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Summary 

 

This study shows that PV systems have typically a higher yield if no module optimizers are applied. 
To demonstrate that, extreme scenarios have been chosen where optimizers are expected to bring 
the highest benefits. But only for some small niches where complete PV modules have significantly 
different irradiation at any given time, do the optimizers help produce more energy than they actu-
ally consume.  
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Figure 1: String concept 
 

 
Figure 2: Voltage-Current-Power Characteristic 

1.3 Maximum Power Point Tracker 
The electric characteristic of a solar module and thereby also the characteristic of a PV string is 
shown in Figure 2 [2]. The curve shows that for a certain voltage a certain current can be drawn 
from the string. For the maximum current (short circuit current) the voltage is zero and for the maxi-
mum voltage (Open circuit voltage) the current is zero. In both cases also the power is zero, so 
that no energy can be produced. To find the current and voltage with the maximum power, the area 
below the curve need to be maximal [3].  
The maximum power point tracker controls the current in a way such that the maximum power is 
always obtained from the PV-string. If the irradiation changes the MPPT finds the new maximum 
power point. For conventional MPPT the technique works very well if all PV modules have the 
same irradiation meaning no shading and the same orientation. If the irradiation changes at only a 
few PV-modules for example due to partial shading the curve changes as shown in Figure 3. 

 
Figure 3: PV-Power with partial shading 
 
The conventional maximum power point tracker might now only find a local maximum, shown as 
LMPP on Figure 3, and thereby the inverter does not deliver the maximum possible energy. Ad-
vanced MPPT have the purpose to ensure that the PV generator finds the global maximum 
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1.6 The Test setup 

1.6.1 The Test Site 
The test site is a small ground mounted PV field in southern Denmark. It consists of 42 identical PV 
modules with an orientation to south-south-west (201 degree) (Figure 4).   
 

 
Figure 4 Satellite picture of test site (Source: google maps) 
 
The tilt is fixed to 42 degree.  
The 42 panels in the red box in Figure 4 are connected in three strings. The first 14 panels from 
the left (seven of the lower row, seven of the upper row) are equipped with an open optimizer sys-
tem (MLPE system A) that can be connected to nearly any inverter. These optimizers are con-
nected to each PV module. The 14 panels in the middle feed their energy through a proprietary op-
timizer system (MLPE system B). Also, here MLPEs are installed to each PV-Module, but in con-
trast to an open system, a dedicated inverter is needed. The 14 panels most right in the red box 
are directly connected to a modern string inverter with advanced MPP-tracking.  

1.6.2 PV inverter system selection 
To achieve comparable results similar power ratings for all three inverter systems have been cho-
sen. For the reference system without MLPEs a modern string inverter with advanced MPPT from 
SMA is chosen. For the MLPE system A optimizers from Tigo and the same inverter as for the ref-
erence system is selected. In that way the impact of the optimizers on the overall performance can 
be easily investigated. For the MLPE system B an inverter-optimizer system from SolarEdge is 
chosen. Table 1 shows which components are applied for the different inverter systems.  
 
Table 1: Components for the different PV inverter systems 

PV-Inverter System Components EU-Efficiency 

Modern String Inverter SMA SB3.6-1AV-40 96,5% 

MLPE System A SMA SB3.6-1AV-40  
+ Tigo TS4-R-O MLPE 96,5%inverter x MLPE efficiency 

MLPE System B SolarEdge SE HD Wave 3,6  
+ P300 MLPE 

98,8%inverter and 98,8%MLPE 
combined total 97,6% 
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Since the aim of this study is not to compare DC to AC conversion efficiency of inverters, but the 
impact of optimizers on the overall energy production, only the real measured data are considered 
for this study. However, the reader should keep in mind that future generations of string inverters 
with higher efficiency will further increase the energy yield compared to systems equipped with op-
timizers. 

1.7 Data Acquisition 
The energy production is recorded by measuring current and voltage at the grid side of the invert-
ers every 5 seconds. For the data recording the WattsOn Universal Power Transducer from 
ELKOR is applied. The absolute accuracy of the power reading is specified by 0.2%. However, for 
this investigation the deviation between each channel is most relevant. Therefore, pre-test have 
been conducted where all channels have measured the same current and same voltage. The out-
put reading was exactly the same for all channels and thereby allowing a fair comparison of the 
three different systems.  
Over the course of the year it occurs that some test arrays are unevenly shaded from nearby trees 
after 5:22 pm. To ensure that this has no bias on the results, comparative measurements are only 
taken until 5:22 pm each day. 
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2 Test Results 

 

2.1 Scenario with no shadow 
The test site was running from 31.5.2018 to the 14.08.2018 without any artificial shading. To insure 
equal conditions the panels were cleaned on the 30.05.2018. 

2.1.1 Complete testing period  
The energy production over the whole period is shown in Figure 5. The daily production averaged 
over the 3 systems is shown as yellow bars with the scale on the right side. The curves show the 
relative power generation where the system without any module optimizer is the reference (red 
line, 100%). Relative to that are the two systems with module optimizers. The blue one is MLPE 
system B and the green one the MLPE system A. 

