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Foreword
Prosperity of the Alpine Space depends on the availability of energy. While energy
provision can be achieved with local resources such as water, wind and sun, storage
is necessary to bridge times of low generation. These guidelines are addressed to
regional decision makers, who aim to contribute to the local energy transition by implementing ambitious energy and climate protection plans. The energy turnaround
will not work without proper storage technologies. But how many storage facilities
do we need, which ones, where and when? And how can local citizens, regional
enterprises and tourism equally profit from a renewable energy infrastructure with
storage?
In AlpStore, 19 partners from all 7 Alpine countries investigated the short, medium
and long term requirements for both stationary and mobile energy storage. They
tested storage that needs to be available all the time as well as others such as the
batteries of electric vehicles, which may be disconnected from the power grid for a while. They used a wide
range of technologies, such as biogas and hydrogen. They tested second life batteries and developed communication strategies and actively involved local citizens. Now, it is time to share their findings, results and
experiences from the implemented pilot applications to contribute to a better understanding of how storage
works and how they can help secure the prosperity of the Alpine Space.
These guidelines are intended to give an insight in their work processes and results. It shall allow a broad
range of public and entrepreneurial decision makers to understand their rationales of sustainable storage and
turn them into their own successful stories.
As leader of the AlpStore partnership, let me express my deepest respect to all our partners. They have been
pioneers and they have succeeded in overcoming multiple organizational and technological hurdles.
On behalf of the entire partnership, let me say „thank you“ to all funding institutions on a European, national
and regional level. We hope that all followers will have the courage and spirit to include storage options in
their energy system and to instigate a long-term change towards an energy system that incorporates an increasing amount of renewable energy.
Ludwig Karg, Executive Director of Lead Partner B.A.U.M.
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1

AlpStore project

Energy storage is not an end in itself, but a means to an end. Besides intelligent grids, storage systems will be
key enablers for a future mostly renewable energy supply. The ultimate objective of energy storage is to help
meeting human needs such as lighting, motion, heating, cooling, transport, information, products, etc. For that
purpose, energy is required and depending on how these needs are addressed, the required form of energy
might be electricity. As these needs are fundamental, the provision of energy must be secure, reliable, and affordable, but also non-detrimental to the climate and ecologically friendly.
A broad consensus exists that an energy supply system that fulfils these criteria must be mainly based on
Renewable Energy Sources (RES) on a worldwide scale by the middle of the 21st century at the latest. Sun,
water and biomass are a natural capital of the Alpine Space. It is necessary to use them for the production of
energy. An analysis of the potentials of different RES shows that a suitable mix of renewable energies will be
dominated by electricity generating technologies making use of the intermittent sources of solar radiation and
wind power. At this point storage comes into play on a larger scale than ever before.
AlpStore concentrated on the Alpine specific challenges and opportunities related to energy storage. Partners in seven countries created regional master plans for the deployment of storage technology. Pilot implementations in all participating regions have shown the feasibility of mobile and stationary storage in public
infrastructure, business parks, enterprises and smart homes. From there the STORM concept (see chapter
4) and guidelines for decision makers (this document) and planners and practitioners (to be obtained from the
AlpStore website) have been derived.
For more information about the project, partners, pilots, activities, news, resources etc. please visit www.alpstore.info.

source: B.A.U.M.

Fig. 1

AlpStore activities spread over the entire Alpine Space
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2

Smart Energy and Storage

2.1

Needs for storage

Step by step, renewable and mostly distributed resources become the predominant source of energy sup-ply.
The quantity of energy produced from Renewable Energy Sources (RES) within the EU-28 increased overall
by 81,3% between 2002 and 2012, equivalent to an average increase of 6,1% per year.
Table 1, Primary renewable energy use for production of electricity (Source: UVEK, 2012, EurObserv’ER
2013)
Electricity
production from
RES (2012)

Equals %
of total
production

Biomass,
Small hydro Solar
biogas,
power*
(PV)
waste

Wind

Geothermal

UE 27

763,5 TWh

23,4%

19,5%

43,9%

9,2%

26,6%

0,8%

Austria

13,2 TWh

68,3%

35,3%

43,5%

2,6%

18,7%

0,0%

France

30,5 TWh

16,1%

17,2%

18,9%

14,6%

49,2%

0,2%

Germany

128,7 TWh

24,0%

34,5%

5,6%

20,5%

39,4%

0,0%

Italy

56,6 TWh

26,6%

16,5%

16,6%

33,3%

23,7%

9,9%

Slovenia

0,7 TWh

29,5%

37,2%

40,5%

22,2%

0,1%

0,0%

Switzerland

39,4 TWh

60,1%

3,6%

95,4%

0,8%

0,2%

0,0%

thereof

*<10MW, for Switzerland all Hydropower regardless of size

Among renewable energies, the most important source in the EU-28 is biomass and waste. Hydropower was
the other main contributor to the renewable energy mix. Although its level of production remains relatively low,
there was a particularly rapid expansion in the output of wind energy. In Germany in 2013, for the first time
the installed generation capacity of wind turbines, photovoltaic systems, biomass and hydropower (84,8 GW)
exceeded the maximum recorded power demand (74GW).
At present, the photovoltaic (PV) electricity generation at midday has reached a level of power, which leads
to a strong offer and subsequent reduction of spot market prices for electricity in many European countries.
In Germany for instance, this has led to a more constant residual demand and electricity prices than before,
when the demand and spot market prices peaked at noon. It has reduced the need for, and profitability of,
pump storage systems and gas power plants. However, it is obvious that this situation will not persist and
pump storage systems, or more generally storage systems of any kind, and flexible electricity power plants
will be needed very soon at much larger scale than ever. In Italy, this situation exists already today: The
demand peaks in the early evening hours when the electricity generation from PV plants is very low. Conventional power plants have difficulties to deal with this situation. Storage could be a solution.
The needs and principles of storage and other means can easily be explained with the series of pictures in
Fig. 2 . It shows that grid management typically comprises a set of measures that complement each other.
There are considerable differences in the renewable energy mix across the Member States, which reflect to
a large degree natural endowments and climatic conditions. That even holds true for different regions inside
the countries of the Alpine Space. Obviously, hydropower plays a predominant role in mountainous regions.
In central Italy, geothermal energy sources are available, and this is a very interesting energy source in this
region. For climatic, societal and geographical reasons wind energy today has limited relevance in the Alpine
countries, whereas solar energy enjoys dramatic uptakes in various regions, especially in Southern Germany.
Thus, coping with the challenges and opportunities of renewable energy sources requires regional considerations. The same is true for considerations on short term and long term storage needs.
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Generation exceeding consumption
Together, generation from solar panels and pre-scheduled
generation from biogas and hydro even exceed peak demand
at noon. To maintain grid stability measures have to be taken.

Adapting consumption to generation
Using methods of Demand Side Management (e. g. charging
electric vehicles when excess power is available) one could
try to match generation and consumption. However, the degree for changing the consumption curve is limited.

Curtailment
In order to stay within the ranges set for grid sta-bility (e. g. to
not exceed maximum voltage) generators – in this case the
inverters of the PV stations – can be switched off so they don’t
feed power into the grid.

Flexible production
Giving up prescheduled generation from biogas and water and
matching it in (near) real time with the consumption needs total generation can be reduced. In a sense this means storage, since energy stays in biogas or hydro storages until it is
needed.

