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Abstract 

To prevent environmental pollution and foster new industries, 

the supply of new and renewable energy is widely spreading 

around the world. As the most representative renewable energy 

source, the proportion of PV generation in the power supply 

network is increasing.  PV generation has been popularized for 

residential, commercial, and power plant purposes.  Residential 

PV has been becoming more popular since its prices have been 

reduced with technological improvement.  The output of PV 

system is highly dependent on environmental conditions like 

irradiance, temperature, and partial shading.  Until now, the 

partial shading effect of residential PV system has not been 

analyzed based on the number of shading and shading strength.  

Thus, this paper presents the analysis of PV characteristics for 

residential application under partial shading conditions.  PSIM 

simulation is used to summarize the shading effect of 

residential PV string.  As a result, there are two local Maximum 

Power Point (MPP) under the same shading strength and the 

number of local MPP depends on the number of shading 

strengths for residential PV string. 

Keywords: PV generation, Residential PV, Partial shading, PV 

string. 

 

I. INTRODUCTION 

Photovoltaic (PV) power generation is consisted of one or more 

PV modules combined with PV inverter that use energy from 

the sunlight to generate electricity [1].  PV systems can vary 

greatly in size from residential to massive utility scale PV 

plants [2-3].  Especially, residential PV has been becoming 

more popular since its prices have been reduced and its power 

is averaged around 5 [kW].  For residential PV system, PV 

modules are generally connected in series as a single PV string 

[4-7].  

The output of PV system is highly dependent on environmental 

conditions like irradiance, temperature, and partial shading [8-

10].  Shading reduces the output of the whole string of PV 

modules and excess power from the unshaded power is 

dissipated in the shaded PV modules or cells [11-14]. Until 

now, the partial shading effect of residential PV system has 

been little analyzed based on the number of shading and 

shading strength. Thus, this paper presents the analysis of PV 

characteristics for residential application under partial shading 

conditions. 

In this paper, design of residential PV system is firstly 

presented.  Then, the simulation results under various partial 

shading scenarios are presented.    

 

II. CONFINGURATION OF RESIDENTIAL PV 

SYSTEM UNDER SHADING 

In this paper, residential PV power is designed as 2880 [W]and 

a commercial PV module is chosen as 360 [W].  The electrical 

specifications of the PV module are shown in Table 1.  Based 

on the PV module specification, simulated PV modeling was 

presented as shown in Figure 1(a) and the simulation results 

under varying irradiance and temperature are presented as 

shown in Figure 1(b) and 1(c).  According to this result, it is 

concluded that PV power is increased when the irradiance 

strength is high, or the temperature is low.  The shading effect 

of PV modules is related with the irradiance.  In this paper, the 

temperature condition is maintained to be fixed to consider 

shading effect of PV module because the temperature is fixed 

at a constant value during a short period of the day.  For 

simplicity, it is assumed that single bypass diode is attached at 

the output of PV module.  
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(a) 

 

            

(b)                                                                                                      (c) 

Figure 1. Simulated PV modeling using a commercial PV module specification.  (a) Simulation circuit model, (b) Voltage-power 

characteristics under varying irradiances, (c) Voltage-power characteristics under varying temperature. 

 

Table 1: Specification of a commercial PV module for the 

residential PV system 

Parameter Value 

Maximum power, Pmax 360 [W] 

Voltage at maximum power, Vmp 38 [V] 

Current at maximum power, Imp 9.47 [A] 

Open circuit voltage, Voc 47.0 [V] 

Short circuit current, Isc 9.72 [A] 

 

III. SIMULATION RESULTS 

As one of standard test condition, the irradiance level was 

defined as 1000[W/m2] when there was no shading condition.  

In addition, shading strength was selected as 500[W/m2] and 

250[W/m2] according to the extent of the shading effect.  For 

generating 2880 [W] residential PV system, 8 PV modules are 

connected in series. Totally 14 cases for PV shading are 

considered as shown in Table 2 to generalize PV characteristic 

curve under different shading strengths and patterns.  As 

reference PV characteristics, Case 0 is defined as the condition 

that the eight series PV modules have no shading effect at all.  

