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Abstract: The increasing demand for energy, combined with environmental concerns, has driven the adoption of renewable energy 

sources such as photovoltaic (PV) systems. However, integration of PV systems with the electrical grid often introduces issues related to 

power factor, which can reduce the overall efficiency and stability of the grid. This paper explores methods for improving  the power 

factor in a system connected to the grid with a PV installation. We analyze the challenges of maintaining an optimal power factor in the 

presence of PV generation, including variations in solar irradiance and grid conditions. A hybrid power factor correction technique 

involving both passive and active compensation strategies is proposed. The integration of a reactive power controller with the PV 

inverter system is also examined to dynamically manage the power factor while ensuring maximum energy generation from the solar 

array. Simulation results demonstrate that the proposed approach effectively reduces harmonic distortion, minimizes reactive power 

losses, and stabilizes grid voltage, leading to enhanced grid performance and energy efficiency. The findings highlight the importance 

of advanced power factor correction techniques for reliable and sustainable integration of renewable energy systems into the electrical 

grid 
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I.INTRODUCTION 

The integration of renewable energy sources, particularly photovoltaic (PV) systems, into the electrical grid has 

gained significant traction due to the need for sustainable energy solutions and reduced carbon emissions. However, while 

PV systems offer numerous advantages, such as reduced electricity costs and minimal environmental impact, they introduce 

several challenges to grid stability and power quality. One of the most prominent issues is the power factor, which plays a 

crucial role in determining the efficiency of electrical systems. Power factor refers to the ratio of real power to apparent 

power in a system, and a low power factor can lead to inefficient energy use, higher transmission losses, and increased 

stress on grid infrastructure. 

In a PV-integrated grid system, the power factor can be adversely affected by several factors, including the 

intermittent nature of solar power, fluctuations in solar irradiance, and the non-linear behavior of PV inverters. These 

fluctuations result in variations in the active and reactive power balance, making it difficult to maintain an optimal power 

factor at all times. If the power factor is not properly managed, it can lead to voltage instability, increased reactive power 

flow, and potential penalties from utility providers for not meeting power factor requirements. 

This paper aims to explore methods for improving the power factor in a system connected to the grid with a PV 

installation. The study focuses on both passive and active power factor correction techniques, with an emphasis on the 

integration of reactive power control in PV inverters to optimize grid performance. Through simulation and analysis, we 

demonstrate the effectiveness of these approaches in enhancing the power factor, reducing losses, and ensuring reliable 

integration of PV systems into the electrical grid. 

 

II. DETERMINE THE POWER FACTOR REQUIREMENT 

Determine the target power factor that the system needs to achieve. For example, 

 Desired Power Factor (PF): 0.95 or 1.0 (depending on industry standards and local regulations). 

 

2.1. Estimate Reactive Power Demand 

 If the power factor needs to be improved, calculate the reactive power (Q) that is currently being supplied by the grid. 

 Formula for reactive power: 

Q= sqrt (S^2−P^2) 
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2.2. Identify PV System Capacity to Improve Power Factor 

 The PV system's role in improving power factor is by supplying active power (P) to the grid, which reduces the load 

on the grid. 

 Determine the capacity of the PV system needed to supply a portion of the active power. This would be done based 

on the following: 

 PV Power (kW) = Prequired = Pgrid× (1−target PF) For example, if the target power factor is 0.95 and the current PF 

is 0.8, the system should aim to deliver power to bring the PF closer to 1. 

 

2.3. Sizing The PV System Based on Power Factor Improvement 

A PV system can only provide real power (kW), and its contribution to reactive power is minimal. To improve power 

factor, the PV system must be sized appropriately to reduce the burden on grid-generated active power. This allows other 

components (such as capacitors or synchronous condensers) to better handle reactive power compensation.  

 Calculate the Active Power Supplied By The Grid: If you know the load and the power factor of the grid, use the 

formula to calculate the real power from the apparent power: P=S×PFP = S \times \text{PF}P=S×PF Then, calculate 

the required increase in the real power (from the PV system) that will improve the power factor.  

 

2.4. Final Calculation Example 

Suppose: 

 The total apparent power SSS required by the system is 100 kVA. 

 The current power factor is 0.8. 

 The desired power factor is 0.95. 

 Step 1: Calculate real power required. 

P required=S×PF=100×0.8=80 kW 

 Step 2: Calculate the reactive power. 

