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Summary

Standalone battery systems are mostly developed separately for each application, because they are not
standardized. The EnergyTube System is a concept for a standardized and universal energy storage system
with battery and hydrogen fuel cell modules. Its modularity allows the usage from mobile applications, to
light electric vehicles, and stationary energy storage devices. It is scalable and swappable without impairing
the application. A hydrogen fuel cell module with a scalable hydrogen storage module and a hydrogen
refueling module has been developed extending the potential for the EnergyTube System. Battery and fuel

cell modules can be freely combined to hybrid systems.
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1 Background History of EnergyTube system

The EnergyTube battery module concept is based on an idea of Johannes Dérndorfer in 2010. Dérndorfer has
been working since more than two decades on small electric vehicle drives; by developing application
products he found a lot of difficulties with battery packs. Battery pack dimensions, chemistries and the
manufacturers were continually changing. Therefore, the idea of a standardised battery pack was developed
which is independent on cell chemistry and voltage by an integrated DC/DC voltage converter. This
EnergyTube battery module, can safely supply power devices between 9-60 Volt and can be stacked in
parallel. It can be swapped or recharged. This concept was awarded at the Green tech awards 2015 [1], and
brought to mass manufacturing level with automotive standard in 2017. The concept was provided to IEC for
standardization of a battery swap system as the Technical Specification IEC TS 61851-3-3 (under
preparation) [2].

At the end of 2016, this EnergyTube battery module concept was further complemented with a fuel cell
system fitting in the same standardised tubular format offering a second energy storage form in hydrogen.
The complemented modules are: a hydrogen fuel cell module with a scalable hydrogen storage module and
a hydrogen refueling module. This supplement energy storage in hydrogen gives the advantage of a tailor-
made hybrid system according to the application. Due to their modularity, the hybridization can be changed
on momentary demand. The battery module provides safe peak power combined with easy recharging. The

EVS30 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium 1



fuel cell modules with the hydrogen storage modules provide advantages in gravimetric and volumetric
energy density. The interconnectable hydrogen storage modules can be refueled with the hydrogen fueler
module based on a high-pressure electrolysis. Alternative refueling options are hydrogen filling stations [4]
or a home refueler from reformer or bottled hydrogen. Also, the development of hydrogen storage module
based on chemical hydrides is possible [3]. The idea is to create a complete, flexible and user-friendly fuel
cell system application.

2 The EnergyTube Concept

The system contains the EnergyTube module with batteries, the H2-EnergyTube module with fuel cell, the
H2-StorageTube with the hydrogen for the fuel cell, as well as a H2-FuellingTube module generating
hydrogen with electricity from water, as in Figs. 1, 2, 3, 4. Together, these modules build a scalable energy
system with fuel cell battery hybridisation.

2.1 Applications for the EnergyTube System

The modularity allows to cover a very wide range of applications starting from mobile applications like USB-
power banks to power tools or portable medical devices, to the extent of light electric vehicles, and stationary
energy storage devices, e.g. for renewable energy.

As the energy system is modular and standardized, it can be used for different applications during the day.
For example, the EnergyTubes of an e-bike parked at home can be used for the house energy storage. At the
same time, you can take out single modules of the home storage for using a power tool or a medical device
without influencing the function of the rest of the system.

3 Technologies of the EnergyTube Modules

3.1 The EnergyTube

The EnergyTube Fig.1 is the basic module of the energy system equipped with batteries, battery management
system (BMS), near field communication (NFC), and a DC/DC converter, which allows a voltage for the
application between 9 V and 60 V independent of the cell voltage. The peak power of one EnergyTube is 300
W at a capacity of max. 100 Wh. The weight is 624 g. Fig. 1 shows the components of an EnergyTube. The
EnergyTube has an electrical connection interface on bottom and top allowing to stack up and connect
EnergyTubes in parallel with a peak current of the EnergyTube column up to 50 A. The EnergyTube Adapter
allowing the connection of any application to the EnergyTubes is a part of the application and contains the
communication interface (NFC to e.g., CAN), electronic switches, sensors, and power connections.

3.2 The Hydrogen EnergyTube

The H2-EnergyTube is a fuel cell based power delivering module as shown in Fig. 2. It has the same NFC
communication and electric connecting interface on the bottom [5] of the tube like the EnergyTube with
batteries. The upper connection is different with a hydrogen inlet valve for high pressure hydrogen (up to 700
bar operating pressure) and contactless control power and communication interface. The polymer electrolyte
fuel cell (PEM-FC) has electric power of 100 W and is air cooled. Water produced from the fuel cell operation
and purge is taken out with the cooling air stream.
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Figure 1: EnergyTube Figure 2: Hydrogen EnergyTube

3.3

The H2-Storage Tube (Fig. 3) is a hydrogen storage module providing hydrogen for the H2-EnergyTube.
This module can contain in principle any hydrogen source like metal hydride storage, chemical hydride (like
PowerPaste [3]) or pressurised storage. The selected hydrogen storage method is a 700 bar pressurised system
allowing the storage of the equivalent of 200 Wh electric energy in a single tube size container (59 mm

The Hydrogen Storage Tube

diameter and length 180 mm) and 500 Wh in a double size tube (length 360 mm).
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Figure 3: Hydrogen StorageTube

3.4 The Hydrogen Fuelling Tube
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Figure 4: Hydrogen FuellingTube

The H2-FuellingTube is a device to generate hydrogen via electrolysis from water with electricity. It is one
possible way to refill the Hydrogen StorageTube. Other possibilities for refuelling would be with a hydrogen
filling station or a hydrogen home refueller [4], or use chemical hydride to fill the H2-StorageTubes or supply
hydrogen directly to the H2 EnergyTube [3].
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As illustrated in Fig. 4, the H2-FuellingTubes have an electrical interface on the top and a high-pressure
hydrogen interface on the bottom. Deionised water is refilled from the side of the tube. The electrolyser is
designed as high-pressure electrolyser providing up to 700 bar compressed hydrogen.

