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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
planners and practitioners 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 storages. They
tested storages that need 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.
These guidelines are intended to give an insight in the technologies, their availability and potential use cases.
Partners of the local pilot applications share their findings, results and experiences. That shall allow a broad
range of practitioners and planners to gain better understanding of how energy storage systems work and
how they can help secure the prosperity of the Alpine Space.
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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Executive summary
Challenges and Constraints
Energy supply is not an end in itself, but a means to an end. The ultimate objective of energy supply is to help
meeting human needs such as lighting, motion, heating, cooling, transport, information, products, and others. Depending on how these needs are addressed, the required form of energy might be electricity, fuel or
heat. 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. Solar radiation and wind power have the largest potential, but both are highly intermittent. This is the point where storage comes into play. Besides generation and
demand side management, a variety of storage technologies will be key enablers for a future predominantly
renewable energy supply. Intelligent storage technologies can provide cost effective buffering of electricity
and heat in metropolitan areas as well as scattered habitats.
The Alpine Space is predestined for multifaceted decentralized generation of power from renewable energy
sources, but the mountainous character of the area does not allow installing densely meshed electric grids,
thus making compensation of volatile generation via grids difficult. Fortunately, the Alpine Space also offers
a huge potential for storage, first of all for pumped hydropower. However, the construction of new storage
reservoirs is a highly controversial issue and limited by local natural conditions. Battery systems have been
quite expensive until very recently and little has been known outside specialist circles about the viability of
other storage options. Hence, there is still a great uncertainty among decision makers as to the viability of
small, medium and large-scale storage.
Funded by the Interreg VB Program, AlpStore has given a response to this situation. With explorative and
piloting actions, AlpStore partners assessed which storage technologies, and combinations of them, best fit
the needs of the Alpine Space. They assessed storage and mobility concepts within regional and municipal
planning processes, and investigated needs and potentials to integrate these important areas of regional
activity.
AlpStore concentrated on the specific Alpine challenges and opportunities related to energy storage. Partners in seven countries have set up regional master plans for the deployment of storage technologies. 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 and
guidelines for planners and practitioners (this document) and for decision makers (to be obtained from the
AlpStore website) have been derived.

Opportunities and benefits
Profitability of storage is a condition for most applications, but the benefits for the Alpine Space go far beyond
and are manifold: Higher self-supply with electricity and higher value creation, more environmentally friendly
electricity supply, new services for inhabitants and tourists, and many more.
Mostly, energy storage is addressed in discussions about future smart grids. The latter denotes not simply the
electric grid lines, but the entire system which ensures a balance between electricity generation and demand,
and the quality of the electric power. While in most cases generation and demand control are sufficient to
maintain the stability of the system at less than 40% generation from fluctuating sources, the need for storage
increases quickly if the contribution of the latter increases. Some technologies to cope with a high contribution
of fluctuating generation are available, but not all of them are yet fully competitive on the market. This is partly
due to still low production volume of these technologies, entailing high unit cost, partly due to the present
market design. Other technologies are quickly evolving and open already opportunities for grid operators as
well as for enterprises and private house owners.
In June 2014, first commercial PV-battery systems for cost-effective self-supply with renewable electricity
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were presented at the Intersolar fair in Munich. This marks the beginning of cost-effective electricity storage
even for grid-connected individual households. Since then, Li-ion battery costs have significantly decreased
further and new companies have announced to start the production of battery systems. The development of
other storage options is less rapid and less dynamic. Nevertheless storage solutions are quickly becoming
accessible for many applications. In short: storage is no longer only profitable in off-grid electricity supply situations, but also in many cases of grid-connected supply.
An integral view on mobility, storage and grids is extremely important when considering the future energy system. For instance, electric vehicles may stress the electricity system, if they are charged in an uncontrolled
manner, but they also open opportunities for short term buffering of energy and balancing the electricity grid.
A simple and cheap means to balance generation and consumption of electricity is transformation of excess
electricity into heat and storage of the latter (power-to-heat). A variety of materials such as water, stones,
sand, or combinations with salt can be used to store heat and cold – even for longer periods of time if the storage volume is sized accordingly. Today, this is one of the most cost-effective means to manage decentralized
generation. In the long term, generating hydrogen or methane from excess power (so called power-to-gas
technology) may be the best option to provide seasonal storage.
Electric vehicles and power-to-heat are just two examples of a whole new world of evolving cross-energy carrier synergies. The whole picture of storage options and their interdependence with energy generation and
use is quite complex. In chapters 3 and 4 of this guideline the AlpStore experts describe the technical options
and strategies to deploy them. Chapter 5 addresses the role of local and regional decision makers when it
comes to developing and implementing energy and storage plans.

Smart Storage and Mobility – STORM
STORM stands for “Smart Storage and Mobility“. It is a model for developing and taking decisions upon holistic solutions to increase regional renewable energy supply and outbalance volatility of power generation
with appropriate energy buffers and stores, including mobile storage. In general terms, STORM follows the
approach of Sustainable Energy Action Plan (SEAP) at regional level, but has a focus on higher levels of
renewable electricity integration which require storage. The higher the ambitions of a region are with regard
to autonomy and self-supply, the more likely it needs a comprehensive storage plan.
STORM starts with the highly time-resolved assessment of the generation and consumption patterns. From
this, a regional storage master plan can be derived for short-term and long-term storage. 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.
While the STORM concept addresses middle and long-term aspects as well, decision makers often need
guidance for short-term actions. For this purpose, short-term “non-regret” measures are described in chapter
5.3 - activities that can be taken in the Alpine Space right now and with little risk.
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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
5) and guidelines for planners and practitioners (this document) and for decision makers (to be obtained from
the AlpStore website) have been derived.

1.1

The AlpStore Partnership

The AlpStore partnership comprised 19 project partners. All Alpine countries and a variety of urban and
rural regions were involved. The partnership included relevant stakeholders from different levels and sectors
to ensure a successful preparation and promotion of the ambitious project. Thus the entire consortium was
equally balanced with
• regional or urban development institutions
• practice partners from mobility management
• practice partners from power and mobility supply
• scientific partners in the fields of energy, informatics and regional development
• partners experienced in managing and evaluating large international development projects.
Table 1, Project partners and contact information
Project Partners

Contact information

B.A.U.M. Consult GmbH (lead partner)

Patrick Ansbacher
p.ansbacher@baumgroup.de
Anja Lehmann
a.lehmann@baumgroup.de

A.L.O.T. s.c.ar.l. - Agency of East Lombardy for Transport and Logistics

Guido Piccoli
info@alot.it

AGIRE Local Energy Agency of the province of Mantova

Nicola Galli
galli@agirenet.it

Autonomous Region of Valle d’Aosta

Tamara Cappellari
t.cappellari@regione.vda.it

Euroimpresa Legnano s.c.r.l.

