) for aesthetic and functional applications

Conclusion
A PV module composed of 36 identical cells wired in series under 1-sun insolation provides a foundational
example of photovoltaic design principles. While relatively straightforward, this configuration encapsulates
critical considerations around electrical performance, environmental influences, and system integration.
Understanding these factors is essential for optimizing solar energy systems, whether for small-scale off-
grid applications or large-scale solar farms. As technology advances, such modules will continue to evolve,
offering higher efficiencies, better resilience, and broader applicability, ultimately contributing to the global
transition toward sustainable energy sources.
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