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1 INTRODUCTION 

It is important to pay attention to general design rules in PV module string design and the planning of PV 

systems. However, some design rules state that only an equal number of PV modules should be 

connected to an MPP tracker so that losses can be excluded. Due to advances in modern technology, this 

guideline no longer applies in some cases.  

 

Local requirements and individual conditions mean that a completely symmetrical string arrangement on 

roofs is sometimes not possible. As a result, the roof surface often does not permit an equal number of PV 

modules from strings connected in parallel. In the case of inverters with an MPP tracker, according to the 

aforementioned design rule, this would mean that the entire string would have to be omitted. However, 

omitting an entire string can lead to a loss of several kWp in the commercial sector.  

It is not only spatial conditions that often hinder symmetrical string arrangement. Due to local conditions or 

visual expectations, a very specific number of PV modules sometimes need to be implemented.  

 

In this document, the actual effects of a string configuration with unequal lengths is shown. Using the 

PV*SOL configuration tool, the effects of PV module strings connected in parallel with different lengths are 

analyzed.  

Contrary to the general presumption that “mismatch losses” minimize the total energy yield of a PV 

system, it can be shown based on calculations that varying string lengths are certainly possible and also 

useful, as only the additional PV modules would experience any yield losses. However, ultimately the 

additional PV modules would deliver a higher yield for the installation overall.  
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2 OCCURRENCE OF MISMATCH LOSSES 

As the name suggests, the Maximum Power Point Tracker (MPPT) in an inverter attempts to continuously 

find the operating point with the maximum output of the connected PV generator and operate it at this 

point. If the generator is permanently operated at its MPP, it generates maximum yield.  

A PV generator often consists of more than one PV module string. The PV module strings can also have 

various MPPs due to different alignment, inclination, and number of PV modules. In the case of different 

MPPs, the MPP tracker attempts to adjust the PV generator to the operating point that delivers the 

maximum output for all PV modules and strings connected to a tracker. As not every string can be 

operated at its individual optimum operating point, this can lead to energy losses compared to theoretically 

recoverable energy. These losses are called mismatch losses. 

In general, every PV system exhibits low mismatch losses, as all conditions for two completely identical 

PV strings can never prevail (for example, the PV modules themselves always differ slightly). 

 

The term mismatch losses is used frequently in the context of different string configurations. Situations in 

which a deviation in the strings is created deliberately within a PV generator - either through different 

alignment of the PV modules or a different number of PV modules in the string.  

 

The following figure shows an example of an installation where one string out of a total of 14 strings has 

intentionally been expanded by a single PV module. In comparison to the other 13 strings, this string 

consists of 22 instead of 21 PV modules. However, the 14 strings are all connected to one MPPT.  

 

  

Figure 1: One of a total of 14 strings has 22 instead of 21 PV modules 
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In the graph below, it can be seen that at full irradiation, the one longer string with 22 PV modules (red 

curve), has a somewhat higher voltage (904 V) at MPP than the shorter strings (blue curve, 864 V).  

If all strings are considered together, this produces the green line. The green line is the curve on which the 

MPP tracker of an inverter searches for the optimum operating point and finds it at 864 V. This means that 

all strings are operated at 864 V. 

As a result, the short strings (blue curve) are operated at their ideal MPP and the red string, which 

deviates due to its configuration, is operated slightly outside its MPP. Operating the long string outside its 

ideal operating point leads to mismatch losses for this individual string. However, this does not lead to 

any power reduction for the other strings.  

 

  
Figure 2: Optimum operating point for strings of different lengths within a PV system 
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3 SIMULATION 

The effects of different string lengths from PV module strings connected in parallel are analyzed using 

PV*SOL. Targeted analyses are carried out to check whether a configuration with one more or one less 

PV module in a string is possible and useful with respect to the total energy yield and losses. 

In the following chapters, a PV system is simulated which, depending on the example, has a different 

string configuration. In the simulation example, a Tauro Eco 100-3-D is used with Jinko Tiger Pro JKM440-

60HL 4-(V) PV modules, which are arranged in a southerly direction with an inclination of 20°. The 

assumed geographical location is Kremsmünster in Austria. 

 

Up to 22 strings can be connected in parallel to a Tauro Eco 100-3-D. In this simulation example, a 

configuration of 14 parallel strings each with 21 PV modules is assumed to be the ideal situation and is 

compared with deviating string configurations. 