Laura Pandolfi
l.pandolfi@euroimpresa.it
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Voralberger Elektroautomobil Planungs - und Beratungs GmbH
(VLOTTE)

Gerhard Günther
Gerhard.Guenther@vkw.at
Stefan Hartmann
Stefan.Hartmann@vkw.at

European Centre for Renewable Energy

Joachim Hacker
j.hacker@eee-info.net

Freshmile

Arnaud Mora
info@freshmile.com

University of Technology Belfort-Montbéliard

Salah Laghrouche
salah.laghrouche@utbm.fr

P + M Rothmoser GmbH & Co. KG

Florian Rothmoser
florian.rothmoser@rothmoser.de

Public Power Utility Allgäu (AÜW)

Carmen Albrecht
carmen.albrecht@auew.de
alpstore@auew.de

Energy and Environmental Centre Allgäu (eza!)

Felix Geyer
geyer@eza.eu

RDA-BSC Business Support Centre Kranj

Jelena Vidovic
Jelena.vidovic@bsc-kranj.si

University of Ljubljana, Faculty of Electrical Engineering

Igor Papic
igor.papic@fe.uni-lj.si

Municipality Jezersko

Jurij Markic
obcina@jezersko.si

Research Centre Energy Economics (FfE)

Florian Samweber
fsamweber@ffe.de

University of Liechtenstein, Chair for Sustainable Spatial Development

Dr. Peter Droege
peter.droege@uni.li

University of Lugano, Advanced Learning and Research Institute

Umberto Bondi
Umberto.bondi@usi.ch
Slobodan Lukovic
slobodan.lukovic@usi.ch

Kraftwerke Oberhasli AG (KWO) / Battery Consult GmbH

Gianni Biasiutti
bia@kwo.ch

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

Fig. 1

AlpStore consortium convening for the kickoff meeting in Jezersko (Slovenia)
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source: B.A.U.M. Consult GmbH

Fig. 2

AlpStore activities spread over the entire Alpine Space

1.2

The AlpStore Pilot Projects

Using storage and electric vehicles in the energy provision system will become a key in ensuring stable
energy supply in all Alpine regions. With reliable energy provision, regions stay attractive as living habitats,
working spaces and recreational sites. The consortium partners investigated latest technology, assessed the
potentials and deployed it in pilot cases. The twelve pilot implementations listed below are described in single Case Study documents that are available on the project website.

1.2.1 12 Pilots for the Future
Table 2, The 12 AlpStore Pilot Implementations
Region (Country)

Pilot Implementation

1

Strasbourg (FR)

ALSACE AUTO 2.0: rolling out an energy price plan for electric vehicles in the
Strasbourg area … and managing the charging process to optimise electricity
supply cost and environmental footprint

2

Belfort (FR)

“Gas and Power – together for a cleaner future”

3

Bregenz (AUT)

“EVective storage”

4

Legnano (IT)

TEAM: TecnoCity Energy Area Manager

5

Mantova (IT)

RESM: Renewable Energy Storage for Mobility in Mantova

6

Güssing (AUT)

Implementation of a local biogas grid - optimize use of biogas for mobile and
stationary purposes

7

Aosta (IT)

Smart node: A solution to manage a stationary storage in a SME site with a
PV plant and an EV
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8

Jezersko (SI)

Install and monitor REDOX flow batteries to balance PV

9

Oberstdorf + Sonthofen (DE)

“PV-Storeplus E-Bike”

10

Kempten + Sonthofen (DE)

“PV-Storeplus Haus“

11

Grafing (DE)

Biogas and District Heating in Grafing

12

Brescia (IT)

“Energy in motion”

For each of the pilot implementations a single Case Study description has been elaborated. The Case Studies are available on www.alpstore.info.

1.2.2 Project Evaluation
The figure shows the workflow of the project, which starts from the pilots and brings to the common evaluation outcomes. The process is based on the definition of three use cases representing the main characteristics of the pilot actions run at local level by the partners including a validation step.

source: A.L.O.T. s.c.ar.l.

Fig. 3

Methodological Evaluation Framework

The quantitative evaluation follows the cost-benefit approach, elaborating a dedicated methodology targeted
on energy storage systems within the Alpine Space environment highlighting the potential of technologies
and applications as emerging from the pilot activities performed within the project.
It is worth to underline that according to the general purpose of cost-benefit analysis, the monetary appraisal did not cover only strictly business economic aspects, but also regional added value, and external and/or
indirect factors such as social, environmental, reliability and security related, etc. effects generated by the
development of energy storage systems.
The qualitative impact analysis represents a fundamental approach in order to integrate the outcomes of the
cost-benefit analysis, and involves the contributions of relevant experts both on specific quality issues related
to the development of the pilot activities which may not be easily monetized, and subjective aspects related
to the perceptions, expectations and social acceptance affecting the successful testing and implementation
of innovative technologies and consumption/production schemes.
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The experiences made across the 12 pilot activities have been combined according to the main common objectives of the activities, and merged into three use cases describing possible policy orientations for Regions
towards an integrated strategy for mobility, housing and districts.
Each use case has been projected on an Alpine Space region model, in order to simulate the potential uptake
of storage technologies and derive hints and recommendations for setting up an effective strategy for energy
storage development supporting higher penetration and efficient exploiting of renewable sources.
The three regional model use cases can be summarized as follows:
I. Mobility services including storage options: a range of mobility related services based on the use of EVs
will be developed in the region.
II. Efficient buildings renewable energy management: buildings will allow the efficient use of renewable
energies balancing the intermittent production and allowing EVs to benefit and contribute to the peak load
management.
III. District renewable energy management: operating villages and districts as self sufficient environments
based on renewable energy will be a key issue along the Alpine Space territories.
Opportunities and criticalities related to the implementation of the regional approaches described were identified with the specific support of experts, in order to set the boundaries of the evaluation exercise and help to
define the hypotheses and assumptions for building future scenarios.
What should pursued by regional strategies on energy storage? What are the expected benefits, or better say
the opportunities, which have to be considered when defining support policies and actions to the development
of energy storage applications at local level?
Concerning the environment, applications might support a decrease of emissions linked to transport as well
as to energy generation, by reducing the dependency from fossil sources.
Which leads to related socio-economical opportunities, such as a higher independency from fossil energy
resources thanks to an increase in the renewable energy penetration, higher stability of prices and potential
for self-consumption. Moreover, operators might benefit from a reduction of costs related to grid extension,
as well as utilities might identify new business cases and opportunities by innovative generation and consumption models.
Finally, besides very important technical benefits such as support to voltage control and grid balancing, end
users might be able to be among the main beneficiaries of energy storage technologies by increasing selfsufficiency and consequent reduction of purchased electricity, and by experiencing higher energy quality and
supply reliability.
Of course the way to the implementation of a successful strategy for energy storage within the Alpine Space
regions is paved as well with a range of potential criticalities to be faced in order not to harm the potential of
innovative application within the energy sector.
Under the market perspective among others, the lack of cooperation and tested business models and the
shortage and increasing price of resources, as well as the uncertainty of EV (and fuel cells) market evolution,
represent a relevant threat to the effectiveness of set strategies.
Further relevant critical issues are related to the institutional and regulatory framework, where the lack of
standards, market and grid regulations, and specific incentives can represent serious hurdles to the development of storage technologies.
And last but not least, user acceptance issues such as doubts on smart charging, low interest of citizens and demand, as well as low awareness on benefits of storage technologies can be extremely powerful negative drivers.
Greater part of the applications tested and assessed within the AlpStore project framework are related to
renewable energy integration, commercial and industrial power quality and reliability, and home backups.
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Other relevant applications may include distributed energy storage systems for transmission and distribution
support, ESCO aggregated systems, stationary storage and wholesale energy services.
Looking at the benefits potentially generated by the applications tested within the AlpStore experiences,
specific outcomes per use case must be considered. They may propose 3 different while additive strategies
for regional and city development:
I Mobility services including storage options
The objective leading regional policies is represented by the possibility of promoting an innovative approach to
private mobility, able to generate high positive environmental impacts by the take-up of electric vehicles, supported by the benefits generated by a higher penetration of renewable energies and by positive economic effects
generated by new mobility patterns, innovative business models for the provision of services and grid support.
Implementing new business models is, together with fostering investments and supporting the take up of
electromobility options and new active behaviours by customers represent the core elements of the strategy
underneath this use case approach.
As seen by the simulations run, the possibility of monetising the benefits related to the more efficient consumption of energy (through arbitrage), as well as to higher shares of renewable energy integration (including potential effects on retail prices) would support in a decisive way the feasibility and sustainability of investments and economic initiatives in electromobility. Therefore, great attention must be put in the strategy
setting process to the framework conditions, which must guarantee the possibility of exploiting the potential
of an electromobility based mobility pattern on a regional scale.
II Efficient buildings renewable energy management
The objective underneath the actions related to the second analysed use case can be identified in a more
efficient energy management for building and infrastructures which allow a higher integration of renewable
options at district, buildings and house levels. In this strategy, the independency and “autarchy” or “autonomy” objectives play a major role especially in isolated and urban-sprawled areas, while the development of
integrated management systems at urban level represent the core strategy component.
Regulatory frameworks supporting the role of prosumers as well as infrastructure investments are very relevant elements of the strategy; however, technological and industrial development allowing a substantial decrease in costs for batteries and apparatuses have been identified as the key issue in this specific use case,
especially concerning the domestic and in general private development of storage concepts.
III District renewable energy management
At district level, the important of energy storage mainly relies on two orders of factors: on one side energy
independency of local communities, both within the Alpine Space rural and urban areas, may represent an
outstanding opportunity and success factor under the economical and competitiveness point of view; on the
other hand, the guarantee of quality provision as well as support under critical conditions (such as blackouts
and other external events) are indeed relevant factor for strategic choices.
In this context, medium and long term storage opportunities are key issues, related to greater investment
needs and social acceptance factors. It is very difficult to provide specific directions towards the development of district approaches as far as investment decisions and strategies must be tailor made according to
the specific attitudes and availability of local renewable resources. On the contrary, policy objectives can be
set according to user needs and raising competitiveness opportunities and strategies set up at community
level and which identify sustainable energy provision models and consumption patterns as high potential
factors in pursuing efficiency objectives. Last but not least, the needs of grid operators need to be taken into
account and way should be identified to operate the storage modules in a “grid friendly way”.
For more information about the project, partners, pilots, activities, news, resources etc. please visit www.
alpstore.info.
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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 supply.
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 3, 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

