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4.5 Second use of batteries
Batteries can receive a second use once their capacity has dropped below a value that is still acceptable for 
the first use. For instance, lithium-ion batteries whose capacity has dropped below 80% of the original value 
might no longer be used in vehicles, but might very well be used in stationary applications such as buildings 
where the capacity-to-weight-ratio is less important.

Example     

The use of 2nd-life e-bike batteries for stationary 
storage of electricity in Alpine huts has been test-
ed, and related benefits for hut owners and tour-
ists have been evaluated, on the Buchrainer Alpe 
in the Allgäu-area in Bavaria. The storage system 
comprises 12 used e-bike batteries that are per-
manently installed, and 4 detachable new e-bike 
batteries in a single housing. The latter can, when 
having been fully charged, be exchanged by e-bike 
tourists against empty batteries, thus allowing them 
to continue their tour without having to rely on their 
muscles only. This is to promote climate-friendly 
tourism in the Alpine Space.

Within the 12 permanently installed 2nd-use batter-
ies store excess power produced by the installed 
PV system is stored, thus providing electricity to 
the hut in times of low or no local power production 
– a special advantage because the hut is not con-
nected to the main grid and therefore relies com-
pletely on its own production.
For further information, view the Case Study “PVplusE-bike” on the AlpStore Website.

source: B.A.U.M. Consult GmbH / ReeVOLT

Fig. 18  The 2nd life e-bike-battery storage in Oberstdorf
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4.6 Energy storage and IT
Integrating energy storage in the energy supply system does not simply imply the physical connection of 
energy generators (such as a PV cell), energy consumption devices (such as an electronic vehicle or other 
appliances), and storage system. The key of smart energy systems are the operation routines for the power 
flows between all these elements. These routines are represented by algorithms which are themselves put 
down in software that controls different hardware components and their interactions. For this reason, In-
formation and Communication technologies (IT and ICT) have a growing importance in the context of smart 
energy systems, including storage.

The range of applications of IT and ICT is very wide. Basically, modern IT and ICT, including sensors and ac-
tors, allow for transfer of much larger amounts of data in much short time than it was required in the conven-
tional energy supply system. This allows principally to manage a much larger number of much more volatile 
components within the limits set by the generation and storage hardware. The management can be manually 
controlled or automated. Automation routines can be automatically adapted based (self-learning) based on 
time-series of real power flows.

As mentioned in chapter 3.5.5, communication protocols play a vitally important role when it comes to ena-
bling the match between the grid and smart E-cars for intelligent charging and other applications. Altogether, 
using ICT it is possible to build a Virtual Power System (VPS) in which generation and demand can be dy-
namically managed. For further information on these topics check the Guideline “Sustainable Power Systems 
for the Alpine Space”, available from the project website of AlpStore’s predecessor project AlpEnergy.

Making use of IT and ICT also opens new communication pathways with consumers of energy and poten-
tially storage – Smart Phone applications can involve users and provide him or her with feedback information 
about his or her current state of energy consumption. Other applications can be used to track travel journeys 
for private or business purposes while at the same time delivering information for mobile storage options to 
plan charging patterns of E-cars. Of course, these new options of combining IT with the energy and storage 
systems must also be handled with care: user data must follow privacy laws and the security of users data 
must be guaranteed at all times.
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Example     

In the area of Straßbourg, this pilot project set up a 
plan for an optimal storage and charging pattern in-
tended for an entire fleet of individual mobile storag-
es in EVs. With the help of a self-developed mobile 
app, travel data of (potential) electric vehicles (EV)-
users was collected (special attention was paid to 
privacy terms) and algorithms were established to 
simulate the optimal charging times and quantities. 
These algorithms were then put to the test with the 
installation of three charging stations in the Alsace 
area. In addition, this project enabled cross-border 
interoperability of these charging stations and the 
developed software with already existing German 
and French EV charging stations – increasing the 
span of the fleet of these mobile storages on wheels 
and activating a growing number of citizens through 
the continuously improved app.
For further information, view the Case Study “Alsace Auto 2.0” on the AlpStore Website.

source: Freshmile

Fig. 19  Planning a mobile storage fleet in Alsace
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4.7 The “soft” side of energy storage
As with many projects revolving around renewable energy technologies and their appliances, projects in-
volving storage options have a similar social impact and therefore require the involvement, information and 
engagement of the local population. 