Q current= sqrt (S^2−P^2) 

= sqrt (100^2−80^2) = sqrt (10000−6400) 

= sqrt (3600) = 60 kVAR 

 Step 3: Calculate the target real power required for a PF of 0.95. 

P target =100×0.95=95 kWP 

This means the PV system will need to supply 15 kW of real power to meet the power factor target. 

Designing a PV grid system for power factor improvement requires a careful assessment of the active power 

requirements and the current power factor. The PV system itself primarily provides active power (real power), which 

reduces the load on the grid and helps improve the power factor. For more effective PF correction, integrating additional 

reactive power compensation systems (like capacitors) is often necessary. 

 

III.IMPLEMENTATION OF PROPOSED SYSTEM 
BLOCK DIAGRAM FOR A SYSTEM WITH CONNECTED PV GRID OF 10kwp AND APFC 8 

 
 

Fig.1 Block diagram for proposed system 

 

3.1. 30 KW, 14 KVAR Load 3 Phase: 

A 3-phase load with 30 kW of real power and 14 kVAR of reactive power, it is to calculate key electrical parameters 

such as apparent power (S), power factor (pf), and line current (I). Below are the calculations based on the given values.  

Given: 

 Real power (P) = 30 kW 

 Reactive power (Q) = 14 kVAR 

KVAR 

 
  

 KVA 

11KV 

 ̀

 

GRID 

ACB 

  

ACB 
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 Line-to-line voltage (V_L) = 400 V (assuming this value, but you can adjust if different) 

 

3.2 Total Apparent Power (S): 

The apparent power (S) is the vector sum of real and reactive power: 

S2=P2+Q2 S = sqrt {P^2 + Q^2} 

 

Substituting the given values: 

S2= (30)2+ (14)2 

S = sqrt {(30) ^2 +(14) ^2} 

S = sqrt {900+196} = sqrt {1096} ≈33.12 kVA 

So, the apparent power (S) is approximately 33.12 kVA. 

 

3.3 Power Factor (PF): 

So, the power factor is approximately 0.905 (lagging). 

 

3.3.1 LINE CURRENT (I): 

So, the line current (I) is approximately 47.8 A. 

 Apparent Power (S): S≈33.12kVA 

 Power Factor (pf): pf≈0.90 pf≈0.905 (lagging) 
 Line Current (I): I≈47.8 AI 

 

3.3.2 FOR A 30 KW, 14 KVAR Load In A 3-Phase System with A 400 V Line To-Line Voltage: 

 The apparent power is approximately 33.12 kVA. 

 The power factor is approximately 0.905 (lagging), which indicates the load is inductive. 

 The line current is approximately 47.8 A. 

 

3.3.3. Key Parameters for A 10 Kwp Grid-Connected PV System: 

 Installed capacity (KWP): The system is designed to produce 10 kW under ideal conditions (full sunlight, optimal 

temperature, etc.). This is the "peak" power, but the actual output will depend on real-world conditions, such as: 

o Solar Irradiance: The amount of sunlight that hits the panels. 
o Temperature: Solar panel efficiency decreases with temperature. 
o Panel Orientation and Tilt: The angle and direction of the panels affect their energy production. 
o Inverter Efficiency: The efficiency of the inverter that converts DC electricity from the panels into AC for the grid. 

 

 Energy Production: The actual energy produced by the system depends on how many hours per day the system 

operates at its peak output. For example: 

o In a location with good sunlight, the PV system may generate 10 kW during peak sunlight hours, but typically, 
PV systems do not operate at peak capacity all day. 

o A typical Sunlight Peak hour might be around 4-6 hours per day, depending on location and season. 

 

3.3.4 Energy Output Calculation: 

Let's estimate the energy output of a 10 kWp PV system based on the following assumptions: 

 Peak Power Output: 10 kW (under ideal conditions). 

 Average Sunlight Hours per Day: 5 hours (this will vary by location). 

The total energy produced per day (in kWh) can be estimated by: 

Under ideal conditions, a 10 kWp PV system could produce approximately 50 kWh of energy per day. 

 

IV. INVERTER AND SYSTEM LOSSES 

In reality, the system will experience some losses due to: 

 Inverter Efficiency: Typically, around 90-98% for modern inverters. 

 Cable Losses: Small losses in cables from the PV system to the inverter and from the inverter to the grid. 

 Panel Efficiency: Solar panels usually operate at an efficiency of 15-20%, depending on the technology. 

After considering typical losses, let's assume an overall system efficiency of 85%. 

The adjusted energy output would be: 

So, the actual energy output might be around 42.5 kWh per day. 

