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Technical Information
Shade Management with SMA ShadeFix
Efficiently increasing the energy yield of shaded PV systems
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1 Introduction
It is not always possible to prevent dormers, chimneys, or trees from casting their shade on PV modules. However, in
order not to jeopardize the economic viability of a PV system, yield losses resulting from shade must be minimized
already in the planning phase. Influential factors such as the arrangement of the PV modules, their circuitry and in
particular the choice of an appropriate inverter play an important role. By observing some important planning rules,
these factors can be adapted to the respective PV system in such a way that their energy supply can be used almost
completely.

2 Effects of Partial Shade on the PV System
Each PV array has an individual operating point where it can provide the highest electrical power, the Maximum
Power Point (MPP). The amount of power depends mainly on the irradiation.
If, for example, a drop in power output can be observed on clear sunny summer days, this may indicate shading.
However, shade only provides a picture of the current situation. The energy losses caused by this can only be
determined if these losses are considered over a longer period - for example a day or a whole year.

Figure 1: Two examples of a shaded PV array at different times of the day. The daily course of the system output compared to the unshaded case
illustrates the resulting yield loss on this day.
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3 Shading: A Special Task for the Inverter
Each PV inverter has a so called MPP tracker. It ensures that the PV array is continuously operated at its optimum
operating point by detecting a slight shift in the MPP and shifting the operating point of the inverter accordingly
(tracking). Controlled in this way, the PV array can deliver the best possible power in any irradiation situation.
If individual PV modules are shaded in a string (several PV modules connected in series), its electrical properties
change significantly: The PV array now has at least two possible operating points, each of which is of a different
quality and usually far from one another.
The connected inverter must be able to determine this and decide at which of these two operating points - the local
MPP (LMPP) or the global MPP (GMPP) - the higher power is currently available.
However, since conventional MPP trackers only monitor the vicinity of the current operating point, an alternative
operating point may not be noticed in order to avoid unnecessary loss during the searching procedure. The current
output of the PV system can therefore be significantly lower than it would have been due to shading.

Figure 2: A partially shaded string has a characteristic curve with several maximum power points at which the MPP tracker can stop. But only at
one of these maximum power points, the global MPP (GMPP), does the string currently deliver the greatest possible power output.

4 SMA ShadeFix
Thanks to the continuous improvement of the proven MPP tracking of the SMA PV inverters, SMA ShadeFix reliably
finds the maximum power point despite shaded PV modules. SMA ShadeFix also means that the PV inverter can detect
the presence of multiple maximum power points in the available operating range, such as can occur in shading
situations in particular. It enables the PV inverter to almost fully use the energy supply of the PV modules under all
conditions. The power losses caused by the patented search method are hardly measurable and can be completely
neglected. This differs significantly from PV systems in which power optimizers are installed on each PV module.
Although these optimizers can use residual power in the case of a completely shaded PV module, they cause power
losses in unshaded operation and thus deliver a lower energy yield over the entire operating period.
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If the use of SMA ShadeFix is compared to permanently installed power optimizers over the entire operating time, the
yield gains are usually higher with slightly to medium shaded PV systems with SMA ShadeFix.

Figure 3: Yield increase with SMA ShadeFix compared to power optimization on each PV module in different shading situations

In addition, it is avoided that the reliability and availability of the PV system is reduced through the use of additional
components. SMA ShadeFix provides the opportunity to secure the profitability of shaded PV system by preventing
higher investment costs and maximizing yield.

5 Designing Partially Shaded PV Systems
To guarantee the efficiency of temporarily shaded PV systems, yield losses resulting from shade must be minimized
already in the planning phase. To assist the system designer, the most important planning rules are shown below.

5.1 Selecting the Roof Area
The minimization of energy losses in partially shaded module strings is always based on enabling the inverter to
electrically bypass shaded PV cells and thus to optimally use the unshaded PV modules of the same series-connected
string. The power of the shaded PV cells, which is diminished anyway, cannot be used at this time. Therefore, when
selecting the roof area for a PV system, you should make sure that no permanent shade falls on the PV array, and
especially in times of high irradiation (noon, summer months) no shade should fall on it at all, if possible. Special
simulation programs can be used to estimate the energetic consequences of shading, taking into account its size and
change over the course of a year.

5.2 Selecting the System Connection
The connection of the PV array significantly affects the obtainable energy yield. This is why the analysis of the course of
shade is always carried out at the beginning of a system design. The proportion of the shaded PV modules in relation
to the total array and the course of shade over time are important characteristics of a shaded PV system. The following
recommended actions are important when dealing with shaded PV systems:

• When a single PV module or a very low portion of the PV modules (e.g. < 10% of the total number) is shaded,
shade can be distributed evenly on the strings.
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• If there is strong shading, it makes sense to operate the shaded and unshaded PV modules separately. The
following applies:

– Group together PV modules with similar irradiation.
– No parallel connection of strings with different irradiation; provide a separate MPP tracker for each string.

No parallel connection of strings with different irradiation; provide a separate MPP tracker for each string.
– SMA ShadeFix is necessary to maximize the energy yield.
– The use of power optimizers at PV modules can be advantageous for very frequent or large-area shading. In

order to avoid disadvantages, it is best to operate the affected strings individually using only one MPP tracker
and to equip only the PV modules affected by shading with a power optimizer.

5.3 Selecting the Inverter
The choice of the inverter also influences yield losses due to shade. The following points are to be observed when
selecting the inverter:

• PV inverters with a broad input voltage range can still adjust the optimal operating point despite shade and the
resulting decline in MPP voltage.

• Using a PV inverter with a single-string control a partially shaded PV array can operate optimally and avoid most
losses.

• To keep yield losses due to shade to a minimum, it is necessary to use a PV inverter with SMA ShadeFix for
shaded strings whose MPP tracking recognizes the presence of several operating points.
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