Case 1 was defined as a condition in which a shading strength 

500[W/m2] occurred on one of eight modules.  Cases 2 to 8 

show the conditions that shadings are generated only in two PV 

modules with the same shading strength as 500[W/m2], and the 

shading patterns of the two modules are different.  Cases 9 to 

13 show conditions according to the number of PV modules 

with shading as 500[W/m2].  Cases 14 shows the condition 

under different shading strengths of 500[W/m2] and 250[W/m2] 

with the same shading pattern of Case 2.   
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Table 2: Fourteen cases for shading conditions in the residential PV system 

 PV#1 PV#2 PV#3 PV#4 PV#5 PV#6 PV#7 PV#8 

Case 0 1000[W/m2]        

Case 1 500[W/m2]        

Case 2         

Case 3         

Case 4         

Case 5         

Case 6         

Case 7         

Case 8         

Case 9         

Case 10         

Case 11         

Case 12         

Case 13         

Case 14  250[W/m2]       

 

     

(a)                                                                                                                   (b) 

Figure 2. Simulation results of PV characteristics when the shading patterns are different with two shaded PV modules under 

the same shading strength 500[W/m2].  (a) Voltage-current curve of PV array, (b) Voltage-power curve of PV array 

 

Figure 2 shows PV characteristic curves for case 2 to case 8, 

when two PV modules are shaded with the intensity of 500 

[W/m2].  In addition, Case 0 with no shading at all and Case 1 

with 500 [W/m2] shading on a single PV module are considered 

for comparison.  Case 0 has one maximum power point, 

2879[W], and Case 1 has two maximum power points, 2497[W] 

and 1602[W] because the shaded PV module in Case 2 

generates a different current level than the other PV modules 

without shading.  In comparison, Case 2 to Case 8 has all the 

same PV characteristics when two PV modules are shaded with 

different patterns and has two maximum power points, 2153[W] 

and 1636[W].  This is because there are two different current 

levels under 1000[W/m2] and 500[W/m2] irradiance.  When the 

number of shaded PV modules with a particular shading 

strength is the same, the same PV string characteristics are 

shown even though the shading distribution is different.  This 

is because bypass diodes are attached to PV modules and the 

total current flowing through the string circuit is not reduced 

even when the two PV modules are shaded.   
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(a)                                                                                   (b) 

Figure 3. Simulation results of PV characteristics when the number of shaded PV modules are different with the same shading 

strength 500[W/m2].   (a) Voltage-current curve of PV array, (b) Voltage-power curve of PV array. 

 

Figure 3 shows PV characteristic curves when the number of 

shaded PV modules is from 1 to 7 with the same shading 

strength of 500 [W/m2].  When shadows occur on the PV 

modules with the same strength, the maximum power point of 

PV characteristics is always 2 regardless of the number of 

shaded PV modules.  This is because there are only two current 

levels with the current under 500[W/m2] and under 

1000[W/m2].  In addition, as the number of shaded PV modules 

increases, the output power value of the maximum power point 

at a low voltage gradually decreases.  

 

       

(a)                                                                                          (b) 

Figure 4. Simulation results of PV characteristics for Case 14 when the shading strength of two shaded PV modules is different as 

500[W/2] and 250[W/m2] respectively.  (a) Voltage-current curve of PV array, (b) Voltage-power curve of PV array 

 

Figure 4 shows PV characteristic curve for Case 14.  Since 

Cases 14 defines as the condition under different shading 

strengths of 500[W/m2] and 250[W/m2] with the same shading 

pattern of Case 2, the generating current levels are based on the 

irradiance 1000[W/m2], 500[W/m2], and 250[W/m2].  It can be 

said that the number of maximum power points is determined 

by the number of shading strengths. 

Thus, PV characteristics for Case 14 has three maximum power 

points as Global Maximum Power Point (GMPP), Local 

Maximum Power Point1 (LMPP1) and Local Maximum Power 

Point2 (LMPP2).  According to Figure 4, GMPP is 2153[W], 

LMPP1 is 1417[W], and LMPP2 is 850[W].  Under such 

conditions, when PV inverter starts operating at the open circuit 

voltage Voc with the typical Perturbation and Observation (P&O) 

Maximum Power Point Tracking (MPPT) control method, it 

operates at LMPP1 because the first inflection point by P&O 

MPPT method is LMPP1 [15-17].  LMPP1 is 39.5% compared 

to GMPP.  Based on the GMPP point, the optimized MPPT 

method can be developed for a PV string inverter.  It will be 

discussed in the future research.  
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IV. CONCLUSION 

This paper presents analysis of PV characteristics for 

residential application under partial shading conditions.  For 

verifying the analysis method, eight commercial PV modules 

are considered in series for residential PV system by using 

PSIM simulation under shading conditions. When the number 

of shaded PV modules with a particular shading strength is the 

same, the same PV string characteristics are shown even though 

the shading distribution is different.  When shadows occur on 

the PV modules with the same strength, the maximum power 

point of PV characteristics is always 2 regardless of the number 

of shaded PV modules.  The number of maximum power points 

is determined by the number of shading strengths. This 

generalization of PV characteristics under partial shading can 

be used to develop the optimal MPPT method and analyzed 

performance analysis for a residential PV system.  In addition, 

this paper presents the research results on the PV characteristics 

of PV string for residential use, but as an additional research 

field, a study to generalize the shading effect on multi-string 

PV modules for PV commercial or plant use seems to be 

necessary. 
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