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Abstract 

Recently, photovoltaic (PV) generation has been widely 

installed around the world, because it can be used to solve 

fossil-fuel shortage crisis and avoid the environmental crisis 

caused by fossil-fuels.  For a residential PV application, the 

serial connected PV modules are normally designed for 

matching with the corresponding PV inverter specification. In 

this paper, the study on a serially connected PV modules 

characteristics under partial shading condition.  For verifying 

the analysis method, three commercial PV modules are 

considered by using PSIM simulation under varying irradiance 

condition, which means under shading condition. As a result, 

the distorted characteristics of PV array can be easily developed 

under shading conditions by using the proposed analysis 

method.  The proposed simulation modeling could be used in 

the application of PV system performance analysis, especially 

for maximum power pointing tracking (MPPT) performance.  

Keywords: PV generation, PV modules, PV characteristics, 

Shading condition. 

 

I. INTRODUCTION 

PV generation is the conversion of sunlight into an electricity 

using solar cell that exhibit PV effect.  As one of the prominent 

renewable energy sources, PV has been widely industrialized 

and studied around the world, since renewable energy has been 

regarded to solve the environmental problem caused by fossil 

fuel as a new industry and also has large availability in the 

Earth’s crust [1-3].  

As shown in Figure 1, residential PV application are becoming 

more popular with mass adoption because of gradual cost 

reduction along with continuous technical advancements [4-6].  

Residential PV systems, averaging around 5 kilowatts (kW), 

are typically smaller than commercial PV systems, averaging 

closer to 200 kW [7].   

The open circuit voltage of most crystalline silicon PV modules 

is around 40 volts and the configuration of PV modules are 

determined by the corresponding PV inverter.  Especially for 

residential PV application, PV modules are connected serially 

and for most string inverter, the voltage window is between 300 

to 500 volts.  This would mean that the number of serially 

connected PV modules is between 8 and 12 panels.  This creates 

a string circuit and the wiring running from the PV module’s 

negative terminal is connected to the next PV module’s positive 

terminal and so forth down the string line.   

 

Figure 1. U.S. electricity generation from solar PV systems, 

according to U.S. Energy Information Administration, Electric 

Power Monthly. 

 

In the string PV configuration for the residential application, 

there is a critical issue under shading condition.  Specifically, 

the total power is degraded by PV module under shading 

because PV modules are connected in series.  Until now, the 

study on PV module characteristics under the shading condition 

has been conducted little, but the study on the generated power 

output by MPPT function in PV inverter has mainly carried out. 

Thus, this paper presents the study on a serially connected PV 

modules characteristics under partial shading condition, based 

on PSIM software analysis.  

In this paper, a basic modeling of PV module is firstly 

introduced.  Then, the simulation modeling and its results are 

presented under shading condition.    

 

II. MODELING OF PV MODULE 

The modeling of PV modules has been researched widely until 

now [8-12].  The series resistance Rs of PV modeling was 

included, but not the parallel resistance for a moderate 

complexity [13], as shown in Fig. 2 (a).  The same assumption 

is adopted by considering the shunt resistance Rsh very large 

[14], as shown Fig. 2(b).  In this paper, the series and parallel 

resistances are adopted for more higher accuracy [15], as 

shown in Fig. 2(c).   
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By applying Kirchhoff’s current law, current can be obtained 

by the equation: 

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝑑 − 𝐼𝑠ℎ    (1) 

 

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝑜(𝑒
𝑞(𝑉𝑝𝑣+𝐼𝑝𝑣𝑅𝑠)

𝑛𝑘𝑇 − 1) −
(𝑉𝑝𝑣+𝐼𝑝𝑣𝑅𝑠)

𝑅𝑠ℎ
 (2) 

G is irradiance, Ipv is PV module output current, Vpv is PV 

module output voltage, Iph is photo generated current, Rs is 

module series resistance, Rsh is module shunt resistance, Id is 

diode current, k is Boltzmann’s constant, 1.380658*10-23[J/K], 

T is absolute temperature, q is electronic charge 1.60*10-19[C], 

n is diode quality factor, I0 is diode saturation current.   

 

(a) 

 

 

(b) 

 

 

(c) 

Figure 2. The equivalent circuit of PV module.  (a) Ideal 

single diode model, (b) Practical model with Rs, (c) Practical 

model with Rs and Rsh. 