Storage
In addition to flexible production, buffering media such as batteries can be used to store energy created at noon for later
use.

source: B.A.U.M. and FfE

Fig. 2

Managing fluctuating and excess power generation
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2.2

Energy storage in the context of the Alpine Space

The Alpine Space (AS) is predestined for multifaceted decentralised generation of power from Renewable
Energy Sources.Many of those are intermittent and power usage must better adapt to generation. While Demand Side Management offers limited potential, intelligent storage technologies can provide for cost effective
buffering in metropolitan as well as scattered habitats. In its Energy Roadmap 2050 the EC claims that “storage technologies remain critical” and refers to “batteries, fuel cells and hydrogen, which together with smart
grids can multiply the benefits of electro-mobility both for decarbonisation of transport and development of
RES”. The EU 2020 flagship initiative for a resource-efficient Europe strives for joint efforts concerning the
use of ICT for a smart energy system. The EC calls the smart grid “a fully integrated network planning for […]
distribution, storage and electricity highways” and calls for innovative instruments to finance the necessary
investment - including public private partnerships (PPP).
While the extension of pumped hydro storages meets natural and societal barriers, other technologies can
bring added value to homes, towns and regions. No realistic storage scenario taking into account technological, societal, geographic and climatological characteristics of the AS has been evaluated. There is a lot of
uncertainty with decision makers as to the viability of small, medium and large-scale storages. With explorative and piloting actions AlpStore assessed which mixture of technologies will best fit the AS needs. It
pre-pared the implementation of combined storage and mobility concepts in regional and municipal planning.
Many regions have developed energy and climate concepts. They have used methodologies such as Strategic Energy Action Plans (SEAP) which have
been developed in projects SEAP-Alps and Al- Example				
pEnergy (both funded in the Alpine Space Pro- Storage Master Plan of the
gram, see www.seap-alps.eu and www.alpen- Allgäu Region
ergy.net). All regions involved in AlpStore have
added Storage Master Plans (SMP) to their Based on the ambitious goal of reaching a share of 70%
of electricity consumption coming from renew-able energy
regional energy plans. Starting from the status
sources in the region, the storage master plan identified imquo of the regional energy system and antici- portant potentials concerning stor-age for the entire Allgäu
pated generation and consumption patterns in region. It includes a list of advantages and disadvantages of
the region such a master plan contains consid- small scale storages for households, the elaboration of deerations on
centralized en-ergy storages in local network stations in a
• visions and goals to be shared by the regional society
• regional storage park describing local potentials to deploy various technologies
• a storage roadmap describing measures to
take short term and in the years to come.
• organizational structures for the implementation of the storage roadmap.

2.3

pilot pro-ject (IRENE), and the establishment of smart grid
pro-jects. The master plan also values the need for social
acceptance and participation of local citizens, and includes
public relation measures to reach this goal. Finally, the master
plan includes steps to connect different activities in the future
and names first concrete projects.
For further information and the Master plans of all regions,
please visit the AlpStore Website.

An integrated view

To put storage into perspective and to get a better picture of its role in a mainly renewable-based energy
supply system, it is helpful to consider in more detail the very basic function of storage: to provide a buffer for
stabilising energy flow between its source and the consumption facility. While everybody would know batteries and hydro pump stations, other examples of such energy buffers are:
• Coal, petrol, natural gas, biomass, biogas etc. which are chemically bound energy in a form that still
needs conversion. Hence, storage for these materials are energy storage at the beginning of the conversion chain.
• Hot water tanks, district heating grid lines, etc. which store thermal energy thus matching heat generation and use.
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• Rotating masses in thermal power stations that store huge amounts of energy in form of rotational energy, which serves as spinning reserve for stabilising the frequency of the electric grid.
• Cold storages, freezing warehouses or liquefied gases that store energy services (the provision of cold).
• Compressed air in bottles and tanks storing mechanical energy
• Capacitors and inductors in electric equipment.
The whole picture of storage options and their interdependence with energy generation and use is quite
complex. An overview of the most important pathways is given in Fig. 3. It illustrates that an overall optimisation of the energy system requires an integrated view of the different energy sources, use cases and vectors, notably the grid-bound energy vectors electricity, heat, and gas. The diagram distinguishes notably gas
(grey), electricity (blue), and heat (red). Facilities that convert energy between these forms are indicated by
diagonally divided two-coloured squares.
The same store can be used in different ways. Compressed air storage can for instance only be used for
increasing the existing compressed air buffer capacity in industrial facilities, thus allowing for more flexibly
operating the compressors and for making use of arbitrage if the compressor capacity is also increased. This
case falls in the category of Demand Side Management (see chapter 2.5.2) and is normally not considered as
storage. However, it is not much different from the case where (a part of) the compressed air is re-expanded
to operate a turbine that drives a generator.

source: B.A.U.M.

Fig. 3

Energy pathways with energy storage
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Storage period and market availability

source: B.A.U.M.

Fig. 4

Storage technologies and their deployment options for short term and long term buffering

While working on the Storage Master Plans it became very clear that there are two complementary storage
needs: short term and long term. There are quite some proven and economically viable technologies for
short term buffering of electrical energy and to better manage stress on the power grid. To date, storing high
energy amounts for weeks and months lacks feasible solutions. Fig. 4 depicts the main storage technologies
and their deployment options for short term and long term buffering. With more advanced technologies being
developed and steep (decreasing) price curves the use cases for various technologies may evolve quickly in
the near future (see the frequently asked questions in chap. 3. on some economic aspects).

2.4

Storage Technologies

This chapter gives a short overview of existing technologies, their availability and purpose. For a detailed
description check the “AlpStore Guidelines for Planners and Practitioners”.

2.4.1 Stationary Batteries
Contrary to mobile batteries (see chap. 2.4.2), stationary batteries do not necessarily need to be light-weight
and weight and size do not play a significant role unless storage becomes extremely big. The safety requirements are also lower. Examples of stationary batteries include:
Lead-acid batteries: Lead-acid batteries have been used as storage in renewable energy (RE) systems for
about three decades and can be considered as established, proven and relatively cheap battery storage
technology. The main disadvantage of lead-acid batteries is their high weight.
Lithium-ion batteries: About 30 manufacturers of lithium-ion battery cells exist worldwide. Improvements of
lithium-ion batteries are made at all levels. The extrapolated remaining capacity of Sol-ion (lithium-ion) batteries after 20 years is 80 %. Used lithium-ion batteries from vehicles can be reused as stationary batteries
when they no longer have a sufficient capacity for mobile application.
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Redox-flow batteries: Other but in conventional batteries in flow cells energy is stored in the electrolyte in
potentially separable liquid tanks. In that sense they are similar to fuel cells. The energy is stored in the electrolyte and discharge losses are minimal. With their near unlimited longevity they outclass most con-ventional
batteries.

2.4.2 Mobile Batteries
After years of stagnation a wide variety of fully electric and plug-in hybrid vehicles have started populating the
roads and streets. For these electrical energy is provided by on-board batteries. The latter can retrieve and
store energy from the electrical grid in a more or less intelligent and grid serving way (grid-to-vehicle systems,
G2V). In addition they can dispatch electrical energy to the grid as needed (vehicle-to-grid systems, V2G).
However such advanced concepts are still largely conceptual. Batteries for vehicles must be light-weight and
must have a high energy storage capacity which allows driving the vehicle over a sufficiently large distance.
Key questions as to the usability of mobile batteries for energy and grid management are:
• How often and when will they be hooked to the power grid?
• Will it be possible to get control over the time and amount of charging them?
• Will it be possible to implement a bidirectional energy flow?

2.4.3 Hydro storage
Regional water pump storage systems refer to using dams in nearby, higher altitude valleys or artificial water
storages to store excess solar or wind. Water is pumped using excess or low-priced electricity – the potential
gravity energy is maintained with little loss. The stored water can be quickly released to drive turbines to meet
peak demands. For capacity and economic reasons, chances are little to use hydro pump stations for long
term storage.
Many run water systems include small reservoirs. This allows for short term control of generation, e. g. in
order to balance infeed from PV or wind generators.