This “soft” side, compared to the “hard” side referring to the technical set up, is much more difficult to grasp 
and there is not one general concept that explains how the topic of storage and smart use of energy should 
be approached on the community level. Nevertheless, it offers very favourable opportunities if the community 
is involved in an adequate way and can bear big challenges in the progress of projects if the social engage-
ment of the population is neglected.

In a first step, it can be helpful to assess the current opinions and point of view related to storage or renew-
able energies in a wider sense. This can also detect areas where more or better work needs to be done to 
inform and raise public awareness. Involving the population may also lead to financial funding options. 

On the other hand, if projects are implemented without the consultation of the local community, opposition is 
likely to form against new projects, not only related to storage. This can lead to mistrust between the project 
initiators (very often municipalities) and citizens and is likely to delay, if not abolish project plans.

Example     

The social aspects – involving local inhabitants and including their opinion is equally important. This is why in 
Grafing, an online survey assessed how locals view different aspects of renewable energy, including storage. The 
results show that the majority of the participants has a positive attitude towards the energy transition and is ready 
to install stores if it turns out to be financially feasible or if this makes energy self-sufficiency possible. A positive 
attitudes was also found towards a larger store in the municipality, provided it does not strain the environment or 
landscape, or influences the quality of living in Grafing. The survey also detected the need for more information 
activities – half of the participants do not know what a smart meter is.  Based on the survey results, more specific 
actions can be taken to include the local population of Grafing better in the future

For further information, view the Case Study “Biogas and District Heating in Grafing” on the AlpStore Website.

source: Research Center for Energy Economics (FfE)

Fig. 20  The citizen’s point of view in Grafing
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These examples demonstrate the impact of “soft” aspects. Unfortunately, these cannot be grasped and 
measured as easily as technical parameters, but it is essential to take these into account when it comes to 
planning and implementing renewable storage options.

Looking at the financial aspects of regional renewable energy system, including storage, a distinctive feature 
are the very low marginal costs. This means, the costs are essentially investment costs and there are very 
little operating costs. For mathematical reasons, the expected return on investment strongly then determines 
if an investment pays back or not with or without subsidies. Citizens who expect a return on investment of 
2.5% lower the cost of the generated energy by about 33% as compared to institutional investors who expect 
rather 8%. Hence, involving citizens in energy investments lowers the cost per kilowatt-hour in the same way 
as a 33% subsidy does.

Generally speaking regional identity is especially present in the Alpine Space. If the regional benefits for a 
region can be demonstrated to the local population, there may be a higher level to finance the project or sup-
port it in other ways. The county of Berchtesgaden, who supported the AlpStore project as a funding partner, 
implements a so called Regional Energy Efficiency Cooperative (REEG) to foster their regional energy transi-
tion. And AlpStore partner Güssing is proud to be able to implement their storage plans without public funds.

In the end, people will make the change – involving them from the beginning is the first step into a sustain-
able, green future.

source: Fondation Grand Paradis Association.

Fig. 21  Woman in Aosta charging Ebike at public charging station
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5 The STORM concept
5.1 The purpose of STORM

STORM stands for “Smart Storage and Mobility“. It is a model to develop and decide upon holistic solutions 
to increase regional RES supply and outbalance volatility with appropriate buffering means including mobile 
storage. 

In general terms, STORM follows the approach of Sustainable Energy Action Plan (SEAP) on regional level. 
While a SEAP very often describes overall generation and consumption of a region in the future, STORM 
takes the regional energy transition process to more detail. Especially when it comes to intermittent genera-
tion the entire energy system needs better balancing using short term and long term buffers. Operating a 
power grid may become too expensive if huge power flows need to be transferred to and from the transmis-
sion grids. It may be cheaper to balance on a regional level using the right storage technologies and IT based 
control systems. 

While a SEAP typically shows to what degree regional supply can be achieved, STORM wants to help imple-
ment such long term plans in practical terms. As rule of thumb following principles seem to be appropriate:

• Connect RES to the power grid wherever the grid is strong enough to cope with the extra power feed-in 
• Implement it systems to control generation and consumption as possible using methods of Demand  
 Side Management and generation side management
• Connect short term and long term storages to the grid as needed and control them via Information and  
 Communication Technology (ICT).
• To that end, STORM addresses the stakeholder group that has developed a regional energy master plan  
 and then wants to take responsibility for its implementation exploiting storage systems at their best.  
 Such stakeholders are:

•  Local and regional power suppliers and grid operators
•  Planning departments in local and regional administrations
•  Technology firms and regional crafts that supply storage technology
•  Scientific institutes supporting the practitioners
•  Media that has a relevant influence on the discussion and decision processes.