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

Wind

Geothermal

*<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 (84,8GW)
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.
This leads to more constant residual demand and electricity prices than before, when the demand and spot
market prices peaked at noon. It reduces 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.
The needs and principles of storage and other means can easily be explained with the series of pictures in
Fig. 4 . 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 Italy, where active volcanic processes still exist, geothermal energy sources are available. 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 stability (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 stores 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. Consult GmbH and Research Center for Energy Economics (FfE)

Fig. 4

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 European Commission (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
prepared the implementation of combined storage and mobility concepts in regional and municipal planning.
Example				
Storage Master Plan of the Allgäu Region
Based on the ambitious goal of reaching a share of 70% of electricity consumption coming from renewable energy
sources in the region, the storage master plan identified important potentials concerning storage for the entire
Allgäu region. It includes a list of advantages and disadvantages of small scale storages for households, the
elaboration of decentralized energy storages in local network stations in a pilot project (IRENE), and the establishment of smart grid projects. 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.Next Steps as listed in the Masterplan
for the Oberallgäu.
Planned measures in Allgäu region:
• Gathering more detailed information about the storage potential in private households.
• Gathering knowledge about decentralized energy storage in private households: insights into self-sufficiency
and self-efficiency in private houses; (shall be implement in AlpStore project!)
• Gathering knowledge about centrally decentralized energy storages in local network stations. (further evaluations
from the lessons learnt in IRENE project).
• Practical experiences in controlling many decentralized battery storages – in a useful context for the regional
energy balance.
• Smart-Grid follow-on project IRENE 2.0; to get further practical experience in Smart Grid tecnologies to be
able to handle with the fluctuating energy.
• To realize pump storage plants in the region until 2022.
• Public relation to avoid that there will start citizen-initiatives against pump-storage-plants.
• Public relation in general, the energy revolution must be supported regionally. Technically, all options are
feasible, crucial roles for the realizations are the economy and the social acceptance of the proposed projects.
• Useful connection of different activities in the region (first step: project “Energiezukunft Allgäu”).
• Actors in Allgäu region will gain experiences toward storages, e-mobility and smart grids with innovation
projects; also may draw political decisions.
For further information and the Master plans of all regions, please visit the AlpStore Website.

Fig. 5

Storage Master Plan of the Allgäu Region
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Many regions have developed energy and climate concepts. They have used methodologies such as Sustainable Energy Action Plan (SEAP) which have been developed in projects SEAP-Alps and AlpEnergy (both
funded in the Alpine Space Program, see www.seap-alps.eu and www.alpenergy.net). All regions involved in
AlpStore have added Storage Master Plans (StoMP) to their regional energy plans. Starting from the status
quo of the regional energy system and anticipated generation and consumption patterns in the region such a
master plan contains considerations on
• 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

An integrated view

To put storage into perspective and to get a better picture of its role in a mainly renewables-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 flows between their source and the consumption facility. While everybody has usually
heard of 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, stores for these materials are energy stores 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.
• 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 stores, 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. 6 . 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 storage 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 3.3.2) 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.
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source: B.A.U.M. Consult GmbH

Fig. 6

Energy pathways with energy storage

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

Fig. 7

Storage technologies and their deployment options for short and long term buffering
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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 amounts of energy for weeks and months lacks feasible solutions. Fig. 7 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 (for specific use cases see chap. 3).
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3

STORAGE CONCEPTS

3.1 Frameworks
3.1.1 EU Framework
The EU follows a Strategic Energy Technology (SET) Plan. The SET-plan is the main decision-making support tool for the implementation of the European energy policy. It 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 targets 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 European TSOs ENTSO-E started working. The ENTSO-E’s task is to develop and to publish a unified European
transmission grid development plan every two years. Within each version of the 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 the removal of bottlenecks in the transmission grid.
The association of European Distribution System Operators for Smart Grids (EDSO) gathers 30 Distribution
System Operators from 17 EU countries, covering 70% of the EU electrical connection points cooperating to
bring Smart Grids from a 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).