2.4.4 Thermal energy storage systems
A big variety of materials such as concrete, stones, sand, water or combinations with salt can be used to store
thermal heat – even long term. Today these technologies are amongst the most feasible and cost effective
means to use excess power from fluctuating renewable energy sources. The big variation of materials allows
for following thermal energy storage systems:
A major application of hot water energy storage is linked to cogeneration of electricity and heat in combined
heat and power plants (CHP). Electricity is not stored, but electricity and heat cogeneration happens in pattern with the electricity demand. Therefore, this option is rather a kind of electricity generation man-agement.
This can be generally said of all cases where electricity and heat are cogenerated in pattern with the electricity demand and the heat is stored.
Depending on the size of the CHP, the size of the hot water storage ranges from a few to several 1,000 cubic
meters. Very large hot water storage can even serve as seasonal heat storage. Thermal storage allows for a
more flexible operation of CHP, especially to reduce fuel intensive frequent starting processes.
Electricity generation-demand matching with hot water energy storage can also be done with heat pumps,
which have a sufficiently large heat store. It can further be done with fuel cells, which cogenerate electricity
and heat, and it can even be done with simple electric hot water heaters.
High Temperature Thermal Energy Storage System (HTTESS) is experimented with as an option for storing
heat generated from excess electricity in combustion power plants, thus allowing for more flexibly operating
base and medium load conventional power plants and biomass power plants. During discharge, the heat is
used to pre-heat the combustion air and the fuel demand of the plant is decreased.
Different types of low temperature heat storage can be subdivided into sensible heat storage which goes
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along with a temperature change of the storage medium, and latent heat storage where heat is stored in a
medium that remains at a specific temperature, but changes its physical phase, e.g. from liquid to solid and
vice versa. The medium used for sensible heat storage is hot water in most the cases. The main advantage
of latent heat storage compared to sensible heat storage is the lower mass and volume of material required
for storing the same amount of energy.

2.4.5 Chemical energy storage
Chemical storage systems involve the storage and release of thermal energy through reversible chemical
processes. For example, zeolites are microporous aluminosilicate, adsorbent minerals that can be deployed
to store thermal energy at high temperatures, which can later be recovered when water is added to the mineral. When heat is applied to the zeolite, the process is reversed and the water is released. Hence, zeo-lites
can be used for process heat storage. Indirectly they can be used for electricity storage when being combined
with an electricity and heat cogeneration unit for instance.

2.4.6 Compressed air energy storage
Compressed air energy storage (CAES) consists of compressing air with electric compressors (charging) and
releasing the compressed air via a turbine (discharging). The discharge can be combined with natural gas or
biogas combustion in a turbine. The compressed air replaces air compressed by the turbine itself, thus reducing the amount of gaseous fuel needed for a certain electric power output. A disadvantage of CAES is the
energy loss in form of heat that is generated during the compression without being available for re-expansion
if it is not stored.
The concept of adiabatic compressed air energy storage (ACAES) includes the storage of the heat released by
the compressed air in the charging phase and its use for heating up the expanding air in the discharge phase.
However, no ACAES systems have been commercialised so far due to cost and heat storage challenges.

2.4.7 Flywheels
Flywheels are rotating mechanical devices that store kinetic energy. They release the energy by applying
torque to a mechanical load. Contemporary flywheels consist of a carbon-fibre composite rotor suspended by
magnetic bearings. Rotors spin at 20,000 to over 50,000 rpm (rotations per minute) in a vacuum shell to reduce
friction. Such flywheels nevertheless still have high losses of 0.1-10 % per hour. Today that limits the use of
flywheels for long-term storage.

2.4.8 Biogas digesters and storage
tanks
Biogas tanks in combination with an enclosed
pressure vessel, a digester and a combined heat
and power unit form a complete biogas energy
plant. Most available models feature a stiff steel
or concrete ring and a flexible cover.
Biogas is essentially a mixture of methane and
CO2 – similar to natural gas. It can be stored at
atmospheric or higher pressure in suitable recipients before further conversion into other forms
of energy. These might be tanks, which are installed close to the digester and close to the facilities, which make use of the biogas for electricity and/or heat generation, e.g. a combined
heat and power plant (CHP), a motor-generator
without heat use, a biogas burner for cooking, a

Example				
Combining a grid extension with
storage options for biogas in Burgenland
In Burgenland, located in the very eastern part of Austria, 4
biogas plants supply a district heating grid, where heat is transported directly to the customers’ households. However, many
housing areas are too spread out and cannot be connected to
this grid, due to distribution losses. This pilot project investigates the possibilities of establishing a biogas grid connected
to these households, where the gas can be converted to heat
with specially adopted heaters. To stabilize the grid and guarantee security of supply, storage will also be needed. As biogas offers favourable storage characteristics, these are good
conditions for environmentally friendly, comfortable and reliable heat supply. The pilot project also includes the evaluation of
storages for bio-methane that is used as fuel for gas-vehicles.
For further information, view the Case Study “Implementation of a local biogas grid” on the AlpStore Website.
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hot water boiler or a room heating device.
Larger local biogas storage is an option if the local consumption of biogas is widely not in pattern with the
production. In addition, it is a suitable option if the alternative of up-grading the biogas to natural gas quality
(“bio-methane“) is not suitable because the biogas plant is not situated in the vicinity of the existing natural gas
grid or is not big enough to allow for economically viable up-grading. Larger biogas buffer storages permit for
instance to operate a CHP more flexibly with stronger electricity and/or heat output variations.
Biogas can be up-graded to bio-methane through almost complete removal of all other gases than CH4, notably removal of CO2. So called Bio-methane can then be used in the existing natural gas grid and gas storage
after pressurising and injection into the grid. This option is the most suitable one if the local produc-tion of
biogas is much higher than the amount of biogas that can be used locally for electricity and/or heat production.
In such a case of a rather large biogas plant, it is often also possible and economically viable to install a new
biogas pipe to the existing natural gas grid even if the latter is some distance away.
If the biogas is used to fuel a CHP, a heat store is usually installed for buffering differences between the heat
generation and demand. If the CHP is run in the electricity-led mode and the electricity production is strongly
fluctuating, e.g. because the CHP produces balancing energy to stabilise the grid, not only a larger biogas
buffer store, but perhaps also a larger heat buffer store may be required. An alternative to enlarging the heat
buffer store is decoupling and varying the ratio of electricity and heat production. However this leads to a lower
overall CO2 reduction because the electricity production per unit of biogas is no longer maximised and renewable heat avoids less CO2 than renewable electricity.

2.4.9 Power-to-Gas
A massive gas grid for natural gas supply links large areas of European countries and regions. This system
could be used for the storage and transportation of substitute natural gas or synthetic natural gas (SNG), i. e.
methane created from biogas (see chap. 2.4.8) or excess wind or other renewable power.
Power-to-gas (P2G) is a process that uses electrical power, water and carbon dioxide to produce methane.
In a first step the process creates hydrogen (H2). Methane is created by adding CO2 to the H2. If hydrogen is
directly used as storage medium and not converted to SNG, one energy conversion step can be omitted and
related energy losses can be avoided. However, only limited amounts of hydrogen (in Germany up to 5 %)
can be fed into the existing natural gas grid or added to natural gas that is used as vehicle fuel. Establishing
a specific grid and storage infrastructure for
Example				
hydrogen today seems to be out of scope.
The strongest advantage of SNG compared
to hydrogen however is, that it easily fits with
the existing norms for natural gas relevant for
fuelling vehicles and for transport and storage
within the existing natural gas infrastructure. As
the energy transfer capacities of gas pipelines
are an order of magnitude larger than electrical
power lines, the conversion of electrical energy
into chemical energy in form of SNG further
allows for energy storage, but also for much
more efficient energy transport.
The P2G technology is at present the only
pathway that allows seasonal storage of major
amounts of energy.

2.4.10 Cryogenic energy storage
In the cryogenic energy storage (CES) concept
electricity is used to liquefy a gas (e.g. air or

Exploring the use of hydrogen
as storage in Belfort
“Power2Gas” is a key expression when it comes to renewable
energy production options, The pilot project in Belfort, located
close to the French-German-Swiss border in France, explored
“Power2Gas” which implies using surplus power from the grid to
produce hydrogen (H2) and oxygen (O2) from water. Both gases
can be stored easily in tanks. Using a fuel cell, O2 and H2 can
then be converted back into energy– a clean and efficient process. One way to make use of this storage option lays in the
“vehicle2grid” concept: Fuel-cell equipped cars serve as small
scale storages capable of providing or using energy with a short
response time – ideal to manage peak shaving and valley filling.
In Belfort, communication software was developed to test the
technological and economic aspects of these options as well as
testing different modes for the electrolysis.
For further information, view the Case Study “Gas and Power”
on the AlpStore Website.
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nitrogen) which can be stored in insulated steel tanks under ambient pressure at low loss rates of about 5 %
per 100 days. For discharging, the liquefied air is expanded with ambient or waste heat and drives a set of
turbines oper-ating at different pressures, driving an electricity generator. The total CES cycle efficiency is
predicted to range between 40 % and more than 90 % depending on the exact configuration/temperature of
waste heat used.