5.2 STORM workflow
As stated above, STORM relies on the results of a regional SEAP and takes them further. The general work-
flow comprises for steps:

1. Investigation of future regional generation and consumption patterns

 This task will normally have been accomplished by developing a SEAP or similar regional energy plan. Such 
a plan describes the potentials of reducing energy consumption and providing the rest from regional sources 
as possible. To allow for the development of practical supply systems, consumption should be described with 
its development over the day, including potential flexibility. The same is true for the generation side. 

If any possible, in this first step various options should be described that allow for building an optimal regional 
“farm of generators”. 

It should be an integral part of a regional energy plan to describe not only the technical potentials but also the 
willingness of the stakeholders and the financial potentials of a region to implement such an energy plan. To 
that end, the energy plan should describe the needs and objectives of as many interest groups as possible. 

2. Investigation of storage needs and assessment of regional potential
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The more ambitious a region will be to achieve self-supply the more likely it will need a comprehensive stor-
age plan. Mainly in electrical power systems it is the limitations in the flexibility of consumption that pose the 
need to either transfer energy through transmission grids and/or store it for later times. While with low pen-
etration of grids with fluctuating generation (below 40%) in most cases means of generation and demand side 
control will be sufficient to maintain stability 
of the system, with higher penetration the 
need for storage will quickly increase. 

As described in chapter 3 there is quite a 
choice of storage technologies with a big 
variety of characteristics. Some of those 
highly depend on local givens to be used 
(e.g. hydro pump stations or large biogas 
tanks). So it is not only necessary to assess 
the needs for storage but also the potentials 
of local implementation of such systems. 
As is true for the generation systems, there 
may be quite a difference between the tech-
nical and economical storage potentials 
and the real potentials. The latter depend 
on questions of acceptance and the will of 
the local society and decision makers to 
use the opportunities.

3. Development of a master plan for the 
renewable energy use and storage until 
2030

Having carefully assessed the generation and consumption patterns, a regional storage master plan can be 
derived. Using the technological and financial hints from AlpStore experts published in this guideline and the 
“Guideline for Planners and Practitioners”, the storage master plan shall describe

• Overview of the status quo of the existing regional energy system
• Overview of the status quo of the envisioned future energy system (typically derived from a SEAP and  
 describing regional energy generation and consumption as well as the future energy related grids (power,  
 gas, mobility)
• Future Energy Storage Requirements (possibly for 2020, 2025, 2030) 
• Potentials for Regional Storage including potentials of mobile storage (gas, H2 and electric vehicles)
• National and regional framework for future storage systems
• Visions and goals of the regional community
• Roadmap to establish the regional storage farm describing various scenarios 
• Concrete measures and projects for the next few years

All regions involved in AlpStore have developed such Storage Master Plans (StoMP). They are available from 
the AlpStore website and can serve as blue prints for similar regions and as a source for ideas for all others.

4. Implementation of the master plan by pilot installations

While the StoMP is a long term strategic plan, practically the region needs an implementation plan at least 
for the first steps. Such implementation plans should cover specific projects and describe the pilot installation 
process in detail including elements for the evaluation of costs and benefits. AlpStore partners developed 
such plans and have chosen the following structure to describe their pilot implementations:

• The pilot region 

source: Covenant of Mayors

Fig. 22  The continuous improvement process of SEAP
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• Choosing the locations for the pilot implementation
• The implementation team
• Planned activities (technology, step by step work plan)
• Impact of the implementation: expected results, regional relevance and value added, degree of innovation)
• Accompanying communication concept
• Monitoring concept to assess success

From experience one can tell that developing a storage master plan and such comprehensive implementa-
tion plans can take quite some time. It is a question of motivation and “time to market” to not wait with practical 
steps until everything is ready in the plan. Therefore, AlpStore proposes to implement “no regret measures” 
during the development phase (see chap. 5.3). Many of such measure have been proven feasible in the pilot 
implementations of the AlpStore partners.