3.1.2 National Frameworks
The EU member states and associated countries are intensively involved in research on new storage technologies as well as on options for integrated storage systems. Of course, there is a row of different legal
frameworks and funding programmes in the different states. Nevertheless, many countries work closely together and adjust 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.

3.2

Market overview and future options for storage

The tables in this chapter provide a condensed overview and assessment of the various storage technologies
in the respective countries. As for the institutional and legal frameworks, more detailed information is provided
in the country-specific framework study reports. The assessment presented in tables is based on these national status quo and framework studies executed by the AlpStore partners in 2013.
Explanations
• Market availability: +++ (highest), ++, +, o (medium), -, --, --- (lowest)
• Storage capacity: +++ (highest), ++, +, o (medium), -, --, --- (lowest)
• Local option: +++ (highest), ++, +, o (medium), -, --, --- (lowest)
• Storage period (typical resting time): minutes, hours, days, weeks, months
• Response time (speed to load and unload the store): very quick, quick, medium, slow, very slow
The latest comprehensive technical book on storage technology, entitled “Energiespeicher – Bedarf, Tech-
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nologien, 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.

3.2.1 Stationary Batteries
Contrary to mobile batteries (see chap. 3.2.2), stationary batteries do not necessarily need to be light-weight.
As long as they do not have a huge capacity, their volume and weight play a minor role. The safety requirements are also lower compared to mobile batteries. For instance, it is not necessary that stationary batteries
can be turned up-side down.
Examples of stationary battery types include:
Lead-acid batteries: Lead-acid batteries have been used as stores in renewable energy (RE) systems for
about three decades and can be considered as established, proven and relatively cheap battery stores. The
main disadvantage of lead-acid batteries is their high specific weight.
Lithium-ion batteries: About 30 manufacturers of lithium-ion battery cells exist worldwide. Improvements of
lithium-ion batteries are continuously made at all levels. The extrapolated remaining capacity of Sol-ion (lithium-ion) batteries after 20 years is 80 %. Cycling accounts for about two thirds of the capacity loss, calendric
aging for the remaining third. Used lithium-ion batteries from vehicles can be reused as stationary batteries
when they no longer have a sufficient capacity for mobile application.
Redox-flow batteries: Contrary to other battery types and similar to flow cells, redox-flow batteries store
energy in two different electrolytes and not in the electrodes. The electrolytes are stored in separate tanks
and discharge losses are minimal. With their nearly unlimited longevity they outclass all other battery types.
Another distinctive feature of redox-flow-batteries is that their energy and power capacity can be designed
independently from each other. While the energy storage capacity is determined by the amount of electrolytes stored, the power rating is determined by the size and permissibility of the membrane which allows for
the selective internal ion-flow between the two electrodes.
Table 4, Stationary batteries
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

o

days

-

very quick

+++

France

+++

days

-

very quick

+++

Germany

+++

hours

o

very quick

+++

Italy

+++

days

o

very quick

+++

Liechtenstein

o

days

-

very quick

+++

Slovenia

o

days

-

very quick

+++

Switzerland

o

days

-

very quick

+++

3.2.2 Mobile Batteries
After years of stagnation a wide variety of fully electric and plugin hybrid vehicles is now on the roads. For
these vehicles, electric energy is provided by on-board batteries. The latter can retrieve and store energy
from the electricity grid in a more or less intelligent way. Hybrid vehicles are also supplied by an on-board
generator driven by a combustion engine. The electrification of the transport sector is currently considered
for several reasons:
• Electric drives are 3-4 times more efficient than combustion engines.
• Electric drives do not produce air pollution at the site of use. If the electricity is provided by renewable
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energies, air pollution can even be totally avoided.
• Electric drives produce much less noise than combustion engines.
• On the average, passenger cars are not in use for 23 hours per day. During this time, the batteries present
a flexible load to the grid of which use could be made to better manage grid operation and resources
(grid-to-vehicle systems, G2V).
• In times of vehicle non-use, batteries can even dispatch electrical energy to the grid (vehicle-to-grid
systems, V2G), provided that the user finds the battery sufficiently charged when he wants to use the
vehicle (grid-to-vehicle systems, G2V).
The vision is that vehicle batteries form a network and act as one collective battery fleet for matching electricity generation and demand. However, such advanced concepts are still largely at conceptual level.
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 as well as a high power output during vehicle acceleration. For these
reasons, Li-ion batteries are presently considered as the most suitable battery type for mobile applications.
Key questions as to the usability of mobile batteries for energy and grid management are:
• How often and when can they be hooked to the power grid and how flexible can they be charged and
discharged without adversely affecting user comfort?
• Will it be possible to get control over the charging time and power?
• Will it be possible to implement a controlled bidirectional and grid-compatible energy flow?
Table 5, Mobile batteries
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

--

hours

-

very quick

+++

France

+++

hours

-

very quick

+++

Germany

+

hours

-

very quick

+++

Italy

++

hours

o

very quick

+++

Liechtenstein

o

hours

-

very quick

+++

Slovenia

--

hours

-

very quick

+++

Switzerland

--

hours

-

very quick

+++

3.2.3 Hydro storage
Pumped-hydro storage systems use the difference in potential energy of water contained in basins situated at
different altitudes. In the Alpine Space, they have a significant potential due to the mountainous terrain. The
attribute “regional” refers to small systems situated which are often situated in isolated places or connected
to weak grid lines.
Contrary to usual hydro storage systems, pumped-hydro storage implies the storage of cheap excess electricity: water is pumped from a lower basin to a higher one and released to drive turbines in times of high demand
when the electricity price is low. Pumps and turbines have short ramping times allowing for quick response.
The profitability of pumped-hydro storage system operation increases with the number of charge-discharge
cycles. Hence, pumped-hydro storage is technically suitable for long-term storage, but this application is not
cost-effective because it implies a low number of charge-discharge cycles. At present, pumped-hydro storage is even not cost-effective if used for short-term storage, because the electricity price differences have
decreased on the average as a consequence of the strong deployment of PV systems, notably in Germany.
The situation is slightly different in Italy, where the residual demand (demand minus generation from non-
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dispatchable power plants) peaks strongly in the early evening.
In the case of small pumped-hydro storage systems, profitability can only be reached with a high degree of
automation. An investment decision needs to compare pumped-hydro storage with other storage and flexibility options, notably grid reinforcement, and to consider the respective ownership and financing options.
Table 6, Pump water storage regional in Alpine Space
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

+++

months

+++

quick

+++

France

+

months

+++

quick

+

Germany

+++

hours

o

quick

--

Italy

+++

days

+++

quick

++

Liechtenstein

+++

months

+++

quick

++

Slovenia

++

days

+

quick

++

Switzerland

o

days

o

quick

++

Table 7, Pump water storage in Scandinavia etc. (used by Alpine countries)
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

