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20 PV-battery systems under study
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Test results based on the assessment with the SPI © solar.htw-berlin.de

3 The efficiency benchmarking is based on the System Performance Index SPI (5 kW) and SPI (10 kW).



Thepectian 2024

97.8 % 87.9 %

VARTA ANONYMOUS

97.8 % 91.2 %

RCT POWER ANONYMOUS

0.2s 15.7 s

ENERGY DEPOT ANONYMOUS

2W 64 W

VARTA ANONYMOUS
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© solar.htw-berlin.de

4 Inverter efficiency: Average efficiency during discharging, Standby power consumption in the discharged state.



How much does the efficiency of 10 kW hybrid inverters vary?

= Highly efficient
inverter
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Conversion efficiency of two hybrid inverters in discharge mode. Data: AIT and RIT © solar.htw-berlin.de




Why a high inverter efficiency at partial load matters

pehvermcent Q2% 217w - 17w = 200w
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Efficiency of two hybrid inverters in discharge mode with an output power of 200 W. Data: AIT and KIT © solar.htw-berlin.de




Residential homes with a PV-battery system are on average 69 % self-sufficient
Self-sufficiency Electricity drawn from the grid
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1500 kwh/a
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Data: Eigensonne, Rostal, median values: Operating data of 110 PV-battery systems in 2022, rated PV power 8.4 kW and battery capacity 7.3 kWh © solar.htw-berlin.de




Self-sufficiency of residential homes equipped with a PV-battery system
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Data: Eigensonne, Kostal, Operating data of 110 differently sized PV-battery systems in 2022 © solar.htw-berlin.de

8 The depicted graph is based on the results of a regression analysis based on the operating data of 110 PV-battery systems. h t WLl



The Residential PV Market 2023
in Germany

>675 000
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Data: German Federal Network Agency (PV systems with a rated power between 2 kW and 20 kW), as of January 26", 2024 © solar.htw-berlin.de




The Home Storage Market 2023
in Germany

>71.1 million
>530 000
=0 4.6 cwn

(482

ntu:s

Data: German Federal Network Agency (battery systems with a capacity under 20 kWh and a power of up to 20 kW), as of January 26", 2024 © solar.htw-berlin.de




Main topics of the Energy Storage Inspection 2024

Analysis of the German market for residential
P\{battery systems

Comparison of the system properties based on the
test reports according to the Efficiency Guideline

Simulationbased assessment of the-Battery
systems with the System Performance Index (SPI)

Comparison of the operating dataPdf battery
systems
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Main topics of the Energy Storage Inspection 2024
Analysis of the German market for residential

P\{battery systems
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Development of the PMattery market in Germany

Residential installations in Germany
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Rise in the number of annually deployed battery systems

Development of the home storage market in Germany
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System topologies of thHe\.battery systemsn Germany

Share of photovoltaic battery systems sold in Germany
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Rated power of the newly installed PV systems up to 20 kW

PV systems in Germany
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Usable battery capacity of the battery systems up to 20 kWh
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Distribution of the usable battery capacity up to 20 kWh

Battery systems in Germany
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Main topics of the Energy Storage Inspection 2024

test reports according to the Efficiency Guideline

Comparison of the system properties based on the

~
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Participants of the Energy Storage Inspection 2024

A For the T time in a row, all manufacturers of systems or components for storing
solar electricity in residential buildings were invited to take part infhergy
Storage Inspection 2024

A 12 manufacturertook part in the Energy Storage Inspection 2024 with
laboratory measurements from a totallaf systems

A One manufacturer decided farticipate anonymously
A Two P\ battery systemsvere purchaseddependentiyand evaluated also.

GDyness %Y &>

GOODWE HYPDNTECH [KOSTAL RCT™

ergy In power

$IPYLONTECH [V VARTA VIEZMANN

ntuw.



Analysis of system properties according to the Efficiency Guide

A Laboratory tests were conducted by independent testing institutes in accordance
with the"Efficiency Guideline for PV Storage SysBids

A To each analyzed systensastem abbreviatioe.g. A1) was assigned

A The batteries of the.Ccoupled systemAlto Blare equipped with battery
Inverters. The)Ccoupled systemB2to K1 have so called hybrid inverters.

A Details about thenethodologycan be found in the Energy Storage Inspections
2018 and2023.
Benchmarking

l Measurements l
Systems . . ENERGY STORAGE
nktuw.

