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The grid connected solar has become a huge market compared to offgrid solar which is the
natural market for solar. For the ongrid market much m oney was invested and now very good
products exist in term of cost and reliability for solar modules and inverters. Those products are

not suitable for the small offgrid systems

16000 but there is medium size where they can
AT p— be used, in the range of a few kW,
g;wzooo— — typ ically in hybrid systems and minigrids.
%mm A grid connected solar inverter can be
g oo connected to the AC produced by a bi -
7 directional battery inverter. If the voltage
T and frequency are within the accepted
2 =0 values, then the grid connected inverter

O’Wmmm recognizes it like a normal grid, connects

Figure 1: Installed solar power in the world to this island grid and starts to perform
Source http://www.iea-pvps.org grid -feeding with solar power.

On the main grid all the available solar power (MPPT) is fed into the main grid to maximize the
return on investment. The situation is different in a stand -alone system; there is the need to
control the power production to match the o
demand. If there is more production than S |V NN
demand, the excessive solar goes to I solar [
recharge the battery. If the  batteries are full,
the power production must absolutely be HEE
reduced, stopped or consumed to avoid iR
overcharging of the batteries. This can be [l
done with connection/disconnection of RIS

sources with switching circuits, dump loads

or other control methods (communi  cation

bus ¢é). The control of th
inverter can also be done very simply

without any additional component with the Figure 2 : AC-coupled solar inverter
frequency. This system can be realized with

all the Studer inverters of the Xtender series.
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ON/OFF control with frequency

Grid inverter is programmed to accept frequencies only between limits required by grid
directives, per example for  German Renewable Energy Act EEG between 47.5Hz and 50.2Hz. The
battery inverter sets the voltage and frequency of the local grid, then it can increase the
frequency and this will stop the grid connected inverter when out of the limit.

This system works with different scenarios:
1. There is less solar power than user load: A the grid inverter work as MPPT and all the solar

power covers a part oft he load need.

2. There is more solar power than user load:
a. The batteries are not full: A the grid inverter work at MPP and the solar power

covers the user load and the excess recharges the batteries.
b. The batteries are full: A the grid inverter is switched ON and OFF with frequency

increase to make the top charge. This looks like a slow PWM.

A SunnyBoy1700 with a standard DE configuration is used below with a Studer XTM2400-24. There

is a constant user |l oad and a const antC poveeodupply.d
When the grid inverter is on, the batteries are recharged (positive current on graphic below) and

when off, they are discharged. The battery bank is a quite old 250Ah lead acid battery. With a
datalogger function in the Xtender XTM inverter , One point is saved every minute over the day

and the ON/OFF control behavior of the system can be well seen

Test of SB1700 with standard DE settir
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If the max frequency accepted by the grid inverter can be modified (it is generally the case
because different countries have different regulations and different max frequencies 1) and there
is more than one grid inverter, it  is interesting to stop one after the other, per example first stops

at 50.2Hz the second at 50.5Hz. Then we can modulate the power production with two steps or
more .

Frequency shift power control like MEDIUM VOLTAGE DIRECTIVE

The 2009 EEG grid code has set new requirement and one is particularly interesting for our
minigrid/AC -coupling application: it is an active power reduction in function of the frequency.

When the frequency increases, t he gplyisips bub reducesits e d

power linearly between 50.2Hz and 51.5Hz.

By changing a little bit its output frequency, the battery inverter is able to control the solar
production in the island grid to match production dconsumption -storage balance. It  will be a
more precise control instead of an ON  -OFF control.

1z This rule is set for medium voltage and high
«— » voltage and is not applied for low voltage yet.
Technically this behavior is not very complicated
R I to implement in the low voltage solar inverters, it
40%

100%

is a smple modification of the control software.
But up to now, the interest from the various
60% manufacturers was low due to the small size of
48% the offgrid market and still smaller size of the
minigrid market.

But already in some inverters it is possible to
activate this control even for inverters connected
50,05 515 ’f[HZ] to low voltage 230V/50Hz line, per example on
502 512 the figure left, the behavior of the Kaco Powador
inverter with the parameter O Acti vat e

Figure 3: Frequency depadant power reduction as BDEW (Medium Voltage Directive) is shown
in KACO solar inverter '

The power is reduced down to half from 50.2 to 51.5Hz
and stopped over 51.5Hz. It is already a good
improvement to control the solar inverter up to 50%
with the frequency. Per example if there is 1kW load, a
Powador2002 can reduce its power (nominal 1650W)
down to 1kW and match exactly the power
consumption. At that moment, the batteries are full
and the solar produced covers exactly the loads need.

) y \p .
Kaco is the second most sold manufacturer on the ] 'Z\ {h"

market, and is compatible in ON/OFF or BDEW control.

y

Figure 4: Test bench with Kaco Powador
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Full frequency shift power control

More optimal than the ON  -OFF control cited above or the partial reduction of power as BDEW, is
the complete linear variation of the power injected in dependence of the frequency. It requires
that this control is implemented in the grid connected inverter c ontrol, which is not the case for
devices of all manufacturers at the moment. When this will be widespread implemented, it will
be very interesting for the compatibility of elements in offgrid systems. For the moment the only
inverter we know to have this  behaviour is the SMA Sunny Boy with the Offgrid settings; SB is the
most sold grid inverter on the market.
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Figure 5: frequency shift power reduction as in SunnyBoy OFFGRID mode

Until the reference user frequency +1Hz the grid -feeding is to the maximum and at user
frequency+2Hz the grid -feeding current is zero. Typically in a 50Hz system, the solar production is
at the maximum at 51Hz or below, is half at 51.5Hz and is zero at 52Hz and over.
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Figure 6: System Schematics of A&oupling
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Example of a charge curve with power reduction in function of the frequency: no PWM

behavior seen.

The charge curve of the battery is clean.

Battery current
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Test of SB1700 with frequency power cont
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When there are many grid inverter stopped at different
behaviour but with steps.

frequencies, we approach this kind of

-like
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Threephased configuration

The system can be realised as well with threephased grid inverter, successful experiences were
done with the StecaGrid9000.

Figure 7: Threephased configuration
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