+

weeks

++

quick

---

France

n/a

weeks

++

quick

n/a

Germany

-

weeks

++

quick

---

Italy

+++

weeks

---

quick

++

Liechtenstein

++

months

+++

quick

Slovenia
Switzerland

quick
+

weeks

++

quick

o

3.2.4 Thermal energy storage systems
A big variety of materials such as concrete, stones, sand, water or combinations with salt can be used to
store heat and cold – even for longer periods of time if the storage volume is sufficiently large and insulated.
Today these technologies are amongst the most feasible and cost effective means to use excess power from
fluctuating renewable energy sources.
Thermal energy storage systems can be classified by their operation temperature. Low temperature heat
storage can be further subdivided into sensible heat storage which goes 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 at low temperature is hot water in most cases. A major application
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 management. 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 reservoirs can even serve as seasonal heat stores. Thermal storage allows for
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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.
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. A special kind of latent heat storage is cold storage by ice water mixtures at zero degree. Another case is the use of paraffin waxes to store heat at temperatures that are required for room heating or hot water preparation.
Thermal energy storage systems using salt or zeolith (see also chemical storage) make use of the energy
difference between water bound to hygroscopic salts and water released from these salts upon application
of heat. The main advantages are the low energy losses and related suitability as long-term storage medium.
High Temperature Thermal Energy Storage System (HTTESS) is experimented with as an option to store
sensible heat generated from excess electricity in combustion power plants, thus allowing for more flexibly
operating base and medium load conventional 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. In the context of renewable
energy deployment, HTTESS plays a minor role.
Lithic materials like stones and sand or concrete are used storage at low and high temperatures. For instance, they play a role in managing the temperature in buildings. In the context of electricity generationdemand matching, lithic materials are used as heat store in HTTESS.
Table 8, Thermal energy storage system – hot water
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

+++

days

+++

quick

+++

France

+++

days

+++

quick

++

Germany

+++

hours / months

++

quick

+++

Italy

+++

+++

+++

+++

+++

Liechtenstein

+++

days

+++

quick

+++

Slovenia
Switzerland

Table 9, Thermal energy storage system – low temperature
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

o

week

++

medium

o

France

o

week

++

medium

o

Germany

o

weeks

+

quick

+++

Italy

o

days / weeks

o

medium

o

Liechtenstein

o

days

++

medium

+

Slovenia

+++

days

o

Switzerland
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Table 10, Thermal energy storage system – high temperature
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

+

hours

+

medium

+

France

o

hours

+

medium

o

Germany

o

weeks

++

medium

+++

Italy

+

weeks

+

medium

++

Liechtenstein

+

hours

+

medium

+

Slovenia

o

weeks

++

medium

+++

Switzerland

+

weeks

++

medium

Table 11, Thermal energy storage system – salt
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

o

weeks

++

medium

o

France

o

weeks

++

medium

o

Italy

+

weeks

+

medium

++

Liechtenstein

o

weeks

++

medium

+

Germany

Slovenia
Switzerland

Table 12, Thermal energy storage system – lithic material
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

o

hours

o

very slow

o

France

o

hours

o

very slow

o

Italy

o

hours

o

very slow

o

Liechtenstein

o

days

o

very slow

+++

Germany

Slovenia
Switzerland

3.2.5 Chemical energy storage
Chemical storage systems convert electricity and/or heat into chemical binding energy and vice-versa the latter into electricity and/or heat. The most important chemicals which are used for energy storage are hydrogen
and synthetic natural gas which are discussed under the separate category “power-to-gas”. Other chemicals
used for energy storage are higher alkanes and other hydrocarbons as well as bio-coke. They are similar to
the fossil energy carriers coal, petrol and natural gas.
Within the AlpStore project, chemical energy storage was used to denote a range of different means to store
energy through chemical reactions, including the reversible physico-chemical processes of adsorption and
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absorption. An example of a storage medium making use of adsorption are zeolites which are microporous
alumina-silicates, 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, zeolites 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.
In a wider sense, each endothermic, that means energy-consuming chemical process whose intensity can be
modified within a certain range can be used for buffering energy fluctuations in chemical industry. However,
this falls rather in the category of demand side management than storage.
Table 13, Chemical energy storage
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

+

days

o

slow

+

France

o

days

o

slow

o

Germany

++

days

o

quick

+

Italy

+

days

o

slow

o

Liechtenstein

+

days

o

slow

+

Slovenia

o

days

o

slow

+

Switzerland

+

days

o

slow

o

3.2.6 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. In the latter case, the released 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.
The moderate efficiency of compressed air energy storage (< 50% if compression heat is not recovered)
makes the technology rather suitable for grid stabilisation without larger shifts of energy or without a high
number of full charge-discharge cycles.
Compressed air is used for many industrial processes and in 1998, 2.5% of the German electricity demand
was used for air compression. If the discharge is omitted, air compression can be included in load management in industry.
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Table 14, Compressed air energy storage
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

+

weeks

o

medium

---

France

---

weeks

o

medium

--

Germany

o

weeks

+

quick

-

Italy

+

weeks

o

medium

o

Liechtenstein

+

weeks

o

medium

o

Slovenia

--

weeks

o

medium

o

Switzerland

+

weeks

o

medium

o

3.2.7 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 a high self-discharge of 72-100% per day. I.e. their use
is restricted to very short to short-term storage.
Each turbine and the related rotating masses in a power station represent a fly wheel and their use for storage
of rotational energy during fractions of seconds plays an important role in stabilising the electricity grid. Another application is recuperation of energy during breaking in vehicles and their use for quick re-acceleration.
Table 15, Flywheels – small sized
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

++

minutes

--

very quick

++

France

o

minutes

--

very quick

+

Germany

o

minutes

--

very quick

+++

Italy

++

minutes

--

very quick

+++

Liechtenstein

+++

minutes

--

very quick

+++

Slovenia

o

minutes

--

very quick

+++

Switzerland

+++

minutes

--

very quick

o

Table 16, Flywheels – large sized
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

++

minutes

--

very quick

++

France

o

weeks

o

very quick

o

Germany

o

minutes

--

very quick

+++

Italy

--

weeks

--

very quick

o

Liechtenstein

---

weeks

o

very quick

o

Slovenia

--

weeks

o

very quick

o

Switzerland

--

weeks

o

very quick

+
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3.2.8 Biogas digesters and storage tanks
Biogas is essentially a mixture of methane and CO2 and represents of chemically bound energy. When the
latter is removed, i.e. after up-grading to bio-methane, it is very similar to natural gas. It can be stored before
or after up-grading at atmospheric or higher pressure in suitable recipients and can further be converted into
electricity and heat or be used as transport fuel. Recipients for storage might be tanks, which are installed
close to the digester or 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 hot water boiler or a room heating device, or at bio-methane filling stations.
Bio-methane can be transported in the existing natural gas grid and stored in existing natural gas reservoirs.
Up-grading biogas to bio-methane, compression, and injection into, and transport and distribution via, the
natural gas grid is the most suitable option if the local production of biogas is much higher than the amount
of biogas that can be used locally. In such a case of a rather large biogas plant, it is often also possible and
economically viable to install a new gas pipe to the existing natural gas grid even if the latter is some distance
away. Up-grading to bio-methane might also be a suitable option if the bio-methane is used as transport fuel.
The required compression is less than for injection into the natural gas grid.
If the biogas is used to fuel a CHP, a heat store is usually installed to buffer 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, not only a larger biogas buffer store between
the digester and the CHP, 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.
Table 17, Biogas digesters and storage tanks
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