 

 

3.1 Ideal situation example: 14 strings each with 21 PV modules 

In this example, all strings are assumed to each have 21 PV modules. This results in mismatch losses, as 

expected. The PV system calculated with PV*SOL as an example delivers a total energy yield of 

147,482.58 kWh per year.  

 

As this example 1 corresponds to the ideal situation in the above mentioned design guideline, this 

example 1 is referred to as a baseline for comparison purposes in the chapters that follow.  
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3.2 13 strings each with 21 PV modules | 1 string with 22 PV modules 

In this example, the same initial situation in the preceding ideal situation 

example is considered.  

 

The sole difference is that in this situation, an individual string has 22 

instead of 21 PV modules. The PV system therefore consists of a total 

of 14 PV module strings. 13 strings each have 21 PV modules and the 

last string has 22 PV modules. This means that one of the 14 strings 

deviates from the general string configuration of the PV system.  

This additional PV module causes the ideal operating point of this 

longer string to be different from that of the other strings. 

 

 

 

 

 

 

In this case, according to PV*SOL, mismatch losses amounting to 0.14% of the annual yield occur. The 

losses result from the longer string being operated outside the ideal MPP. As can be seen in the following 

graph, the entire system is operated at the MPP voltage level of the main strings. 

 

 

Figure 4: Ideal operating point of the PV system with one longer string 

Figure 3: String configuration with a deviating 
string with 22 PV modules 

 

Figure 6: String configuration with a deviating 
string with 22 PV modules 
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In this string configuration, a total energy yield of 147,721.73 kWh is generated. Due to the additional PV 

module in the last string, 239.15 kWh more can be produced per year than in “ideal example 1” despite 

mismatch losses.  

 

To ascertain the actual influence of the mismatch losses that occur, the yield of the single, additional 440 

W PV module must be looked at more closely. In this case, it can be determined that this additional PV 

module could potentially deliver 501.6 kWh per year. In the calculation example, however, this PV module 

delivers just 48% of the potential energy. 

Thus, 52% of the PV module’s potential energy yield cannot be used in this example situation. In this 

case, it should be carefully assessed whether the additional yield generated by the PV modules can 

outweigh the additional cost of the PV module.  

𝒂𝒏𝒏𝒖𝒂𝒍 𝒆𝒏𝒆𝒓𝒈𝒚 𝒚𝒊𝒆𝒍𝒅 ∗ 𝒆𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒊𝒕𝒚 𝒑𝒓𝒊𝒄𝒆 = 𝟐𝟒𝟎
𝒌𝑾𝒉

𝒚𝒆𝒂𝒓
∗ 𝟎. 𝟎𝟖 

€

𝒌𝑾𝒉
= 𝟏𝟗, 𝟐 

€

𝒚𝒆𝒂𝒓
 

If you compare the annual yield of the PV module with the feed-in tariff, this PV module generates a profit 

of €19.20 per year provided that the total yield of the PV system is fed into the grid.  

 

If the yield of the PV system in the example is used for self-consumption within the company, the 

additional PV module alone would generate a profit of €48.  

𝒂𝒏𝒏𝒖𝒂𝒍 𝒆𝒏𝒆𝒓𝒈𝒚 𝒚𝒊𝒆𝒍𝒅 ∗ 𝒆𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒊𝒕𝒚 𝒑𝒓𝒊𝒄𝒆 = 𝟐𝟒𝟎
𝒌𝑾𝒉

𝒚𝒆𝒂𝒓
∗ 𝟎. 𝟐𝟎 

€

𝒌𝑾𝒉
= 𝟒𝟖, − 

€

𝒚𝒆𝒂𝒓
 

Depending on the application area, this additional PV module1 would pay for itself in between 2.5 and 6.25 

years.  

 

This clearly shows that even if only 48% of the potential energy generated by an additional PV module can 

be used in this example situation, investment in this additional PV module is worthwhile. After all, an 

additional PV module produces an additional yield of 4800 kWh over the entire service life of the PV 

system.  

   

 

1 Assumed PV module price €120 
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3.3 5 strings each with 21 PV modules | 9 strings each with 22 PV modules 

As can be seen from this example, the greater the inequality, 

the greater the mismatch losses. In the case of 5 strings with 

21 PV modules and 9 strings with 22 PV modules, PV*SOL 

calculates mismatch losses amounting to 0.82% of the 

annual yield. 

 

 

 

 

This example shows the string configuration that leads to the highest losses compared with the ideal 

situation example. However, if you compare the total energy yield of this system with the ideal situation 

example, you will see that despite the evident mismatch losses, an additional yield of 2560.73 kWh is 

generated.  

