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as well as long-term measurements using different load 

and generation profiles. For this purpose solar power data 

from part of the 1MW solar storage park on KIT Campus 

North will be used, along with standard VDI 4655 load 

profile data. The power profiles can however also be indi-

vidually modified for specific analyses.

KIT’s service portfolio

The evaluation criteria, expertise and infrastructure 

developed for the “SafetyFirst” project allow KIT to offer 

commercial clients similar measurement trials as well as 

assistance in the development of hardware-in-the-loop test 

environments for storage systems.

Hardware-in-the-loop test environment



Energy storage technologies are vital in order to synchronise 

variable solar and wind power generation with consumer 

demand, and are thus one of the key elements for the energy 

transition. Private households are increasingly turning to battery 

systems as storage buffers for solar energy, thereby increasing 

the self-consumption ratio of rooftop solar plants. In this way 

households can supply their energy needs with renewable 

energy and achieve a degree of autonomy from the electricity 

grid. 

Home storage on trial – the “SafetyFirst” project

The quality of lithium-ion home storage systems on the market 

varies widely, especially in the areas of safety, performance, 

and the degree to which they support and stabilise the grid. 

There is however a lack of unified and reproducible assessment 

criteria; the project “SafetyFirst” fills this gap by testing twenty 

different home storage systems under real operating conditions. 

The KIT-coordinated project (the Fraunhofer ISE in Freiburg and 

the ZSW in Ulm are project partners) is funded by the German 

Federal Ministry for Economic Affairs and Energy with a budget 

of nearly 4 million Euros over three years. The final results 

will be made available in an anonymised form to industrial 

associations, manufacturers, standardisation bodies and test 

laboratories. 

Safety tests

The safety tests that will be carried out within the scope of the 
project can be divided into two main categories:

 � Compliance with transport regulations for lithium-ion 

batteries

 � Evaluation of the operational safety of the storage systems

There are several regulations governing the transport of lithium-

ion batteries as part of commercial home storage products:

 � ADR (the European Agreement concerning the International 

Carriage of Dangerous Goods by Road),

 � GGVSEB (the German regulation on the transport of dan-

gerous goods by road, rail and in-land waterways),

 � UN38.3 lithium-ion battery safety tests.

Each system under test will be tested for compliance and/or con-

formance to these regulations directly upon delivery. 

Some of the first home storage systems to come onto the market 

were inadequate in terms of their adherence to safety standards, 

which subsequently led to the development of a safety manual 

for lithium-ion home storage systems. This document represents 

the state of the art, and the safety goals prescribed therein are 

used as a guideline for the SafetyFirst storage system assessment; 

compliance allows the system to be deemed safe to operate.

Evaluation of performance and contribution to grid stability

One of the goals of SafetyFirst is to develop a unified and verifia-

ble test scheme to enable an objective evaluation of the perfor-

mance of home storage systems as well as the degree to which 

they support the grid. The latter is of interest to the grid operator 

for macroeconomic reasons, whereas the performance and effici-

ency ultimately determines the degree to which the storage ope-

rator can increase the self-consumption ratio of the accompanying 

solar system. The tests can thus be divided into two categories:

Performance criteria for storage operators

 � Maximisation of the attainable self-sufficiency ratio and solar 

self-consumption ratio.

 � High efficiency of the system as a whole.

 � Minimisation of energy loss due to the 50% solar feed-in 

limit, which applies to systems that receive both EEG feed-in 

tariffs as well as support from the German KfW programme 

“Erneuerbare Energien – Speicher”. This requires intelligent 

charging strategies to enable the battery to take up the excess 

energy that would usually be throttled due to this regulation: 

energy is fed into the grid as long as the solar power output 

remains below 50% of its peak, whereas it is stored as soon as 

this limit is breached.

 � Prolongation of battery life: battery ageing can be slowed 

down by intelligent system control, in particular by 

keeping the state of charge (SOC) away from its limits as 

much as possible. This comes from the fact that lithium-

ion batteries age faster at both high and low SOC values.

Criteria to assess the effects on the grid

 � Reduction of load and generation peaks on the grid: the 

electricity network is often subjected to power spikes due 

to highly variable solar generation as well as fluctuating 

demand. Batteries can reduce this variability and thereby 

smooth the resulting load profile. The faster and more 

precise the reaction of the battery system is, the more 

these fluctuations can be compensated for, thus impro-

ving the power quality on the network.

 � Reduction of the midday peak with intelligent control 

schemes: charging the battery in a controlled fashion 

prevents it from being full before midday, so that it can 

act as a buffer to store the excess energy during times of 

peak solar power output.

Various tests will be carried out in order to evaluate the crite-

ria described above. Some of these include characterisation 

of the available capacity of the storage system, measurement 

of the step response (reaction time) of the system, determi-

nation of the efficiency curves of the individual components 
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