2.5

Alternative options

2.5.1 Generation management
Generation management is the most commonly used way to deal with the fluctuating electricity demand. In
the conventional electricity supply system, generation management is cascaded and a distinction is made
between continuously running plants (base load plants), plants more or less continuously running for several
hours (medium load plants) and plants whose power output can be quickly changed within a few minutes
(peak load plants). Below the scale of a few minutes, generation management is complemented by short-term
storage in the conventional electricity supply system, essentially by spinning reserve of large power plants.
Contrary to most conventional power plants, the output of most RE power plants can be easily varied. The
output of geothermal power plants can be varied by modifying the pumping rate for the hydrothermal water
or the injected water. Biogas plants can be controlled in the same way as gas power plants at least for short
periods. If the power output is strongly fluctuating, provisions must be provided for intermediate storage of the
produced biogas. Hence, all these plants are peak load plants. They are nevertheless operated essentially as
base load plants in order to ensure a better profitability.
In the case of the fluctuating RE, i. e. wind and solar PV, the regulation of the power output is extremely easy
and can be done within fractions of seconds, even more quickly than in the case of gas power plants. However, the limitation of the power output is usually avoided because the marginal costs of the electricity generated
in wind and PV power plants are zero. Generation management is nevertheless applied in order to deal with
grid bottlenecks and it can be seen as an alternative to electricity storage or grid extension and reinforcement.

2.5.2 Demand Side Management
Demand Side Management (DSM) denotes measures serving to modify the final energy consumption. The
overarching aim of DSM is to even out the residual load curve, i. e. the power demand that cannot be pro-vided
by renewable energies. The adopted measures can facilitate new options to control energy in order to stabilize
the grid, to smooth the daily load curves to enable a steady capacity utilization in power plants – conventional
and virtual alike -, and to reduce the peak load to lower capacity credit in general. DSM gener-ally helps to make
electricity consumption, and therefore the whole energy system, more flexible and can serve as a transition-tool
when it comes to adapting consumption to fluctuating, renewable generation in particular.
One target is to achieve energy saving in general. Via smart metering systems and feedback devices the consumers are equipped with the necessary information to detect “power guzzlers” and are thereby en-abled to
develop a general awareness for energy consumption that leads them to conserve electricity. Feedback instruments come in a variety of forms: They can be an app for a smartphone or a tablet-PC, they can be a display,
distinct from other devices or incorporated into an energy management gateway. They render information on
e.g. the share of renewable energies being produced in the region or on real-time prices for electricity. For
example, when a high price for energy is set during a time with a load peak and the customer is informed, the
feedback instruments serve to incentivize load shifts on a daily basis or at critical times. DSM can be implemented via automated control devices together with variable tariffs.

2.5.3 Grid expansion and reinforcement
Mostly the addition of renewable generation capacity takes place in the distribution grid at medium voltage
and low voltage level, especially with decentralised wind power and photovoltaic systems. Issues of voltage
stability, the ratio of active and reactive power and the occurrence of reversed load flows from distribution to
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upstream grid levels are big challenges for the grids and their operators. Grid extension and reinforce-ment
are presently the main measures to deal with these changing needs. Storage technologies and alter-native
ways can diminish grid expansions but not completely prevent them. The more storage systems can be operated in the framework of Virtual Power Systems in a way so to serve the needs of grid operation the more they
can contribute to managing the smart energy system.

2.5.4 Comparison of storage and other options
At this stage, only first results of modelling the existing and potential future electricity supply system can be
discussed. Only few models investigate the whole range of options for matching electricity generation and
demand in place and time, the whole spectrum of generation and storage technologies, and the existing grid.
For instance, a multi-criteria analysis has been performed by the Wuppertal Institute for Climate Environ-ment
and Energy to identify the most appropriate alternative solutions to limiting wind power generation in case
of lacking electric grid capacity. Economic, ecologic, political/ social and technological criteria have been
considered and different weighting sets were applied to test the robustness of the results. The out-come is
that, within the time-horizon of 2020, dynamic thermal rating of overhead transmission lines, addi-tional DC
underground cables and adiabatic CAES are the most suitable options to deal with excess power production
from wind energy converters. Storage technologies, except adiabatic CAES, are considered less suitable
than limiting the wind power generation.
From the assessment of storage technologies given above, it becomes clear that the multi-criteria analysis is
far from being complete. Notably, the role attributed to CAES is surprising, when recalling that only two plants
exist worldwide at the moment. The potential role
of more flexible biogas plants, hydrogen and SNG, Example				
cryogenic storage, electric demand-driven CHP,
Tackling hot-spot charging
DSM etc. however is not sufficiently reflected.
At local level, the integration of PV plants in the
low voltage distribution grid is increasingly gaining
impor-tance. The main solution discussed for better integrating a very high PV generation power in
the low voltage grid are battery storage.
The effect of equipping decentralised PV systems
with battery storages has been evaluated in a
study conducted by the Fraunhofer-Institut für Solare Energiesysteme (FhG-ISE) in Freiburg for a
low-voltage rural and a suburban grid. The study
distinguishes conventional and grid-optimised
storage operation. In the former mode the battery
is charged whenever available electricity is not
used and the battery is not fully charged. In the latter mode which is the object of the investigations
conducted in the study, the battery is charged and
discharged in such a way that the electric grid is
efficiently stabilised.

demand with innovative
storages in Vorarlberg

The more electric vehicles, the higher the demand at certain “hotspots” to charge them will be in the future – for
example at shopping centres or parking garages of companies. This pilot project tested how a “smart” storage system can close exactly this gap to avoid constraints on the
local grid. A PV system on the roof of a parking garage
(=electricity supply) is connected to several charging stations (=electricity demand) using an innovative new battery
system: This battery is based on a technique called embroidery – it is manufactured in a process similar to sewing
to connect different strands of material. This special technique is used to increase both power and energy density of
the battery at the same time – two important factors when
it comes to dealing with such new hotspots.
For further information, view the Case Study “EVective
Storage” on the AlpStore Website.

2.5.5 The integration of sustainable mobility, energy storage systems and intelligent
grids
Vehicle to Grid (V2G) means that electric vehicles are used as energy storage in a smart grid. In this concept,
the battery of an e-car is charged when the price is low (for example at night) or an overproduction of electricity takes place (e. g. at high noon from PV). In contrast, the energy from the batteries is fed back into the grid,
when the price for electricity is high or the offer of electrical energy cannot satisfy the demand.
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Uncontrolled charging can quickly lead to a number of problems for the user of an e-car and for
the power grid. If several e-cars are being loaded
at the same time in the same local grid, this grid
may soon reach its limits. The immediate charging
of a heated up battery under full load can affect
the durability of the battery. The effects depend on
charging modes (as shown in Table 2).
Maintaining grid stability is one of the main reasons for intelligent charging. Field studies have
shown that customers often charge their e-cars at
the end of their working day. At these times, power
grids are stressed anyway. The risk of overloading local grids can be easily avoided by controlled
charging. In most application scenarios, it is not
necessary to charge the e-car immediately with
maximum power. Often the charging proc-ess can
be distributed over the whole night. If future smart
grids with dynamic electricity prices become reality, even a shift of charging to periods of low electricity prices (e. g. temporarily over-production by
wind power) is conceivable.

Example				
Planning a mobile storage
fleet in Alsace
In the area of Straßbourg, this pilot project set up a plan for an
optimal storage and charging pattern intended for an entire
fleet of individual mobile storages in EVs. With the help of a
self-developed mobile app, travel data of (poten-tial) 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.

