
 
 

 
Background Information 

 

Last updated: June 2016 1

Replacing series with parallel: The revolution in 
energy storage 

 

Preface ..................................................................................................................... 2 

Energy storage systems: The state of technology until now ................................... 3 

Problems in storage system operation and design ............................................... 3 

Weak/defect cells disproportionately affect the performance of the overall 
system .................................................................................................................. 3 

Designing within tight parameters ...................................................................... 4 

Summary of the disadvantages of conventional, series-connected energy storage 
systems ................................................................................................................ 4 

The implications of this ....................................................................................... 4 

Paradigm shift: What sets Pacadu apart from other energy storage systems? ........ 4 

Pacadu in brief ..................................................................................................... 5 

Capacity or performance? Pacadu energy storage systems can do both ............. 5 

High efficiency value .......................................................................................... 5 

Old vs. new – or: Second life vs. Pacadu selected cells ...................................... 6 

The birth of Pacadu ................................................................................................. 6 

About ASD .............................................................................................................. 6 

Contact and information .......................................................................................... 7 

  



 
 

 
Background Information 

 

Last updated: June 2016 2

“ASD’s storage system concept is a 
technical breakthrough – it solves many of 
the problems associated with electrical 
systems in one go.” 

Franz Untersteller, Minister of the Environment, Cl imate 
Protection and the Energy Sector Baden-Württemberg 
and member of the jury, at the presentation of the 
Environmental Technology Prize 2015. 

Replacing series with parallel: The revolution in e nergy 
storage 

Preface 
There are a number of reasons why storage systems are currently gaining in 
importance and why this will continue. In recent years, power grids have become 
increasingly prone to failure and less well-balanced. Energy storage systems are 
the solution to ensuring the power supply in spite of this – not just for production 
companies, but also for private households. At the same time, the possibility of 
storing energy opens up a wide range of advantages. 

For example, it allows self-generated energy to be used at another point in time, 
which reduces the need for companies and private individuals to buy in externally 
generated power. Another advantage is known as peak shaving: The demand 
charges (use-of-system charges) are paid according to the peak load. This 
means that even if only a single higher power peak is generated within a 15 
minute time frame, the purchaser has to pay more for the entire accounting 
period, usually a calendar year. This can be avoided with an energy storage 
system. For industry in particular, it is significant that uninterrupted power supply 
(UPS) can be provided using a storage system. Moreover, UPS can be extended 
to cover not just necessary devices and machines, but also those that make 
economic sense. This is especially important if valuable time is lost due to a 
power failure, if production and sales losses are incurred, and also if the power 
failure results in additional costs and expenses, such as those for returning 
machines to operation. Additionally, if the storage device is full and the power is 
not required at that time for on-site consumption, surplus energy can more and 
more often be sold as balancing energy.  

It follows then, that using storage systems offers clear advantages – though there 
are some significant differences in their technical functioning. 

The Parallel Automatic Charge And Discharge Unit – shortened to Pacadu – is 
the smart storage and control system from ASD Automatic Storage Device 
GmbH, which has its headquarters in Umkirch, near Freiburg. The special 
feature: Pacadu connects the cells in the storage device in parallel. It is the only 
control system that makes it possible to combine completely different cell types,  
capacities and technologies. 

The innovative company has already 
received numerous awards for Pacadu: the 
German Renewables Award in 2013, the 
Baden-Württemberg Environmental 
Technology Prize in 2015, and second place 
in the Future Award in 2016 granted by the 
Ewald Marquardt Private Foundation. 

A storage system controlled by Pacadu has 
fundamentally different operating principles in comparison to a 
conventional storage system. Thus, the following will initially explore the technical 
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background in detail, before moving on to the innovative operating principles 
behind Pacadu. 

Energy storage systems: The state of technology unt il now 
Problems in storage system operation and design 
Until now, battery storage systems were generally connected in series. However, 
when configured and designed in series, they only function under the following 
conditions: 

All battery cells utilised 

� must come from the same manufacturer 
� must be the same type of cell 
� must come from the same production batch 
� must have exactly the same internal resistance 
� must have exactly the same state of charge 
� must be in exactly the same condition 

Equipped with cells which fulfil all of these requirement, a series-connected 
storage system functions smoothly at first. However each cell used in the storage 
system undergoes an individual ageing process, which means that the cells 
gradually arrive at different states of charge and conditions. The consequence: 
The storage system moves further away from the ideal conditions described 
above with every single charge and discharge process. The outcome: The usable 
capacity of the overall system constantly and significantly decreases. 

Weak/defect cells disproportionately affect the per formance of the overall 
system 
The overall performance of a series-connected storage system is 
disproportionately affected by the weakest cell in the system. If a single cell in the 
system is operating at only 60% of its initial capacity, then the capacity of the 
entire series-connected cell block drops to 60% – completely independently of 
the condition of the overall system. 