Invitation

21


https://solar.htw-berlin.de/wp-content/uploads/Efficiency-guideline-for-PV-storage-systems-2.0.pdf

22

Analyzed systems in the Energy Storage Inspection 2024

: A 1 ENERGY STORAGE
Inspectiqn 2024

[— 9}
VARTA pulse neo 6

Battery connection AC
Battery capacity 5.8 kWh
Discharge power 2.3 kw
PV output power

Efficiency class »

r B 1 ENERGY STORAGE
Inspectiqn 2024

ROSTAL PLENTICORE BI G2 10/26 and BYD
Battery-Box Premium HVS 12.8

Battery connection AC
Battery capacity 12.0 kWh
Discharge power 10.1 kW
PV output power
Efficiency class »
\. J

: B 2 ENERGY STORAGE
Inspectiqn 2024

KROSTAL PLENTICORE plus G2 5.5 and BYD
Battery-Box Premium HVS 7.7

Battery connection DC
Battery capacity 7.1 kWh
Discharge power 3.8 kW
PV output power 5.5 kW
Efficiency class B

\ J
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Analyzed systems in the Energy Storage Inspection 2024

: B3 ENERGY STORAGE r B4 ENERGY STORAGE : B 5 ENERGY STORAGE
Inspectiqn 2024 Inspectiqn 2024 Inspectiqn 2024

ROSTAL PLENTICORE plus G2 10 and BYD ROSTAL PLENTICORE plus G2 10 and

ROSTAL PLENTICORE plus G2 10 and DYNESS

Battery-Box Premium HVS 12.8 Tower T14 PYLONTECH Force H2
Battery connection DC Battery connection DC Battery connection DC
Battery capacity 11.9 kWh Battery capacity 13.5 kWh Battery capacity 13.6 kwWh
Discharge power 6.3 kW Discharge power 4.8 kW Discharge power 4.8 kW
PV output power 10.0 kW PV output power 10.0 kW PV output power 10.0 kW
Efficiency class (A ] Efficiency class » Efficiency class D

\ J \ J \. J

ntuw.



Analyzed systems in the Energy Storage Inspection 2024

e ) e ) r

ENERGY STORAGE ENERGY STORAGE ENERGY STORAGE |

C 1 Inspectiqn 2024 C 2 Inspectiqn 2024 D 1 Inspectiqn 2024
] ]
FRONIUS Primo GEN24 6.0 Plus and BYD FRONIUS Symo GEN24 10.0 Plus and BYD
Battery-Box Premium HVS 7.7 Battery-Box Premium HVS 10.2 Battery 7.6
Battery connection DC Battery connection DC Battery connection DC
Battery capacity 7.4 kWh Battery capacity 9.9 kWh Battery capacity 7.0 kwh
Discharge power 5.8 kW Discharge power 8.9 kw Discharge power 5.9 kw
PV output power 6.1 kW PV output power 10.2 kW PV output power 5.9 kw
Efficiency class (A ] Efficiency class D» Efficiency class (A ]
J

ntuw.
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Analyzed systems in the Energy Storage Inspection 2024

: D 2 ENERGY STORAGE
Inspectiqn 2024

RCT POWER Power Storage DC 10.0 and Power
Battery 11.5

Battery connection DC
Battery capacity 10.6 kWh
Discharge power 9.9 kW
PV output power 10.0 kW
Efficiency class A ]

r E 1 ENERGY STORAGE
Inspectiqn 2024

VIESSMANN Vitocharge VX3 Typ 4.6A8

Battery connection DC
Battery capacity 7.9 kWh
Discharge power 3.6 kW
PV output power 4.5 kW
Efficiency class »

: F 1 ENERGY STORAGE
Inspectiqn 2024

.
.
o

ENERGY DEPOT Centurio 10 und DOMUS 2.5

Battery connection DC
Battery capacity 15.1 kWh
Discharge power 7.5 kW
PV output power 10.3 kW
Efficiency class A ]

ntuw.
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Analyzed systems in the Energy Storage Inspection 2024

: G 1 ENERGY STORAGE
Inspectiqn 2024

HYPONTECH HHT-12000 und HBP-H15

Battery connection DC
Battery capacity 13.3 kWh
Discharge power 11.9 kW
PV output power 11.7 kW
Efficiency class »

! H 1 ENERGY STORAGE
Inspectiqn 2024

GOODWE GW5000-EH and BYD Battery-Box
Premium HVS 7.7

I
i

Battery connection DC
Battery capacity 7.3 kWh
Discharge power 4.9 kW
PV output power 5.0 kW
Efficiency class »

! H 2 ENERGY STORAGE
Inspectiqn 2024

GOODWE GW10K-ET and BYD Battery-Box
Premium HVS 12.8

Battery connection DC
Battery capacity 12.2 kKWh
Discharge power 10.0 kW
PV output power 10.0 kW
Efficiency class D

ntuw.
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Analyzed systems in the Energy Storage Inspection 2024

H 3 ENERGY STORAGE
Inspectiqn 2024

Battery connection DC
Battery capacity 6.5 kWh
Discharge power 4.9 kW
PV output power 6.0 kW
Efficiency class C

r H 4 ENERGY STORAGE
Inspectiqn 2024

[
S

GOODWE GW10K-ET-20 and LX F16.0-H-20

Battery connection DC
Battery capacity 15.5 kWh
Discharge power 10.0 kW
PV output power 10.0 kW
Efficiency class A ]

: I 1 ENERGY STORAGE
Inspectiqn 2024

DC-coupled system from an anonymous
participating manufacturer

Iﬁ]

Battery connection DC
Battery capacity 15.5 kWh
Discharge power 8.5 kW
PV output power 10.0 kW
Efficiency class D

ntuw.