Today, the conventional charging at a public charging station does not provide a way for automatically billed
charging. Due to all these disadvantages automotive industry, manufactures of charging stations and grid operators work on concepts for “Smart Charging”, where the charging station communicates with the charging
control device of the electric vehicle.
The basic requirement for smart charging is a communication link between the car and the charging station.
Therefore, a bidirectional communication is important. Neither grid nor car can control the charging process.
Only through a “negotiation” of the optimum parameters, the optimal charging curve can be calculated.
Table 2, Different types of charging modes
voltage

current

power

charging
time

port

use

mode 1

230 V/ 1 phase

16 A

3,6 kW

3,8 h

Schuko-socket

private

mode 2

400 V/3 phases

32 A

22 kW

0,6 h

CEE-socket

private

mode 3

400 V/3 phases

63 A

44 kW

0,3 h

securely connected

private/public

mode 4

400 V DC

150 A

60 kW

0,2 h

securely connected

public

2.6

EU Framework

The EU follows a Strategic Energy Technology (SET) Plan. It is the principal decision-making support tool for
European energy policy. The SET-Plan has two major timelines: For 2020, it provides a framework to accelerate the development and deployment of cost-effective low carbon technologies. For 2050, it is targeted at
limiting climate change to a global temperature rise of no more than 2°C.
Considering the growth of the European energy market, the cooperation of the European Transmission System Operators (TSOs) and the European regulators is of major importance. 2011, the association of Euro-
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pean TSOs ENTSO-E started its work. The ENTSO-E has the task to develop and to publish a unified grid
development plan every two years. Within this plan, the requirements for grid expansion are calculated for
a period of ten years. Major points are the expansion of cross-border transmission lines and removing bottlenecks in the transmission grid.
The association of European Distribution System Operators for Smart Grids (EDSO) is gathering 30 Distribution System Operators from 17 EU countries, covering 70% of the EU points of electricity supply, cooperating
to bring Smart Grids from vision to reality. The association is committed to promote the reliability, the optimal
management and the technical development of the electricity distribution grids while reaching the European
targets of energy efficiency, reduction of greenhouse gas emissions, and higher share of renewable energy
sources.
EDSO and ENTSO-E together with other institutions form the European Energy Grid Initiative (EEGI). EEGI
has published a roadmap for smart grids which now has been adopted and extended in the framework of the
SET Plan Integrated Roadmap for “Developing Integrated Infrastructures and Processes” (to come into force
in 2015).

2.7

National Frameworks

Across Europe, all countries are intensively involved in researching new storage technologies as well as
options for integrated storage systems. Naturally, there are a row of different legal frameworks and funding
programmes in the different states. Nevertheless, many countries work together closely and cooperate in
their research incentives. Within the AlpStore project, these frameworks have been analysed and important
information has been put together. Detailed elaborations and reports can be found on the AlpStore Website
and in the White Book, which has been published as part of the AlpStore project.

3

Frequently asked questions

The transition to a new energy system based on mostly renewable energies is a long term challenge. Decision makers in local and regional authorities are faced with questions from their local society, environmental
groups, energy and mobility utilities, planning departments and many other stakeholders. Talking to experts
one would often get an answers like “Yes, but …”. Storage investments of today may often pay long term
only and only if there will be a favourable legal framework for an energy transition. The STORM concept as
described in chapter 4 guides decision makers through the next few years and outlines “no regret measures”.
Decisions on new energy, mobility and storage options are often under dispute. Be it the anxiety of insufficient energy supply, concerns about negative impacts on landscape and environment or the fear to lose money with the wrong investment: decision makers should have reliable answers on hand for their clients. The
following list of questions and answers has been derived from the experience of the AlpStore partners during
their pilot activities. For more questions and answers check the knowledge forum on www.alpstore.info.

3.1

Storage needs and options

Do we need storage for using renewable energies?
First of all, every electricity supply system needs storage to match generation with demand, also conventional systems. The larger the share of inflexible power stations in a generation mix, the larger the need for
storage. For instance, the French power supply system relies very strongly on inflexible nuclear power stations. As a result, a huge very flexible hydropower generation capacity is needed to match the overall French
electricity generation to the demand. In other countries, the required flexibility is provided by highly flexible
gas power stations, and in all countries, the rotating masses of conventional power stations provide shortterm storage of electricity in form of rotational energy.
Renewable power generation is often fluctuating but it is also very flexible. The power output of photovoltaic
and wind power stations can be controlled easily and can be changed automatically within seconds – but
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only between zero and the respective instantaneous maximum which depends on solar insolation and wind
speed. As long as the installed renewable power generation capacity is not strongly oversized and only little
use is made of this flexibility, higher shares of renewable electricity generation increase the need for storage
compared to conventional power supply systems.
The amount of storage needed in mainly renewable energy systems has been evaluated in a number of model calculations. The results converge to the following conclusion: if electric grids are given more intelli-gence
(measurement devices and automated control), and if generation and demand are made more flexi-ble, storage will not be needed until about half of the electricity is provided by renewable sources, even if the major
part of this is provided by wind and photovoltaic power plants with highly volatile power output. Long-term
(seasonal) storage will even not be required until the renewable share has reached 80 %. How-ever, bottlenecks already appear locally in distribution grids which storage might help to overcome.

Do we rather need short-term or long-term storage?
Existing studies come to the conclusion that once 80% and more electricity is generated from renewable
sources, the need for long-term storage will strongly exceed that for short-term storage. The required capacity of long-term storage in a fully volatile electricity supply system which is based on photovoltaic and wind
power generation has been estimated to be only about 10% of the annual electricity demand if photo-voltaic
and wind power plants are appropriately spread all over Europe, North Africa and the Middle East, and strong
electric transmission grids are built. The weaker the transmission grids the higher the need for long-term
storage.

Since storing always creates losses: does it make sense at all?
The larger the losses are the less storage makes sense and the more alternative solutions pay back. The
latter comprise generation management, including non-use of a part of the available wind and photovoltaic
power, demand-side management and balancing of generation and demand over long distances via electric
grids. However, even if losses are significant, , some level of storage of renewable energies is always able to
generate benefits for the system.

Can pumped hydropower stations meet long-term storage needs?
In principle yes, because the self-discharge is very low (0-0,5% per day). Energy losses appear only when
the water is pumped up and when it falls down and drives turbines, but not when it is simply stored in the
higher reservoir. However, there are not sufficient
suitable sites for pumped hydropower stations Example				
to meet the expected long-term energy storage Increasing energy-self-sufficiency
need in electricity supply systems with more than in Oberallgäu
80% renewable share.
plus

To what extent can batteries foster local
energy autarky?
In principle, batteries can provide full local electricity autarky. This happens in the case of offgrid electricity supply. Typical examples are ticket
vending machines, traffic signals, alpine huts or
telecommunication repeater stations that are fully supplied by photovoltaic systems with battery
storage. For these applications, the extension of
the electric grid is often more expensive than a
battery system.
Achieving energy autarky in buildings with photovoltaic systems and batteries is difficult in Eu-

Within the pilot project PVStore home in the Oberallgäu in
southern Bavaria, six homes that already generate energy
with a photovoltaic system were equipped with small-scale
in-house storage systems to investigate how different storage
types can influence the degree of self-consumption and selfsufficiency. Electricity produced by the PV system is stored
rather than being fed into the grid – and can be used at a later
point of time to cover energy needs before having to draw
electricity from the grid, even if the sun isn’t shining and the
PV system cannot produce energy. One of the households
was able to cover 60% of its electricity needs alone with the
energy generated by the PV system and the storage – contributing to a higher degree of energy self-sufficiency.
For further information, view the Case Study “PVStoreplus
home” on the AlpStore Website.
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rope, in particular at higher latitudes, because the solar energy yield is much lower in winter than in summer
and huge photovoltaic generators and/or batteries would be needed to ensure full autarky. Further, batteries
are not a good long-term energy store because they pay back only if being used for many charging cycles.
In the case of villages or regions where different renewable energy sources can be combined, ideally with a
high share of biogas, energy autarky can be achieved more easily than in single buildings and makes more
sense. However, the costs of full autarky should be carefully compared to solutions including a connection
to the electric and/or gas grid, and the use of batteries should be evaluated against other storage options, in
particular power-to-gas, if full autarky is chosen.