+++

days

+

medium

+++

France

--

days

+

medium

+

Germany

+++

days

+

quick

+++

Italy

+++

weeks

++

medium

++

Liechtenstein

+

days

+

medium

+++

Slovenia

++

days

+

medium

+++

Switzerland

+++

days

+

medium

+++

Table 18, Biogas digestion, upgrading to bio-methane, storage in natural gas grid and stores
Country

Market availability

Storage period

Storage volume

Response time

Local option

Germany

+++

months

+++

quick

+++

(only Germany)

3.2.9 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 produced either through up-grading of biogas (see chap. 3.2.8) or through the power-to-gas process
(P2G) using excess wind or other renewable power.
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Example				
“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

source: University of Technology Belfort-Montbéliard (UTBM), B.A.U.M. Consult GmbH

Fig. 8

Exploring the use of hydrogen as storage

In the first step of the P2G process, hydrogen is produced by electrolysis of water. In the next step, SNG is
produced in a reaction of carbon-dioxide (CO2) and hydrogen (H2). The CO2 might be taken from the air or
from CO2-rich sources (biogas, lime kilns, or exhaust gas of combustion plants). 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 hydrogen today seems to be out of scope.
The strongest advantage of SNG compared to hydrogen is, that these limitations can be avoided. 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 not only 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.
A number of pilots and demonstration plants have already being implemented, the largest of them is the 6
MW industrial-scale P2G plant owned by Audi in Werle.
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Table 19, Power to Gas – methane in gas grid
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

o

weeks

+++

quick

o

France

---

weeks

+++

quick

+

Germany

+

months

+++

quick

++

Italy

--

weeks

--

quick

++

Liechtenstein

--

weeks

+++

quick

o

Slovenia

o

weeks

+++

quick

o

Switzerland

o

weeks

+++

quick

+

Table 20, Power to Gas – hydrogen in gas grid
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

o

weeks

+

quick

--

France

---

weeks

+

quick

--

Germany

+

months

+++

quick

++

Italy

---

weeks

---

quick

--

Liechtenstein

--

weeks

+

quick

o

Slovenia

---

weeks

+

quick

--

Switzerland

o

weeks

+

quick

-

Table 21, Power to Gas – hydrogen local
Country

Market availability

Storage period

Storage volume

Response time

Local option

Austria

--

days

-

quick

+

France

---

days

-

quick

+

Germany

+

days

+

quick

++

Italy

--

days

--

quick

-

Liechtenstein

--

days

-

quick

o

Slovenia

---

days

-

quick

+

Switzerland

--

days

-

quick

+

3.2.10 Cryogenic energy storage
In the cryogenic energy storage (CES) concept electricity is used to liquefy a gas (e.g. air or 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 gas is expanded using ambient or waste heat as energy source, and drives a
set of turbines operating 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. If the liquefied gas is not re-expanded to drive a turbine, but used for its usual purpose in
industry, CES can be considered as an option of demand-side management.
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Table 22, Cryogenic energy storage
Country

Market availability

Storage period

Storage volume

Response time

Local option

Germany

o

days-weeks

+

quick

-

3.3 Alternative options
3.3.1 Generation management
Generation management is the most commonly used way to deal with the fluctuating electricity demand, or
more precisely, fluctuating differences between the generation and 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 (turbines, generators and connected rotating masses acting as fly wheels) 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 generally operated as
base load plants, because this is more profitable in the present regulatory framework.
The power output of nuclear and lignite power plants cannot be easily varied. Such plants use to be operated
at constant power and are classified as base load power plants. Hard coal and oil power plants are classified
as medium load power plants, and gas power plants and hydro storage power plants as peak load plants.
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 Germany 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. Similarly, the power output of run-of-the-river hydropower plants can be changed quickly, but
usually they are run at constant power because the marginal costs of electricity generation are zero.

3.3.2 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 that is the power demand minus the generation from renewable energies. DSM can help to stabilize the grid, to smooth the daily load curves, thus
enabling steady capacity utilization in power plants, and to reduce the peak load to lower capacity credit in
general. DSM generally helps to make electricity consumption, and therefore the whole energy system, more
flexible by adapting consumption to fluctuating renewable power generation.
Apart from aiming at providing flexibility to the energy supply system, DSM is often implemented for energy
saving and energy cost saving. To this aim, the energy consumption is assessed more precisely and in a more
detailed manner, and the information on the energy consumption is presented to the consumers in a suitable
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way, permitting them to better understand the relation between their behaviour and their energy consumption,
thus allowing them to modify the latter in an effective way. Advanced measurement and automation equipment such as smart meters, displays, internet platforms, and mobile communication devices are the technical
means that allow for widespread deployment of detailed energy measurement, analysis and visualisation.
An advanced version of these new technical means allows to combine consumption assessment and consumption control with variable electricity price tariffs or dynamic price signals, thus providing the basis for active and automated energy cost optimisation through load shifts from times with high electricity prices to times
with lower ones. If the price signal reflects the availability and cost of use of generation and grid resources,
this helps minimising the overall cost of the electricity supply system.
The decisions on load shifts can be taken locally by the consumers themselves (demand side management)
or centrally (demand control):
• In the case of (DSM price signals are generated centrally on the basis of a large number of local
measurements, but each individual decision on a load shift is taken locally, either manually or automatically
by ICT devices (mostly called “energy managers”). Of course, the consumer might be a source of
unreliability, as the incentive might not move him to adjust his energy consumption.
• In the case of demand control (DC), the decision is taken centrally by an operator who can exercise
direct control over a number of consumption devices. The incentive to the owners of these consumption
devises to accept such a remote control can be set by a fixed remuneration. DC in private households
is very often done with electric night storage heating and heat pumps, but might be extended to other
controllable devices. In industry the potential for DC is much larger. The German Regulation on
Disconnectable Loads (Verordnung zu abschaltbaren Lasten) is an example of a regulatory framework
incentivising the application of DC in industry.