Analyzed systems in the Energy Storage Inspection 2024

(J 1 ENERGY STORAGE : Rl ENERGY STORAGE
Inspectiqn 2024 Inspectiqn 2024

DC-coupled system that was purchased DC-coupled system that was purchased

Iﬁ
Iﬁ]

independently independently
Battery connection DC Battery connection DC
Battery capacity 8.9 kWh Battery capacity 9.8 kWh
Discharge power 4.3 kW Discharge power 4.8 kW
PV output power 9.8 kW PV output power 10.0 kW
Efficiency class D Efficiency class G ]

\. J \. J

ntuw.



Attribution of the system abbreviations

AU VARTA pulseeo6

I KOSTAL PLENTICORE BI G2 10/26 and BYD-Battdtyemium HVS 12.8
KOSTAL PLENTICORE plus G2 5.5 and BYD Batt&memium HVS 7.7
KOSTAL PLENTICORE plus G2 10 and BYD Battétsemium HVS 12.8
=4° KOSTAL PLENTICORE plus G2 10 and DYNESS Tower T14
KOSTAL PLENTICORE plus G2 10 and PYLONTECH Force H2
FRONIUS Primo GEN24 6.0 Plus and BYD Battefyremium HVS 7.7
FRONIUSYMoGENZ24 10.0 Plus and BYD Batteox Premium HVS 10.2
RCT POWPRwerStorage DC 6.0 and Power Battery 7.6

RCT POWERwerStorage DC 10.0 and Power Battery 11.5

o

Ol

W[ N

1

N

D1

N

ntu:



Attribution of the system abbreviations

=1 VIESSMANNitochargeVX3 Typ 4.6A8

=15 ENERGY DEPOT Centurio 10 and DOMUS 2.5
HYPONTECH HHA000 and HBPM15

GOODWE GW56B61 and BYD BatteBox Premium HVS 7.7
GOODWE GW18K and BYD BatteBox Premium HVS 12.8
GOODWE GW66B® 20 and LX F6-H

=" | GOODWE GW18K 20 and LX F16.8-20

1

—

DG coupledsystemof ananonymouslyparticipatingmanufacturer

DG coupledsystem independentlypurchased

)

W N| -

{= " DG coupledsystem independentlypurchased

ntuw.



Usable battery capacity of the analyzed systems
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31 Systems D1, D2, H3 and H4: Due to a temperature  -induced derating, the test could not be run at 100 % of the nominal power. h t WLl



Comparison of data sheet specifications to measured values

A For 15 of the 20 systems testedyer usable storage capacitiwere
determined in the laboratory test than were declared on the data sheet.

A The specifiedlepth of dischargto protect against deep discharge is often the

reason why the measured values are lower than the data sheet values.

A The usable storage capacity of the system G17is<\Wh (11 “owerthan the
value specified on the data sheet.

Deviation of the usable battery capacity from the data sheet specifications

15 %
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Al B1 B2 B3 B4 B5C1 C2D1D2E1 F1 G1 H1 H2H3 H4 I1 J1 K1 @

System © solar.htw-berlin.de
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Nominal output power of the BBupled systems

A In practice, the ratio of inverter output power to PV generator power is often
between 80 % and 90 %.

A In DG coupled systems, the soalledPV rated output powdimits the power
output of theP\ battery system

A Of the 18 systems withybrid inverters 12 can deliver a nominal AC power of
between 9.8 kW and 11.7 kW.

Power in kW 5.5 10.0 10.0 100 6.1 10.2 59 100 4.5

Power in kW 10.3 11.7 5.0 100 6.0 10.0 100 9.8 10.0

33 ntu:



Nominal discharge power of the analyzed systems
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Maximum battery discharge current depending on its temperatu
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Average battery efficiency
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Battery efficiency

87.9 %

© solar.htw-berlin.de

Al B1 B2 B3 B4 B5C1 C2D1D2E1 F1 G1H1 H2H3H4 I1 ]J1 K1 @
System

36 Systems D1, D2, H3 and H4: Due to a temperature  -induced derating, the test could not be run at 100 % of the nominal power. h t WLl



Energy conversion pathways of the different system topologies

AC-coupled systems DC-coupled systems

PV generator Battery PV generator Battery

AT BAT2AC

Battery
converter

PV inverter

PV-battery
inverter

AC2BAT
(optional)

Grid
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Average path efficiency for comparison of the conversion efficie
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Average conversion efficiency of AC battery discharging
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Average pathway efficiencies of AC discharging according to the ﬁEffintulucy



Average efficiency of the energy conversion pathways
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40 Average pathway efficiencies according t o the AEfficiency Guideline for PV Storage Systhtule.
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PV feedn pathway efficiency
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W1 and W2: PV inverter used for assessing the AC
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PV battery charging pathway efficiency
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AC battery charging pathway efficiency
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