Is power-to-heat an appropriate solution for the near future?
Power-to-heat (PtH) denotes the use of surplus electricity for heat generation in the present debate, not simply electric heating. “Surplus” means that the power output of wind or photovoltaic generators would need
to be limited below the possible instantaneous maximum power if no other use can locally be made of the
total available renewable electricity, e.g. in the case of strong wind or solar radiation while the demand is low.
Then, the use of the otherwise not needed electricity for heat generation makes sense.
PtH is an appropriate solution for the near future, because (1) it happens more and more often that full use
of the available wind and photovoltaic power cannot be used locally due to grid restrictions, (2) heat can be
stored more easily and at lower cost than electricity, and (3) the conversion of electric power into heat can be
done with cheap standard water boiler technology. The heater might be a simple heating coil installed in the
hot water tank.
Even if no local grid restrictions exist, PtH might be an appropriate option which pays back for the operator
of a wind or photovoltaic power plant. This is the case if the costs of heat supply are higher than the feed-in
tariff obtained for the electricity. At present, the costs of heat generated by natural gas or oil-fired burners and
the feed-in tariffs for wind and photovoltaic electricity have approximately achieved parity at a level of about
8 ct/kWh in Germany. While the costs of heat from conventional sources tend to increase, the costs of wind
and photovoltaic power continue to decrease. Hence, it makes sense to use the latter for heat gen-eration.
Taking available roof and facade surfaces for photovoltaic and solar collector installations into account, it
is often recommendable to install solar collectors for
heat generation because they convert sunlight into
heat much more efficiently than photovoltaic panels
convert sunlight into electricity, thus making better use
of available building surfaces.

What could reasons be to deploy storage today?
In 2015, reasons for deployment of storage can be
among others …
for users:
• increased supply security
• more cost effective electricity supply, e.g. in the
case of off-grid supply or if effective electricity costs
of self-supply from renewables including storage
are below electricity purchase tariffs
• cutting power peaks, thus saving electricity purchase costs
for electric grid operators:

Example				
Using storage to stabilize
the grid in Legnano
The pilot project T.E.A.M. (TechnoCity Energy Area
Man-ager) in Legnano, about 50km from Milan, included the management of a business and science campus
as a intelligent energy cell – combining local generation
with stationary batteries and suited software to optimize
the energy ecosystem. Based on an already in place
Virtual Power System (VPS), which virtually coordinates
the energy demand and production of smaller units, a
new ICT system has been put into place to use the storages to be able to stabilize the main grid by offering ancillary services. With an increasing renewables penetration, this role of storage takes on greater significance.
In addition, user-friendly charging stations for electric
vehicles make it possible for end-users to understand
and get a feel for the current state of the energy system
– whether a surplus or deficit of production is currently
in place.
For further information, view the Case Study “TechnoCity Energy Area Manager” on the AlpStore Website.
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• stabilization of electric grid (control of voltage, frequency and reactive power)
• postponement of grid reinforcements and deferral of grid investments
• obtaining experience with new storage technology

Can storage systems help to optimize the energy management in buildings?
Yes, they can. Basically, storage systems have two roles in buildings: (1) ensuring security of supply for devices with high requirements on reliable availability, e.g. in hospitals, and (2) cutting expensive power peaks.
Today, mainly multi-storey houses with many flats can economically benefit from local production of electricity
(PV, CHP) and big battery storages.

3.2

Readiness of technology

Which technologies are mature and cost-effective?
Many important storage technologies, including
lithium-ion batteries and power-to-gas (P2G),
are at technology readiness level (TRL) 8, which
means “actual system completed and qualified
through test and demonstration”. Some others
such as pumped hydropower and lead-acid batteries are even at the highest level of technical
maturity, TRL 9 (actual system proven through
successful mission operations) and almost all
are at least at TRL 6 (system/ subsystem model
or prototype demonstration in a relevant environment). Among the least mature technologies at
TRL 6 are redox-flow batteries and compressed
air storage. (for an overview see Fig. 4 )
Among all mature storage technologies, sensible
heat storages, e.g. hot water tanks, have the lowest cost. They can notably be used in the context
of combined heat and power (CHP) generation.
The use of lead-acid and lithium-ion batteries is
cost-effective for off-grid electricity supply and
very often for self-supply, notably in combination
with photovoltaic roof-top systems on buildings
with a considerable electricity demand during
daytime.

Example				
Power to Heat Grafing
In the city of Grafing in the Bavarian district Ebers-berg a local
energy supplier and grid operator installed huge water tanks
to optimize management of power and heat. In the future the
heat tanks shall be able to store surplus energy from the biogas-plant and a potential wind-turbine.

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

What is the price perspective of batteries?
Apart from lead-acid batteries, further significant cost decrease is expected for all battery technologies. Lithium-ion batteries have experienced a price decrease of 20% each time the cumulated produced battery capacity has doubled in the last 20-30 years. If this is extrapolated to the future and a photovoltaic system with
a lithium-ion battery is considered, the additional cost per kWh due to lithium-ion battery storage will be 10 ct/
kWh in 2020 and 5 ct/kWh in 2030.

To what extent can biogas meet the regional energy demand?
Biogas can contribute a few percent of the electricity and heat needed to meet the overall demand of the
Alpine Space. Locally, the contribution can be significantly higher. When equipped with gas and heat storage, biogas plants can operate in an electricity demand-driven mode, thus considerably reducing the need
for storage in the electricity system.
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When will be power-to-gas an option?
In the long run, the need for long-term storage will be much larger than for short-term storage. For the latter,
many alternatives exist, for the former they are missing. Power-to-gas (P2G), i.e. the production of hydrogen
and methane by using surplus electricity and storage of these gases in existing natural gas storages, is at
present the only option for long-term storage of larger amounts of energy. The already existing natural gas
storages in Germany can store enough gas to cover the electricity demand of several months with gas power
stations. The situation is similar in most countries. P2G is at TRL 8, actual system completed and qualified
through test and demonstration, which means that the first industrial P2G-plants are operating. However, the
conversion efficiency is low and the costs are high compared to other storage technologies.
For the production of methane by P2G, carbon-dioxide (CO2) is needed. It can be taken from the air, but using
CO2-rich sources like biogas or exhaust gas from cement burning reduces costs. For this reason, P2G-plants
should ideally be set up at sites where sufficient quantities of concentrated CO2 are available.
P2G is already an option, in particular in the following contexts:
• Large biogas plants where P2G provides the up-grading of biogas for injection into the gas grid.
• Areas where the generation from photovoltaic or wind power plants frequently leads, or is expected to
lead to longer lasting grid congestion in the near future, and grid extension would be very costly.
• Chemical industry plants with a need for hydrogen.

Could flywheels provide new options for medium and long-term storage?
Flywheels, even with magnetic bearings that have extremely low friction losses, are the storage option with
the highest self-discharge. The latter can even reach 100% per day, i.e. the store might be empty the day
after having been charged without any use being made out of the stored energy. For this reason, flywheels
are the last option to be considered for medium and long-term storage. However, flywheels are very suitable
storages if electricity is to be stored for fractions of seconds up to minutes. They can be used among others
in the mobility sector to recover when a vehicle brakes.

