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Due to the decreasing feed-in
compensation, PV-battery systems
become interesting to increase the
self-consumption rate. Because of the
cost reduction of the PV-system and
the battery, the market for grid
connected storage system grows fast.
At the moment, there are more than
365 systems of 51 different
manufacturers on the market. The
different systems can, however, not
easily be compared. An international
group of institutes and manufacturers
named “Speicherperformance” hence
develops guidelines to determine the
performance. The group is
coordinated by HTW Berlin. The PV
Lab at Bern University of Applied
Sciences BFH contributes in the group
and built a test bench.

Determination of the Performance

The performance of a PV-Battery system
depends on the
• System
(battery capacity, battery power,
technology, topology… etc.)
• PV-Production
(insolation, orientation etc.)
• Load profile
(consumption, user behavior, household
devices etc.)

Because of the many dependencies it is
not possible to reduce the performance
to one single efficiency number. For this
reason, the “Speicherperformance”
group met the first time in September
2015. The goal of this and following
meetings was to create guidelines for
measuring / determining the
performance of PV-battery systems. The
method of measurement should be
independent of the system, the PV-
production and the load profile. This
leads to more transparency in the big
diversity of systems. In a second step, a
simulation tool is developed that uses
the measured data to simulate specific
use cases to find the optimal size and
type.

Measurement Method

Conversion losses
Conversion losses are composed of path
losses and the battery related losses. To
determine the efficiency of the energy
flow path, every path is considered
separately. Depending on the topology,
different paths of energy flows are
possible. (see figure1)

Figure 1: The possible energy flow paths of the
different topologies. Source: HTW Berlin

The Battery conversion losses are
measured with the round trip efficiency.
In this test, the battery is charged and
discharged with a constant power. The
efficiency is the ratio of discharged
energy to the charged energy.

Standby losses
Because of the BMS (battery
management system), every battery
system consumes energy even if it is not
in operation. These standby losses are
important to determine the
performance.

Control losses
The controller tries to match the battery
power to the load or to the PV-
production. The steady state control
inaccuracy leads to losses and has to be
measured. If the PV-production or the
load change rapidly, the controller
needs some time to follow this change.
This leads to dynamic control losses.

Results

Based on the new guideline, the PV Lab
at BFH built a test bench to measure the
performance of PV-battery systems. First
measurements of different systems were
then made. Figure 2 shows the
efficiency of the energy flow path of an
DC-coupled system as a function of the
normalized power. Above 40% of the
nominal power, the efficiency of all
three paths are more or less constant
while the efficiency smoothly decreases
below 40%. Below 20% the efficiencies
drop rapidly.

Figure 2: Efficiency of the energy flow paths in function
of the normalized power. Source: BFH

The dynamic control losses can be
measured with a simple step response.
Figure 3 shows a fast load jump from
10% to 100% of the nominal power. The
battery has a dead time of 7 seconds
and needs then almost 23 seconds to
follow the step. During this time, the
grid has to compensate the power.

Figure 3: Step Response of a PV-Battery System. Source:
BFH
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