4 The Configurable Fuel Cell, Battery Hybrid System

The modularity of the design allows building and configuration of fuel cell battery hybrid systems according
to the application and the very individual user profiles. EnergyTube with batteries are used for peak power
demand, H2-EnergyTube with fuel cell contain together with H2-StorageTube about double the energy
capacity and have 100 W continues power in comparison with the (Battery) EnergyTube. Table 1 shows
capacity comparisons between battery only systems and some fuel cell battery hybrid system configurations.

Table 1: Capacity conparison of battery with fuel cell hybrid systems.

volume of 3 tubes volume of 12 tubes

=

300 Wh | 400 Wh | 500 Wh 1200 Wh 2600 Wh

4.1 Application of the Energy Tube System

A good overview of the application range for the EnergyTube System can be given in Fig. 5. It can be installed
into new and existing applications. Its modularity allows the usage from mobile applications, like USB-power
banks, to power tools, or portable medical devices, to the point of light electric vehicles, and stationary energy
storage devices, e.g. for renewable energy in the kWh to MWh class. Some examples are also shown in Fig.6
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Figure 5: Range of applications for the EnergyTube System
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Figure 6: Application examples of EnergyTube system (from right): with USB charger, camp light, solar
energy storage, and lawn mower.

4.1.1 Real world data of solar system with EnergyTube battery storage.

Tests were made with a typical house energy storage system, containing of 60 EnergyTubes in a AC grid
connected solar system, with 1.2 kWpeak solar panels. Fig. 7 shows example screen shots of the real-time
data provided through the communication interface. It shows one more fesable application.
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Figure: 7 House energy storage with EnergyTubes (from right) showing the values of battery stade of charge, solar
power and power consumption during 24 hours. The AC-consumption on each of the 3phase, and screen shot of the
real-time data provided through the communication interface.

4.2 The benefits of the hybrid system

- Flexibility: Scalable from about 0.2 kWh up to 5 kWh per H2-EnergyTube. Hybrid building block
system. The dimension will be chosen by the user. Exchangeable between, as well as within
stationary and mobile applications. (Key function: plug and play)

- Modularity: Single tubes are replaceable, without disrupting the complete system.

- Performance: Fuel cell technology will be interesting for small scale applications, that means range
extension and improved performance of mobile applications.

EVS30 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium 5



- Reliability: During fluctuating energy supply, a dynamic operation will be possible
- Cost Efficient: Utilization of same mechanical and electrical parts for all System components.

- Network building: Intelligent system which include: energy management system, remote servicing

is possible, power tracking, virtual power plant, increase of efficiency.

421

- Emergency systems which need a fast and reliable electrical supply — (almost no self-discharge of

the hydrogen system)

- High capacity and low weight applications (motorised vehicle applications)
- Applications that work independently of the supply network (mains) and which would benefit from
long-term storage of solar and wind energy (self-sufficient supply of surveillance cameras, tunnel-

lighting in the Alpes, emigrant farms)

4.3 Specifications of the Energy Tube System

They are especially applicable for the following market applications

A comparable overview of the EnergyTube System Moduels can be found in Table 2.

Table 2: Technical specifications of the EnergyTube system moduels

SAE J2799 Infrared*[6,7]

Description EnergyTube H2 EnergyTube H2 StorageTube H2 FuelingTube
(battery module) | (fuel cell module) (pressure tank module) (electrolyze module)
Diameter 59 mm 59 mm*
Hight / Length 180 mm 180 mm single tube 180 mm*
(174 mm connected) 360 mm double tube
Weight 624 g 400 g* 300 g*single tube 1kg*
500 g* double tube
Power 250W 100 W H2 flow 1 Slpm 90 W*
(Consumption)
Capacity 100Wh - 200 Wh* single tube 1,5 g* H, per hour
500 Wh* double tube (up to 800 bar)
System Voltage 9-60V (12 V* internal) Input 9-60 V *
(adjustable by NFC communication)
Start-up time Immediately <1 min* Opening time < 10 s* 1-2 min*
(<4ms*) Start-up by
Start-up voltage auxiliary power source 12V -
Communication Nearfield communication (NFC)[5] Qi-Standard* or NFC*

5 Summary and Conclusions

The energy supply system based on EnergyTube Modules and H2-EnergyTube Modules with H2-Storage
Tube is a very modular system, allowing to serve a very wide range of applications. The sizing of the tube
shape modules is chosen to be easy and safe to handle. It does not have to be declared as dangerous goods as
for batteries. Volume manufacturing benefits for fuel cell systems are easier to reach. Easy and fast to swap
to have new energy in the application, with long life time by monitoring and memorising the state of health
profile of each module. The decoupling with DC/DC converter allows to swap, add or take away modules
within the running application and to combine modules with different state of charge or hydrogen filling

pressure.

At the current stage, the system has reached prototype status and will have a mass production start in phases
beginning with the EnergyTube in 2017 followed by the H2-EnergyTube and H2-StorageTube, and lastly the
H2-FuelingTube.

*target value
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