3.3.3 Grid expansion and reinforcement
Storage, generation management and demand side management can balance electricity generation and demand at the same site. If the balance is established between devices that are installed at some distance from
each other, sufficiently strong electric grids are needed to connect them. In the conventional electricity supply system, generation and consumption are essentially separated and strong grids are needed to transport
the electricity generated in central power plants via transmission grids to the remote and spatially dispersed
consumers. Renewable power generation is more decentralised and the distances between the sites of
generation and consumption are shorter on the average than in the conventional electricity supply system.
However, renewable power generation from PV and wind power plants does much less match with electricity
consumption than conventional power generation. Hence, there is still a need for strong electric grids in a
renewable supply system, but the topology of the grid is different in the latter case from the one needed in the
conventional system. The presently discussed need for grid expansion and reinforcement is in fact a need
to adapt the electric grid from a conventional electricity supply system to a more and more renewable one. It
is not only a question of expanding the grids but above all a question of improving existing grids using new
technologies (Smart Grids).
As opposed to storage, generation management and demand side management, grids cannot balance out
temporal differences between generation and demand, but the degree to which these flexibilities are needed
depends strongly on the topology and capacity of the electric grid. In this sense, electric grids provide also
flexibility. Grid expansion and reinforcement is generally a cost-effective means to provide flexibility, but highvoltage transmission lines are also a subject of strong public debate and are very often not accepted by the
concerned population. In these cases, storage might solve part of the problem.
In the course of the ongoing deployment of renewable generation plants, the following transition problems
occur for which solutions are needed:
• An existing grid connection might not have the capacity needed for the power flow generated by a new
plant. In the case of PV and wind power plants, the power flow is very volatile. A storage system might
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flatten the power curve, thus avoiding the reinforcement of the existing grid connection.
• Local power transformers usually have a fixed transformation ratio that sets the lower voltage at the
upper level of the permissible operating range, thus ensuring that it does not drop below this range
even at the remotest consumption site. Now, decentralised generation might reverse the power flow and
lead to a higher voltage at the end of the grid than at the transformer that means above the permissible
operating range. It is worth noting that this might happen even if the power flows in the area are much
reduced on the average thanks to more decentralised generation and lead to much lower ohmic losses.
A solution to this problem is the replacement of the existing transformer by a new one with a
flexible transformation ratio. However, such transformers are expensive. The replacement of the trans
former might be postponed until the regular replacement if a storage system is installed at a suitable
point in the local grid.
• The rearrangement of power generation might lead to insufficient reactive power compensation. The
latter might be improved by reactive power provision by renewable power plants or specifically installed
storage systems.
Generally, grid extensions and reinforcements cannot completely be avoided because the future renewable
energy-dominated electricity supply system will require a different grid topology than today’s still largely centralised supply system. However, storage systems, and generation and demand side management, might
allow postponing grid modifications and a better planning of the future grid structure. In particular storage
systems which can be easily moved from one site to another one, for instance battery systems installed in
containers, can help bridging the gap until modifications of the existing grid are implemented.

3.3.4 Comparison of storage and other options
Storage, generation management, and demand side management are means to balance generation and demand in time, grid extension and reinforcement a means to do this in space. The optimum mix of these means
can only be evaluated by model calculations of the electricity supply system. Only few models investigate the
whole range of options for matching electricity generation and demand in time and space, the whole spectrum
of generation and storage technologies, and the existing or potential future grid. From these calculations, the
following lessons can be drawn at this stage:
• PV and wind power generation has by far the highest potential of all renewables. For this reason, the
future renewable electricity supply system has to deal with highly volatile generation.
• In a fully renewable electricity supply system, long-term storage (or alternative flexibilities) will be much
more important than short-term storage. Long-term stores with an energy storage capacity in the order
of 10% of the annual electricity demand will be needed. The exact amount depends on the deployment
of other flexibility options.
• Significant flexibility will be needed once renewables provide about one half of the generated energy,
long-term storage not before renewable electricity has reached a share of 80%.
• The degree to which flexibilities are needed depends strongly on the PV-wind generation mix. The
higher the geographical latitude, the bigger is the seasonal imbalance of PV power generation and the
higher is the wind component in an optimum PV-wind mix. In Denmark the optimum combination is 80%
energy from wind power, 20% from PV, in the Alpine Space, the ratio is rather 50:50.
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Example				
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
source: Vorarlberger Elektroautomobil Planungs-und Beratungs GmbH (VLOTTE)

Fig. 9

Tackling hot-spot charging demand with innovative storage in Vorarlberg

Energy stores are not grid-serving, that means optimising the balance of generation and demand, from the
outset. They serve the grid if they are charged when energy is abundantly available and discharged in the
opposite situation. An example for illustrating the latter is the following: let a single-family house be equipped
with a PV plant and a battery. The standard operation mode is to charge the battery whenever available
electricity is not used and the battery is not fully charged. Now, this leads very often to the situation that the
battery is full in the late forenoon and suddenly PV electricity starts being fed into the grid – at a time when
the grid needs to deal with large amounts of PV electricity anyway. A better way of using the battery is to feed
electricity into the grid in the early morning, even if the battery is not yet fully charged, and to use the battery
around noon for storing excess PV electricity, thus avoiding the problem of grid congestion around noon.
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3.4 Economic aspects of storage
3.4.1 Cost effects
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 kilowatthour (kWh) due to lithium-ion battery storage
will be 10 ct/kWh in 2020 and 5 ct/kWh in 2030.
Such low costs for renewable electricity, made dispatchable thanks to integrated and interconnected stores,
were not expected until recently. If they turn out to become reality, this implies that storage will play the decisive role in matching generation and demand in the future electricity supply system, and alternative flexibility
options will be needed much less. This is notably important in the context of grid extension planning, because
storage might avoid new or reinforced existing grid lines.

3.4.2 New markets and market activities
A general feature of renewable energy and storage technology is scalability. This means that installations can
be small or large. Their cost-effectiveness depends much less on the size of the installation than in the case
of conventional power plants. This allows a much larger range of ownership structures, including individual
citizens or citizen groups, than in the traditional electricity generation sector because investments are much
lower on the average. As a consequence, small local and regional banks or cooperatives can provide the
necessary finance. Operation, repair and maintenance, and all related services can also be provided by a
much larger range of companies, including individuals, craftsmen and SME.
In short: most renewables and storage technologies allow for a much broader range of economic players to be
involved in electricity supply and related services. This is the main reason for new markets and market activities emerging in the context of renewable energy and storage deployment. Another reason is the innovative
nature of these technologies which provide an opportunity for new market players to start economic activities.
More specifically in the field of storage, new markets and market activities are notably being developed in the
field of batteries. This includes established companies which expand their activities or become involved in
battery manufacturing and peripheral components as well as start-ups. The whole development is so quickly
going on that it is very difficult to make more specific statements even for the mid-term.
The following market activities can be imagined to play a larger role in the future than today and to be offered
by a range of different market players, notably SME:
• Self-generation of energy from renewable sources
• Operation of renewable energy systems owned by third parties and installed on third party premises
• Provision of grid services: balancing power, reactive power, black-start capability
• Provision of measurement services
• Provision of generation and demand forecasts
• Provision of generation and demand information and analysis, including recommendations for energy
and related cost savings
• Trade with small amounts of energy and power, e.g. on regional market platforms
• Operation of storage systems owned by third parties and installed on third party premises
• Renting/leasing and operation of storage systems that can be easily moved from one point to another
one, e.g. to follow flexibly the development of generation, demand and grid modifications in a grid area

3.4.3 Regional benefits
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,
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employment and income. Local storage can further increase the use of renewable energy from local sources,
thus enhancing these positive economic effects.
Example				
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; they 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 development of the charging station infrastructure, the promotion of use of electric vehicles
(EV) in the fleets, public and private, and at pushing forward for a quick harmonization of regulatons on installations at a 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.
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source: A.L.O.T. s.c.ar.l.