3.3

Mobility and storage

Are fully electric and hybrid vehicles a
smart option for sustainable mobility?
Electric drives are 3-4 times more efficient than
combustion engines. If they are supplied with
electricity from renewable sources, they provide
a significant step towards sustainability. Besides
saving energy, they reduce noise and pollutant
emissions into the atmosphere. Hybrid vehicles
have the same advantages, but to a lesser extent.
While they are a feasible step towards full electric
and renewable mobility they are of limited use for
buffering in smart grids.
Electric vehicles themselves are not a smart technology, but they provide an element of smart energy sys-tems. If the batteries of electric vehicles
are connected to the electric grid in times of nonuse and if the charging processes are controlled
appropriately, they can provide short-term storage
in the electricity sup-ply system. (see chap. 2.5.5)

Example				
Renewable energy storage
for mobility in Mantova
In Mantova in northern Italy, a mobile storage was added
to a local electric vehicle charging station to test its integration into a renewable virtual power system (VPS). Here, the
VPS consists of a biogas and PV plant as producers and
the charging station as the main electricity consumer. Using
modern data loggers and modem routers, information about
the state of the storage and availability of charging options
is visualized. In addition to obtaining valuable information
about the use and sizing of storage for such an application, this pilot project was able to demonstrate how smart
management of storages and energy can be combined with
existing infrastructure – the grid that links the street lighting
serves as data link for the energy smart grid as well.
For further information, view the Case Study “RESM in Mantova” on the AlpStore Website.

Which actions will drive the take up of an electric mobility plan?
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Electric mobility is best be introduced first in vehicle fleets such as firm and institutional fleetsmunicipal buses,
taxis or commercial vehicles which drive over short distances and come back to the same point within a short
time interval. To foster the use of electric vehicles by individual users, a number of measures can be considered, in particular advantages offered such as free parking at electric vehicle charging stations or restricting
roads or city areas to vehicles without combustion engines.

Will charging electric vehicles jeopardize grid stability and energy supply?
Not more or less than any household appliance. If many people open their fridge simultaneously at the beginning of the break of a football game shown on TV, this jeopardizes the grid stability, too, but such a situation
can be dealt with by normal grid operation routines. This holds true as long as fast charging is not deployed
on private sites and technology is deployed for controlled charging (see chap. 2.5.5).
In addition, charging electric vehicles can even stabilize the grid and energy supply if the time of charging
and the charging current are determined as a function of grid parameters. As passenger cars are only driven
one hour per day on average, there is larger scope to charge them sooner or later within the remaining 23
hours per day – quite in contrast with many other electricity consuming devices whose operation time are
less flexibly chosen.

Can batteries of electric vehicles be used to store excess power from wind and PV?
Yes, this is their main role in a predominantly renewable energy economy, besides providing energy for vehicle drives. However, even a fully electrical vehicle fleet can only store as much electricity as a country needs
in a few days. Hence, batteries of electric vehicles are short-term storages, not medium or long-term ones.

Are there long-term sustainable alternatives to electric mobility?
A long-term sustainable alternative to electric mobility are synthetic fuels produced by power-to-gas (P2G)
or power-to-liquid (PtL) processes from water and carbon-dioxide (CO2) using electricity from renewable
sources (see chap. 2.4.9). Such fuels can be used in combustion engines replacing kerosene or diesel fuel.
For the aviation sector, kerosene from PtL is a much more suitable option than electric drives. Synthetic fuels can be stored much simpler than electricity and avoid the problem of limited range, but the overall costs
and impacts of electric mobility are much lower than of mobility making use of renewable synthetic fuels in
combustion engines.

3.4

Environmental impacts

Is there a recycling option for batteries?
Yes, the main materials of a battery can be recycled and recycling systems have been established.

Will there be enough natural resources to
build batteries?
Yes, in particular if batteries are recycled. The
question rises notably with regard to lithium
whose use in batteries is about to tremendously
increase the quantity of lithium needed. However,
recent studies have shown that enough lithium
exists to cover the need for lithium even when it
comes to a widespread use of lithium-ion batteries. With the advent of redox flow batteries less
lithium will be needed.

Can batteries receive a second life?

Example				
2nd life e-bike-battery storage
in Oberstdorf
By combining 16 2nd life e-bike batteries to one stationary storage for a small Alpine hut located on the Buchrainer Alpe, the
pilot project tested the use and performance of such second life
applications and their advantages for the hut owners as well as
possible benefits for e-bike tourism in the area. The combined
storage system offers 4 detachable e-bike batteries that can
be exchanged with empty e-bike-batteries, so that e-bike tourists continue their tour with a fully charged battery –promoting
climate-friendly tourism in the Alpine Space. At the same time,
the batteries store excess power produced by the installed PV
system and provide electricity to the hut in times of low or no
local power production – a special advantage since the hut is
not connected to the main grid and therefore relies completely
on its own production.
For further information, view the Case Study “PVStoreplus Ebike” on the AlpStore Website.
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No, but they can receive a second use once their
capacity has dropped below a value that is still
acceptable for the first use. For instance, lithiumion batteries whose capacity has dropped below
80% of the original value might no longer be used
in vehicles, but in stationary applications such as
buildings where the capacity-to-weight-ratio is
less important.

Does biogas storage smell and inadvertently hassle its neighbourhood?
Biogas production includes the removal of all malodorous components. Further, biogas plants are
very tight and do not allow significant amounts of
biogas to escape into the environment. If biogas
escapes and smells, this indicates a malfunction
of the biogas plant which can be resolved. More
frequently not the biogas, but the substrate which
is brought to the biogas plant site smells. It is
often stored in open, but covered storage areas
outside. Here, better handling and storage of the
substrate can strongly reduce the problem.

Example				
Storage serving multiple
goals in Aosta
This pilot project, connecting an electric vehicle (EV), a small
and medium-size enterprise (SME), the main grid and an
electrochemical storage served to test different user configurations and different aims of applying storage – and how well
these aims can be met. In a first test this so-called “smart
node” operated in such a way to maximize load levelling,
which means that the overall power load is kept very close
to a specific value to balance the grid. In the second test,
the IT component linking the other 4 compo-nents ran with
an operation algorithm to maximize self-consumption, hence
requiring the minimum supply from the grid. This test was
able to show that efficiently using storage reduces the need
for power from the grid, decreasing the dependency on the
grid. Thanks to its representative location at a SME, this project is exemplary for similar-sized enterprises, showing a high
potential for further implementations.
For further information, view the Case Study “Smart Node” on
the AlpStore Website.

Is there a danger for natural or biogas storage to explode?
The risk of a gas store to explode is very low if fundamental safety rules are observed by the operator. The
danger for biogas to explode is a bit less than for natural gas because biogas contains about 40% nonreactive carbon-dioxide (CO2).

3.5

Regional benefits

To what extent can renewable energies and local storage foster the economy in a region?
Renewable energy from local sources generally replaces energy which is produced and imported from outside the region. Thus value creation is relocated into the region, thereby increasing local economic activities,
employment and income. Local storage can further increase the use of renewable energy from local sources,
thus enhancing these positive economic effects.

How can local SME`s benefit from storage development and deployment?
Small and medium-size enterprises (SME) can benefit from storage development and deployment through
orders for installation and maintenance, and partially also for manufacturing and operation of storage components and systems. As energy users, SME can benefit from storage systems by using them for optimising
their energy purchase and by self-generation of electricity and heat.

Are there specific relations between energy storage and tourism?
Renewable energy installations can be very attractive for tourists if they have some outstanding features or if
they allow to get good insight into a new technology, for instance by instructive visualisation and explanation.
Forerunner communities of the energy transition such as Güssing in Austria or Morbach in Germany achieve a
significant income from tourism related to their renewable energy installations. The AlpStore project “PVStoreplus
E-bike” was supported by the tourism organization of Oberstdorf who believe that such technologies foster
the sustainability of their offerings. The renowned German travel guide publisher Bae-deker has even published
a guide specifically dedicated to renewable energy installations. Energy storage is a new topic and communities using and presenting storage technology to visitors have good chances to become touristic attractions.
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Which links exist between energy storage
and health?
Storage can help reduce local fossil energy use
and thus reduce local pollutions. In particular, the
use of electric vehicles reduces local pollutant
emissions into the air and noise. Both are beneficial for the health and well-being of inhabitants
and visitors of the region.