 

 Figure 6: Ideal operating point of the example involving 5 strings each with 21 PV modules and 9 strings each with 22 PV modules 

  

904 
888 

 

Figure 5: String configuration with nine deviating strings each 

with 22 PV modules 
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3.4 1 string with 21 PV modules | 13 strings each with 22 PV modules 

As soon as just 1 string deviates from the other 13 strings, 

the smallest mismatch losses result compared to the ideal 

design. These are only at 0.35% of the annual yield. 

 

 

 

 

 

In this situation example, the reverse of example 2 is shown. One string is only one PV module shorter 

than the 13 other strings. This results in the 13 strings of the same length being operated at their ideal 

operating point and only the shorter one outside it. The deviation in percent is higher in this case than in 

the reverse example from chapter 3.2, as the short string is operated at a higher voltage. The PV curve 

drops faster on the right side (higher voltage) than on the left side of the MPP (lower voltage), therefore 

the losses are higher when the operating point is at a higher voltage than the MPP. 

Despite mismatch losses, the 13 additional PV modules deliver an additional yield of 4693.42 kWh per 

year.  

 

 

Figure 8: Ideal operating point of the situation example involving 1 string with 21 PV modules and 13 strings each with 22 PV modules 

 

 

Figure 7: String configuration with 13 deviating strings each with 

22 PV modules 

864 904 



......................................................................................................................................................................... 

SE_WP_Implications_of_different_string_lengths_EN.docx 12/19 

 

3.5 Overview 

In general, the simulation shows that the inequality in the string configuration leads to mismatch losses but 

at the same to an additional yield. Depending on the severity of the deviation, different levels of mismatch 

losses result. The following tables show a list of different string configurations and their influence on the 

total yield of the PV system.  

 

 

 
 
Table 1: Results overview 1 different string configuration 
 
 
 
 

 

 
 

Table 2: Results overview 2 different string configurations
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4 CONCLUSION 

In general, it could be determined from the simulation that the greater the inequality in the string 

configuration, the greater the losses as a result.  

 

The greatest mismatch losses do not result - as might be assumed - from half of the total strings, but at 9 to 

5 unequal strings. In this case, this is due to the configuration of the strings and can change depending on 

the circumstances. In general, the greater the number of unequal strings, the greater the losses.  

 

However: 

As the examples clearly show, a deviation by a single PV module in a string of a 100 kW inverter, by way of 

example, is negligible in terms of losses. What’s more, the total energy yield always increases as soon as a 

PV module is added.  

 

The general assumption that an additional PV module reduces the total energy yield of the PV system is 

actually incorrect. The fact is that the deviating strings are not operated at the ideal MPP and this leads to 

mismatch losses. Therefore, the additional PV modules are only effectively used to a part of the potential 

power that they would deliver in an optimum string configuration.  

 

As the following chart shows, these additional PV modules (red area) lead to additional yield despite 

mismatch losses.  
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Figure 9: Mismatch losses as a function of the number of unequal strings 
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Figure 10: Yield increase from additional PV modules despite mismatch losses 

 

Even with several additional PV modules, the total amount of energy from the system does not decrease, 

only the effectiveness of the additional PV module is reduced. This can be seen in the chart, as the green 

line flattens out somewhat compared to the blue line (= ideal configuration).  

The fewer unequal strings there are, the better this ratio. This explains why the deviation in the amount of 

energy lessens if more and more strings receive an additional PV module. However, an additional PV 

module will always lead to additional PV yield and will not reduce the total yield.  
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5 APPENDIX 

Example 1: 14 strings each with 21 PV modules 

 

 

Example 2: 13 strings each with 21 PV modules | 1 string with 22 PV modules 
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Example 3: 12 strings each with 21 PV modules | 2 strings each with 22 PV modules  

 

 

Example 4: 8 strings each with 21 PV modules | 6 strings each with 22 PV modules 

 

 

Example 5: 7 strings each with 21 PV modules | 7 strings each with 22 PV modules 
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Example 6: 6 strings each with 21 PV modules | 8 strings each with 22 PV modules 

 

 

Example 7: 5 strings each with 21 PV modules | 9 strings each with 22 PV modules 

 

 

Example 8: 4 strings each with 21 PV modules | 10 strings each with 22 PV modules 
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Example 9: 2 strings each with 21 PV modules | 12 strings each with 22 PV modules 

 

 

Example 10: 1 string with 21 PV modules | 13 strings each with 22 PV modules 

 

 

Example 11: 14 strings each with 22 PV modules 
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