The first battery cell to reach its 100% filling status terminates the charging 
process of the overall system, as otherwise that cell would be destroyed. The 
same applies to the cell which reaches its final discharging voltage first. The 
entire block can not be discharged any further as this would destroy the weakest 
cell. 

The more charging cycles a block has completed, the more likely it is to run into 
difficulties, as the cells arrive at different states of charge and different physical 
conditions. The useable capacity in the system continues to decrease steadily. If 
a cell has lost so much capacity after a certain number of charging cycles that it 
significantly limits the system, due to the requirements of the system, it cannot be 
exchanged for a new cell. Neither the capacity, nor the internal resistance or 
condition of the new cell would match the older cells remaining in the system. A 
system repaired in this way will never function properly again. In the worst case, 
the failure of a single cell can bring the entire system to a halt. 
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“Even with Pacadu’s basic electronic 
infrastructure, capacities of 3 kWh up to 120 
kWh are possible. This flexibility makes it 
easier to reach a decision on the intial design 
and provides investment security.” 

Matthias Ruh, Managing Director of ASD 

Designing within tight parameters 
Direct current from battery cells must be transformed into alternating current or 
alternating voltage in order to operate downstream systems from a stationary 
battery storage system. The inverter installed for this requires a specific voltage 
on the battery side, which is typically between 24 and 60 volts. The voltage can 
be attained with a chain of around 14 to 20 cells, depending on the cell chemistry 
and the type of inverter used. This significantly limits the capacity design of 
storage systems – both fundamentally and subsequently. Once this type of 
storage system has been designed, it basically cannot be further adjusted or 
subesequently scaled, as the input voltage of the inverter also determines the 
minimal and maximal number of cells. 

Summary of the disadvantages of conventional, serie s-connected energy 
storage systems 

� The cell block requires cells which are practically identical 
� Weak/defect cells disproportionately compromise the overall performance 

of the storage system 
� Replacing weak/defect cells does not solve the problem or at least not 

long-term 
� After around three to five years, the individual cell ageing process of 

almost every system is imbalanced to the extent that the overall capacity 
significantly declines 

� Limited design possibilities and scalability 

The implications of this 

� The production of twin cells is complex and expensive 
� There is considerable risk for buyers and investors because the energy 

storage systems 
... are not stable and efficient in the long-term 
... can not be subsequently scaled 

� Energy storage systems are slow to catch on 

Paradigm shift: What sets Pacadu apart from other e nergy 
storage systems? 
Firstly in Pacadu, the storage control 
system developed by ASD, the cells 
are connected in parallel – this makes 
all the difference, as it offers 
considerable freedom in the choice of 
cells and the composition of batteries. 
As a result, in contrast to other 
storage systems, it is no longer 
necessary to install identical cells with 
exactly the same charging and physical conditions – quite the opposite: 
Almost any cell can be connected. As Pacadu is mounted as a circuit board 
onto one or multiple cells connected in parallel, each Pacadu can be controlled 
separately and adjusted by inputting a few parameters into the connected cell(s). 
The control system also helps the systems equipped with Pacadu to pay for 
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“Pacadu could also give an unexpected 
boost to the e-mobility market as it allows 
high-performance and high-capacity cells to 
be combined in just one energy storage 
system. This would improve the 
acceleration and increase the range of the 
electric car as we know it.” 

Wolfram Walter, Managing Director of ASD and invent or 
of the Pacadu technology 

themselves more quickly. Pacadu’s second significant advantage is its scalability: 
The size of the system can be expanded or decreased as required at any time – 
no other storage solution achieves this level of flexibility. 

Pacadu in brief 
The Pacadu smart energy storage control unit connects the cells in energy 
storage systems in parallel. All the disadvantages inherent in the previously 
common series connections are eliminated in one go:  

� No restrictions on the choice and combination of cells 
� The weakest cells no longer reduce the performance and lifespan of the 

whole battery 
� Defect cells can easily be exchanged 
� This type of storage system can be equipped with completely different 

cells; different cell types, capacities and technologies can be combined as 
required 

� The size of storage systems controlled by Pacadu can easily be increased 
as needed and, most notably, can also be reduced. 

Conclusion: Storage systems equipped with Pacadu maintain high performance 
and capacity, which increases the lifespan of the entire system. 

Capacity or performance? Pacadu energy storage syst ems can do both 
Yet another advantage is the separation of the physical variables of capacity and 
performance, which is now possible for the first 
time in a storage system. Battery cells either 
have a high capacity or are developed for a 
fast power output. Until now, it was not 
possible to bring them both together in a 
single storage system. In a storage system 
based on Pacadu technology, both cell types 
can be combined and used as required. This 
way, it is possible to fit some parts of the 
storage system with performance cells to 
cover brief power peaks, whilst other parts of 
the same storage system are fitted with 
capacity cells to cover a constant base load 
over long periods of time. A storage system 
built in this way is ideal for use in electric cars, 
for example, and at the same time is significantly 
cheaper than a conventional storage system which must perform 
these two tasks with the same type of cells. 