 
Figure 5: Energy production without shading  
 
There are two main findings from this period: For a system without any shadows over the day, the 
highest energy harvest is achieved without any optimizers clearly visible by the red line that is al-
ways on top of the others. The reason for that can be found in the power electronic architecture of 
the systems: The system without any optimizer consists only of the modules, the connectors be-
tween the modules and the inverter that is made of a booster for MPP-tracking and the bridge cir-
cuit for the AC output. The two systems with module optimizers have one optimizer per module 
plus twice as many connectors. The power electronics inside the optimizers are connected in se-
ries, meaning that all the string current must pass through it. Even if the optimizers are not active, 
there is at least one power semiconductor device with a certain voltage drop that causes power 
losses (product of the current and the voltage drop). The losses of each optimizer box are within a 
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few Watts not very high in relation to the total production of a few kW, but since each optimizer 
contributes to the losses, the numbers add up and cause the difference in production as shown in 
Figure 5. However, this result is still surprising since the total conversion efficiency of the MLPE 
system B is stated by the manufacturer with 97,6% while the inverters of the other 2 systems have 
an efficiency of 96,5%. The MLPE system B should therefore, in theory, always outperform the 
other systems. 
 
The second observation is that after a short time of operation one of the optimizers of MLPE sys-
tem A failed. It is assumed that the risk of failing MLPEs is not brand specific. However, the chance 
that one single component fails is, by nature, relatively high for any system applying MLPEs due to 
the very high component count. Even though the data was recorded on a 5 second interval, the 
failure was not detected immediately because an analysis of the data was needed to spot the fail-
ure. Normally an automatic failure notification would be provided via a web-based notification, 
however this feature was not activated due to nature of this study as well as the additional 
costs for setting up this service.  

2.1.2 Sunny Day 
June 7th 2018 was a sunny day without any clouds. The energy production curves of the 3 systems 
are shown in Figure 6. It could be seen, that during the dawn a minor production begins. As the 
sun rises, the production follows the typical bell-shaped curve. As discussed in section 1.7, from 
app. 6:00pm onwards neighbouring trees begin to cast a shadow on a portion of the PV array from 
the west. The first system affected by the afternoon shading is the MLPE system A and later reach-
ing also the modules of the MLPE system B. 
The total energy production is very similar for all three systems with a slightly higher peak produc-
tion of the system without any optimizers. Numerically this is expressed in Table 2.  

 
Figure 6: Energy production on a day (7.6.2018) without shading 
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Table 2: PV production until 5:22pm 

Date: 7.6.2018 MLPE sys-
tem B 

Modern 
String in-
verter 

MLPE sys-
tem A 

Production [kWh] 20,870 20,917 20,831 

Percentage difference 
to string inverter w/o 
MLPEs 

99,8% 100,0% 99,6% 

 
Without optimizers the energy production is 0,2 to 0,4 percentage points higher than with optimiz-
ers. 

2.1.3 Cloudy Day 
June 9th 2018 starts off overcast. Around noon the clouds begin to recede a bit and it was partly 
cloudy until the afternoon. The energy production curves of the three systems are shown in Figure 
7. Once again, it is observed that the modern string inverter has a slightly higher production over 
the entire day. As shown in Table 3 the use of optimizers results in about 1% lower energy harvest 
on a typical cloudy day.  

 
Figure 7: Energy production on a single day (9.6.2018) without shading 
 
Table 3: PV production until 5:22 pm 

Date: 9.6.2018 MLPE sys-
tem B 

Modern 
String in-

verter 

MLPE sys-
tem A 

Production [kWh] 11,520 11,602 11,475 

Percentage difference 
to string inverter w/o 
MLPEs 

99,3% 100,0% 98,9% 



THE IMPACT OF OPTIMIZERS FOR PV-MODULES 

 11 

2.1.4 Conclusion 
Comparing the result without any shading of a sunny day and a cloudy day it can be observed that 
the difference between a system with optimizers and a system without is more pronounced on 
days with clouds. The reason for this is the result of the power consumed by the optimizers them-
selves. The energy required to operate the optimizers is independent from the weather conditions. 
If the solar irradiance is low, the impact of the MLPE self-consumption on the total energy produc-
tion increases, and therefore the overall performance of the optimizers at low irradiation is less ef-
fective compared to a modern string inverter.  
In general, it can be concluded that optimizers for PV-installations that have no shading elements 
provide less benefit regarding energy production than a modern string inverter-based system with 
advanced MPP tracking. Furthermore, the risk for failing components increases which leads to ad-
ditional cost for service and due to reduced yield. 
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2.2 Scenario with different irradiation at one module 
As described in section 1.5 the scenario simulates one PV module with constantly a different 
 irradiation. 

 
Figure 8:Reduced irradiation setup 

2.2.1 Complete measuring period  
The period where one out of 14 modules has been constantly shaded with a thin cotton sheet to 
simulate a different orientation of this module from the rest of the string lasted from mid of August 
until end of September (Figure 9). The broken MLPE of system A was exchanged on the same day 
when the sheets were installed. 
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