3.6

Decision process

How can we change the framework conditions on a local or regional level?
The framework conditions are mainly set by national governments and the European Union.
Nevertheless, local and regional decision makers can promote the use of renewable energy
and storage through a number of measures, thus
achieving much-above-average usage rates:
• Use of renewable energy and storage in
municipal and regional buildings and facilities
• Use of renewables and storage by utilities
owned by the municipality or region

Example				
Storage mobilizing the entire
province of Brescia
Countering the so-called “range anxiety”, which describes the
fear of not being able to find an e-charging station on time,
was the aim of the pilot project in Brescia, located about
100km east of Milan. Two maps have been developed that
establish the optimal architecture of a network of charging stations combined with renewable energy production and storage systems. To turn these plans into actions, this pilot project
also resulted in key actions that public administrative bodies,
at different levels, should undertake to guide these kinds of
projects. The suggestions want to facilitate the devel-opment
of the charging station infrastructure, the pro-motion of use
of electric vehicles (EV) in the fleets, public and private, and  
at pushing forward for a rapid harmonization of regulations
on installations ata European level. The innovative methodology and the business plan for the implementation of the pilot
project show how and where public authorities can take the
right steps to mobilize regions and make use of storage on a
regional level.
For further information, view the Case Study “Energy in Motion” on the AlpStore Website.

• Appropriate planning policy
• Pro-active and encouraging accompaniment of potential investors
• Information and communication on renewables and storage towards citizens
For more information see the STORM concept described in chap. 4.

Can a self-sufficient regional energy system be implemented without subsidies?
Yes, it can. Citizen involvement is a better solution compared to subsidies. A self-sufficient regional energy
system essentially has investment costs and very little operating costs. For this reason, the expected return
on investment strongly 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. The county of Berchtesgaden, who supported the
AlpStore project as a funding partner, implements a so called Regional Energy Efficiency Cooperative to
foster their regional energy transition. And AlpStore partner Güssing is proud to be able to implement their
storage plans without public funds.

3.7

Communication aspects

How can I motivate fellow politicians to support the local energy transition?
The core message to communicate is: The energy transition fosters the local economy, advertises for the
region, improves the energy supply security, and lowers costs of energy for the region at least in the mid-term
temporal horizon.

How can we make energy storage attractive for energy suppliers and grid operators?
The core message to communicate is: Investments in energy storage make the company fit for the energy
supply system of the future. It might even right now save costs in other investments which can be avoided by
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storage, for instance grid reinforcements or new
transformer stations.

What are means to make consumers interested in storage technologies?
The core message to communicate is: Self-supply with renewable electricity maximised by storage saves electricity purchase costs and increases the supply security.

Where do I find latest information on storage topics?
The latest comprehensive technical book on storage technology, entitled “Energiespeicher – Bedarf, Technologien, Integration” has been published in German in November 2014 by Michael
Sterner and Ingo Stadler at Springer/Vieweg. Latest information in the internet is provided among
others by the German Energy Storage Association
(BVES), www.bves.de, in German and English.

4

The STORM Concept

4.1

The purpose of STORM

Example				
The citizen’s point of view in Grafing
Involving local inhabitants is a key factor for renewable storage options. In Grafing, about 40km east of Munich, an online survey assessed how locals view different aspects of renewable energy, including storage. The results show that the
majority of the participants have a positive attitude towards
the energy transition and would be willing to install storage
if it proves to be financially feasible or if makes energy selfsufficiency possible. Positive attitudes were also detected for
a larger storage in the municipality, if it does not strain the
environment or landscape, or influence 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.

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 Strategic Energy Action Plans (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 generation 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 transmission 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 Manage- source: Covenant of Mayors
ment and generation side management
Fig. 5 The Continuous Improvement Process of SEAP
• Connect short term and long term
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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 have a relevant influence on the discussion and decision processes.

4.2

STORM Workflow

As stated above, STORM relies on the results of a regional SEAP and takes them further. The general workflow comprises four 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
The more ambitious a region will be to achieve self-supply the more likely it will need a comprehensive storage 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 penetration of grids with fluctuating generation (below 40 %) in most
cases means of generation and demand side control will be suffiinvestigate future regional generation
and consumption patterns
cient to maintain stability of the system, with higher penetration the
need for storage will quickly increase.
As described in chapter 2.4 there is quite a choice of storage technologies with a big variety of character-istics. 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 technical 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

investigate storage needs and assess
regional storage potential

create a master plan for RES use and
storage until 2030

develop a pilot installation to start
implementation of master plan
source: B.A.U.M.

Fig. 6
The STORM step-bystep approach to a holistic regional
energy transition
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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
• 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 implementation 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. 4.3). Many of
such measure have been proven feasible in the pilot implementations of the
AlpStore partners.

4.3

source: David Ionut/Shutterstock.com

Fig. 7
Climbing
a
mountain always starts with
the first step

Short-term non-regret options for Alpine regions

While the STORM concept addresses middle and long-term aspects as well, the following paragraphs describe short-term “non-regret” measures that key players in the Alpine Space can take.

4.3.1 Recommendations for Local and Regional Authorities
• Go ahead and invest in renewable energies and energy saving in own buildings and facilities.
• Provide guidance to the regional development by establishing jointly with interested citizens and relevant regional players an integrated regional energy development plan based on a thorough assessment

28

Smart Storage and Mobility

Guidelines for Regional Decision Makers

of local/ regional renewable energy generation, energy saving, DSM and storage options.
• Ideally, let calculate a research, consultancy or engineering institute which variants of the regional energy development plan have which costs and benefits by using a detailed regional model of energy supply and demand.
• Employ an energy manager for managing the transition to a mainly RE-based energy supply and for
consultation of citizens and companies.
• Motivate citizens and companies to invest in the energetic refurbishment of buildings and the use of
renewable energies for hot water preparation, heating, and cooling.
• Set up local/regional support programmes for storage technology, e. g. for battery storages in PV plants.

4.3.2 Recommendations for Regional Energy Utilities
• Invest yourself in RE electricity generation, including PV plants on rented roofs of citizens, companies
and public buildings. This will allow you “keeping a hand on things” even if the electricity generation becomes much more decentralised than today. Owning generation plants will allow you more easily monitoring dispersed generation, optimising grid extension, storage, generation measurement, etc., and better
designing suitable variable tariffs, e.g. for stimulating DSM.
• Optimise the installation of new generation facilities in pattern with the grid extension.
• Invest in pilot storage facilities to manage local grid bottlenecks and to gain experience with different
storage technologies.
• Bundle electricity generation and demand side management and operate on the electricity markets.

4.3.3 Recommendations for Investors
• Continue installing renewable electricity generation facilities of all kinds and do not wait for better storage systems. In most cases, the electric grid is able to accommodate an even much larger share of RE
electricity than it does at present or it might do so after minor extension or reinforcement.
• If you plan to install larger RE electricity generation facilities such as a large wind park, investigate the
option of a connection to the medium-voltage distribution grid or even to the high-voltage transmission grid
via a separate generation grid installed in parallel to the existing distribution grid.
• Equipping PV systems with battery storages might be an interesting option if this increases the self-consumption rate of the generated PV electricity and avoids electricity purchase from a power supplier. This
might notably be the case for small commercial users with a pronounced demand peak during day-time.
• Complement large new biogas plants with up-grading facilities wherever it is possible to inject biomethane into a nearby gas line.
• If you combine a biogas plant with strong intermittent RE electricity generation facilities such as a large
wind park, investigate the option of converting a part of the generated electricity to SNG. This can be done
in a P2G unit that converts the carbon-dioxide fraction of the biogas into bio-methane, thus replac-ing the
gas-washing unit that is usually installed for up-grading biogas to bio-methane.
• Complement existing biogas plants with further CHP and extended biogas storage tanks, operate the
plants in a flexible mode, and sell the electricity via an accredited seller on the spot and balancing energy
market instead of making use of the guaranteed remuneration.
• Try to negotiate a financial compensation from the local distribution grid operator if your investments
avoids him extending or reinforcing the electric grid and if such a deal is compliant with the respective
national regulatory framework.
• Try to sell your RE electricity to a green power supplier who might be interested in buying RE electricity
in pattern with a fixed time-plan which you might guarantee thanks to your storage facilities.
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