 

4.1. System Performance over Time: 

If the system operates for a full year, the total energy produced (assuming consistent daily output) can be 

estimated: This is the total energy produced annually by the 10 kWp grid-connected PV system. 

 

4.1.1. Grid Connection Considerations: 

 A grid-connected PV system typically works in parallel with the electrical grid. During the day, the system can 
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supply power to the grid when it's generating more electricity than the load requires. 

 Net Metering: In some areas, the system may benefit from net metering, where excess electricity produced by the PV 

system is fed back into the grid, and the owner receives credits for the energy supplied to the grid. 

 

 A 10 kWp PV system can produce 50 kWh per day under ideal conditions, but the actual output is typically lower  

due to inefficiencies and environmental factors. 

 With typical system losses factored in, the expected energy output is around 42.5 kWh per day. 

 Over the course of a year, this system could produce approximately 15,512.5 kWh of energy. 

 

Improving of Power Factor: 

For understanding power factor concept, it is assumed a load ,3 phase consumes 30 kilo Watts and 14 KVR from 

grid then KVA consumed from grid is KVA consumed from grid 

KVA = sqrt (KW^2 +KVAR ^2) 

    =sqrt (30^2+14^2) =33.1058 

Power Factor (PF) = KW/KVA 

    =30/33.1058=.906 Lag 

 

Then it is added 10 KWp +0 KVAR to the existing system for power factor study concept, which shows us that the 

power factor of the same system will be decreased after 10KWp PV Grid connected to System. 

 

Proving P.F is reduced with PV Grid 
KVAR 

 
 
 
 
 
 
 
 
 
 

 
Fig-2 Vector diagram PF Reduction 

 

Now 

the Consumption from the Grid = Total Load -Solar capacity 

   =(30KW+14KVAR) -(10KW+0 KVAR) 

   =20KW+14KVAR 

KVA from the Grid =sqrt (20^2+14^2) = 24.4131 

Power Factor (PF) = KW/KVA 

  = 20/24.4131 = 0.8192 

Thus, the power factor of the system is reduced from 0.906 Lag to 0.8192 Lag when PV Grid Capacity 10 KWp is 

connected in ac system having load 30 KW+14 KVAR Proving P.F is improved with APFC: 

P.F is IMPROVED with APFC 
 
 
 
 
 
 
 
 
 

 
Fig-3 Vector diagram for P.F Improvement 

For improving the above Power Factor (PF) of 0.8192 Lag to 0.9578 Lag, A Capacitive bank (APFC Capacity of 8 

KVAR) is proposed and explain below 

The Consumption from Grid = Total Load -Solar capacity-APFC Capacity 

   = (30KW+14 KVAR) - (10KW+0 KVAR) - (0 KW + 8 KVAR) 

   = (20KW+6 KVAR) 

KVA from the Grid = sqrt (20^2+6^2) =20.88 
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Now 

Power Factor (PF) = KW/KVA 

= 20/20.88 = 0.9578 Lag 

Algorithm/Techniques/Tools Used: 

1. MAT LAB 

2. Digiscilant Factory 

 

Simulation Results: 

 

S. No 

LOAD ON THE SYSTEM 

IN KW (+) or (-) KVAR LOAD 

KVA 

PF OF THE 

SYSTEM (KW/KVA) 
 

REMARKS 

1 20+J6 20.88 0.95 Lag WHEN APFC SUPPLIES AT 8 

KVAR 

2 20+J4 20.39 0.98Lag WHEN APFC SUPPLIES AT 10 

KVAR 

3 20+J0 20 1 UNITY WHEN APFC SUPPLIES AT 14 

KVAR 

4 20-J6 28.88 0.95Lead WHEN APFC SUPPLIES AT 20 

KVAR 

 
Power Factor is improved from 0.8192 Lag to 0.9578 Lag, Earlier the same System without having PV Grid, the 

factor was 0.906 Lag. After Connecting the PV Grid having 8 kvar to this System, the power factor decreases to 0.8192 

Lag. 

Presently the power factor is improved to 0.95 Lag. 

 

Simulation Diagram: 

Fig.5Block diagram for proposed system  

Presently the power factor is improved to 0.95 Lag 

 

V. CONCLUSION 
The project on power factor improvement in a grid-connected photovoltaic (PV) system has demonstrated the critical 

importance of maintaining an optimal power factor for maximizing the efficiency and performance of both the solar power system and 

the overall power grid. Key findings from this study include: 
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