 

This paper is based on the most accurate model of PV model in 

(2) and focuses on the serially connected PV modules under 

shading condition in PSIM simulation.  For practical 

considerations, specification of a commercial PV module for a 

PV string simulation is chosen as shown in Table 1 and the 

corresponding PV module characteristics are developed as 

shown in Fig. 3.  

Table 1: Specification of a commercial PV module for a PV 

string simulation 

Parameter Value Parameter Value 

Pmax 360 [W] Isc 9.72 [A] 

Vmp 38 [V] 
Temperature 

coefficient of Voc 
-0.282 [%/°C] 

Imp 9.47 [A] 
Temperature 

coefficient of Isc 
0.046 [%/°C] 

Voc 47.0 [V] 
Temperature 

coefficient of Pmax 
-0.394 [%/°C] 

 

 

(a) 

 

(b) 

 

(c) 

Figure 3. Simulated PV modeling using a commercial  

PV module specification.  (a) Simulation circuit, (b) Voltage-

current characteristics under varying irradiances, (c) Voltage-

power characteristics under varying irradiances 
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III. SIMULATION RESULTS UNDER SHADING 

CONDITIONS 

Based on the previous simulation model, three different PV 

module connections in series are considered, as single module, 

two modules, three modules in series.  

As shown in Fig. 4, the environmental condition is tested under 

standard test condition, which is 1000[W/m2], airmass 1.5, and 

25[°C].  In other word, shading condition is not considered to 

test the normal performance.   

As shown in Figure 4 (a), the string current has the same short 

circuit current as 9.720[A] and the voltage is increased by the 

number of series connection.   For a single module, the open 

circuit voltage is 46.970[V] and voltage/current at maximum 

power is 37.944[V] and 9.486[V], respectively.  For two and 

three modules connection, open circuit voltage is 93.870[V] 

and 140.708[V], respectively.  Accordingly, maximum power 

is increased by the number of series connection, in the same 

way, as shown in Fig. 4(b).  

 

 

(a) 

 

 

(b) 

Figure 4. Simulation of a string PV modules without shading 

condition. (a) Voltage-current characteristics of three different 

PV module connections, (b) Voltage-power characteristics of 

three different PV module connections. 

 

Table 2: Simulation scenarios for shading condition 

Scenario Shading condition Bypass diode 

Case 1 No shading Not attached 

Case 2 Only one of three PV modules  

has 50% shading. 

Not attached 

Case 3 Attached 

 

 

 

(a) 

 

(b) 

Figure 5. Simulation of a string PV modules without shading 

condition. (a) Voltage-current characteristics of three PV 

module connections in series, (b) Voltage-power characteristics 

of three PV module connections in series. 

In order to verify the performance of PSIM simulation model, 

three different scenarios for shading are considered as Table 2, 

based on three PV modules string connection.  For Case 1, three 

PV modules has the same performance just like Fig. 4.  For 

Case 2, the short circuit current is dramatically decreased from 

9.72[A] in Case 1 to 4.861[A], because the shaded PV module 

affects to the other two PV module power degradation by being 

connected in series.  Thus, the maximum power for Case 2 is 

also decrease from 1080[W] for Case 1 to 607[W].  However, 

for Case 3, the shading effect can be less since the bypass diode 

is attached to the shaded PV module and the unshaded PV 

current has an alternative path to flow.  Thus, for Case 3, there 

are two local maximum power points (MPP) which are 713[W] 

and 607[W].   Thus, it is concluded that power can be less 

generated and hot spot of PV module can be generated when 

bypass diodes are not installed.  This paper focuses on the 

simulated PV modules in series under shading condition and 

more extended research on the analysis of hot spot and different 

local MPP will be discussed in the future research.   
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IV. CONCLUSION 

This paper presents the study on a serially connected PV 

modules characteristics under partial shading condition.  For 

verifying the analysis method, three commercial PV modules 

are considered by using PSIM simulation under shading 

condition. As a result, the distorted characteristics of PV array 

can be easily developed under shading conditions by using the 

proposed analysis method.  The proposed simulation modeling 

could be used in the application of PV system performance 

analysis, especially for maximum power pointing tracking 

(MPPT) performance.   
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