High efficiency value 
Other advantages include the efficiency value of storage systems controlled by 
Pacadu. 

� Only as many Pacadus, including their respective connected battery cells, 
as are necessary for the required output are used 

� The single Pacadu has several operating modes which can be optimally 
employed to suit the workload 
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This helps to ensure that storage systems controlled by Pacadu reach an 
efficiency value of over 90% in almost every operating range. 

Old vs. new – or: Second life vs. Pacadu selected c ells 
There are a variety of ways to make the most of the freedom in the choice of cells 
to be deployed in a storage system controlled by Pacadu. 

For a start, old batteries can be deployed, thereby giving them a new lease of life 
instead of throwing them away – the established technical term for this is: second 
life. Regardless whether they come from electric cars or are decommissioned 
from a UPS energy storage system, most of the original power in such “old 
batteries” is still available even after the end of their initial use. This power may 
not be enough for their original purpose, however it is absolutely sufficient for 
deployment in a stationary energy storage system. 
According to a study published in April 2016,1 by 2025, up to 25 GWh of storage 
capacity could be available as second-life batteries from e-mobility alone. The 
individual cells in second-life batteries have to be checked and reconditioned, but 
can then be connected to a storage system controlled by Pacadu without any 
problems. 

On the other hand, there is a huge quantity of new cells which on their own are 
fully functional, however which cannot be connected in series because they are 
not exactly identical. They differ too greatly from other cells to be deployed in a 
series-connected energy storage system. By contrast, these cells can be used 
without a problem in devices controlled by Pacadu. This is why ASD refers to 
“Pacadu selected cells”, which are not suitable for connection in series outside of 
the specification, and therefore have not previously been used in energy storage 
systems, although they are actually as good as new and fully functional. 

The birth of Pacadu 
It all began with an inquiry received by the ASD Managing Director Wolfram 
Walter: Would he be willing to make the roof of his aircraft hangar available for 
the construction and operation of a photovoltaic installation? Walter researched 
the topic and decided to take on the whole project himself. Whilst searching for a 
storage system, he was forced to conclude in 2011 that there were no 
satisfactory solutions available on the market. As a result, Walter developed a 
energy storage solution – and this was the birth of the Pacadu control system. 

About ASD 
ASD Automatic Storage Device GmbH is headquartered in Umkirch, near the 
German city of Freiburg. The company manufactures smart storage systems for 
private use and industrial applications. The storage systems, based on smart 
control technology developed in-house, are of particular interest to industrial 
enterprises, as performance and capacity can be configured and scaled 
independently of one another within a system. If required, subsequent 
                                                 
1Source: Second Life-Batteries As Flexible Storage For Renewables Energies. A brief study commissioned by 
the German Renewable Energy Federation and the Hannover Messe. 
PDF accessed on 07.06.2016 from http://www.bee-ev.de/home/publikationen/studien  
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adjustments can be made at any time, guaranteeing cost-efficient operation over 
the long-term. Both domestic storage systems and large-scale and project 
storage systems make it possible to take full advantage of self-generated green 
energy. 
The innovative company has already received numerous awards: the German 
Renewables Award in 2013, the Baden-Württemberg Environmental Technology 
Prize in 2015, and second place in the Future Award from the Ewald Marquardt 
Private Foundation in 2016. 
For more information, please visit www.asd-sonnenspeicher.de. 

Contact and information 
This information makes no claim to be complete, but acts as advance information 
for editors as well as possible interested parties. 

Please note: Visual materials are only in screen resolution. If required, print 
resolution can be ordered from: asd@pr-hoch-drei.de 
Image credits, unless otherwise indicated: ASD Automatic Storage Device 
GmbH. 

If you have any questions, we will be happy to help. If you use this information in 
your reporting, we would greatly appreciate it if you could inform us and/or send 
us a specimen copy. If you are interested in an exclusive specialist article on 
energy storage in general, or on a specific aspect of the topic, please do not 
hesitate to get in touch. 

 

 

Contact details for editorial teams: Contact detail s for readers: 
 
PR hoch drei GmbH 
Ramona Riesterer 
Esperantostraße 12 
70197 Stuttgart, Germany 

Tel.: +49 711 820 86668 
asd@pr-hoch-drei.de   
www.pr-hoch-drei.de 

 
ASD Automatic Storage Device GmbH 
Frederik Fuchs 
Im Brunnenfeld 6 
79224 Umkirch, Germany 

Tel.: +49 7665 9809-4442 
F.Fuchs@asd-sonnenspeicher.com 
www.asd-sonnenspeicher.com 

 

ASD Youtube Channel: https://www.youtube.com/user/stromspeicher   
Video for the Environmental Technology Prize: 