Fig. 10 Two maps of recharging infrastructure with storage options in the province of Brescia
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Small and medium-size enterprises (SME), including craftsmen, can benefit from storage development and
deployment through installation and maintenance, and partially also 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. All the market activities mentioned
above can be deployed at regional level and foster regional economy.
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.
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, Wildpoldsried in the Allgäu
or Morbach achieve a significant income from tourism related to their renewable energy installations. The
AlpStore project “PVStoreplusE-bike” was supported by the tourism organization of Oberstdorf who believes
that such technologies foster the sustainability of their offerings and the appreciation by their guests. The
renowned German travel guide publisher Baedeker 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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4

Strategies for the use of storage

Strategies for the investment in storage systems, might they be conceived for a private person, a company,
a grid operator or other, need to be robust with regard to changes occurring during the operation time of the
stores. They need to be flexible and adaptable for changing framework conditions. Strategies are more robust
if they aim at a wider range of objectives, such as:
• testing and gaining experience with technologies that may be needed in a few years
• establishing technologies in the region via development and deployment projects
• preparing the acceptance of technologies by showing them in real life environment
• effectively saving energy costs or gaining income from the use of stores right now or possibly in the near
future
The following chapters describe and discuss various use cases for storage which can be recommended for
repetition. Most of them have been showcases in AlpStore projects. Further guidance is provided in chap. 5.

4.1

Grid management with short term buffers

Every electricity supply system needs storage to match generation and 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 (turbines, generators and related
rotating components) provide short-term storage of electricity in form of rotational energy.
Renewable power generation from PV and wind power generators fluctuates, but 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 only between zero and the respective instantaneous maximum which depends
on solar irradiation 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.
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Example				
The pilot project T.E.A.M. (TechnoCity Energy Area Manager) 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 “Techno City Energy Area Manager” on the Alpstore Website.

source: Euroimpresa Legnano S.c.r.l.

Fig. 11 Using storage to stabilize the grid in Legnano

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 intelligence (measurement devices and automated control), and if generation and demand are made more flexible, 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. Longterm (seasonal) storage will even not be required until the renewable share has reached 80%. However,
bottlenecks already appear locally in distribution grids which storage might help to overcome. Once having
passed the 80% renewables threshold, the need for long-term storage will dominate. 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 photovoltaic 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.
The stability of the grid however requires short-term storage being installed right now. The issue is debated
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mainly in the context of PV- and wind power plant connections to the distribution grid, but also in the context
of electric mobility. A question is how it will affect the stability of the grid if several electric vehicles (EV) start
being charged at the same time. At this stage, the use of mobile storage in the current energy system does not
influence the grid much more than switching on or off any larger 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.
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 the 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 can
be less flexibly chosen.

4.2

Energy autonomy and autarky

Autarky (from the greek αὐτάρκεια, autarkeia) denotes self-sufficiency, autonomy (from the greek αὐτονομία,
autonomia) self-determination. Autarky in the field of energy supply means that an entity (energy using device, household, community, region, island) is fully supplied with energy made available for use within the
boundaries of the entity and without import of energy from outside the boundaries of the entity, neither via a
grid, a gas pipeline or any other import of an energy carrier not naturally reaching the entity. Energy autarky
is not contradicted by the import of onsite energy converters such as PV systems and wind power converters or their components from outside the entity. Energy autarky can be broken down to electricity, heat and
transport energy autarky.
It is helpful to distinguish between absolute and relative energy autarky. Relative autarky refers to an energy
supply system in which imports and exports of energy still take place with the surrounding regions. Being
autarkic in this case means that over a certain time period, usually a year, the amount of energy that is consumed in a region or local object (be it in households, industry, commercial use and depending on the definition also including the mobility sector) is equal to the amount of energy that is produced from regional and
local, renewable energy sources (such as PV, biomass, wind,...). However, as the connection to the energy
grid is upheld, energy exchange can be achieved with other regions or objects and the need for storage is
smaller than in the case of absolute autarky. In an autonomous region these energy exchanges are under full
control of the region. Specific means such as Generation Management, Demand Side Management or storage allow for optimizing the exchange schemes and maximizing regional benefit (see chap. 3.4).
For a region or town to be absolutely energy autarkic, it is necessary that the entire regional energy demand
is met exactly at the exact time when the energy is needed. Storage becomes inevitably necessary, as there
is no connection to the grid to balance mismatches.
In principle, batteries can provide full local electricity autarky. This happens in the case of off-grid 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 stores. 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 Europe, 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.
Some areas, such as very rural areas or islands, already function as fully autarkic energy cells, as their only
option to obtain security of supply with electricity is to make use of storage options or other generation methods that do not rely on the electricity grid.
In the case of villages or regions where different renewable energy sources can be combined, ideally with a
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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 absolute autarky is chosen.
Overall, storage is needed for projects and regions aiming for a high degree of energy self-sufficiency. As
mentioned above, these options need to be evaluated carefully, especially the decision for absolute autarky
should be elaborated in detail. Often energetic autonomy is be the better option. Together with local funding,
and the active (financial) participation of the local community, storage options can contribute to reaching this
goal.

Example				
Trojane is a small alpine village in Slovenia, where a PV_REDOX pilot project was implemented. Vanadium-redox
flow batteries were installed next to the Trojane restaurant, well-known for their delicious donuts that are prepared
using nature-friendly energy from a PV source. The installed storage units allow the restaurant to store the surplus
energy from a PV source during the sunny days and use this energy on cloudy days. It also enables peak shaving and power on failure functionalities, charging of electric vehicles from solar power plant (vehicles are charged
at night when not in use) and transfer of nocturnal energy in use during the day - cheaper energy during the day.
There is also a wide range of other functionalities that will be tested in the future with the development of the
project.

source: University of Ljubljana, Faculty of Electrical Engineering (UL FE)

Fig. 12 Vanadium-Redox Flow Batteries, PV power plant and EV charging station
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4.3

Power to heat: a ready to use technology

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 insolation 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 made 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 generation.
Among all mature storage technologies, sensible heat stores, 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				
In the city of Grafing in the Bavarian district Ebersberg a local energy supplier and grid operator installed huge water tanks to optimize management
of power and heat. Not only the technological aspects are important for
these storage projects. While in the pilot implementation two huge heat
stores are used to store surplus or cheap power, in the future such hot
water tanks will be used to better balance the local energy systems.
For further information, view the Case Study “Biogas and District Heating
in Grafing” on the AlpStore Website.

source: P+M Rothmoser GmbH&Co. KG

Fig. 13 Power to Heat in Grafing
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4.3.1 Intelligent use of biogas
Overall, biogas can only contribute a few percent of the electricity and heat needed to meet the demand of the
Alpine Space. Locally, the contribution can be significantly higher. When being equipped with gas and heat
stores, biogas plants can be operated in an electricity demand-driven mode, thus considerably reducing the
need for storage in the electricity system.
Larger than usual local biogas stores are an option if the consumption of biogas is locally not in pattern with
the production. In addition, they are an option if up-grading of 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 storage allows for instance
to operate a CHP more flexibly with stronger electricity and/or heat output variations.
As described in chap. 3.2.8, a heat store can allow for buffering differences between the heat generation and
demand (see the pilot case of Grafing) when the CHP is run in the electricity-led mode. However, there are
clear limits in the economic feasibility of better heat management. So often upgrading biogas to methane,
transporting it in the existing natural gas grid and storing it in existing natural gas reservoirs may be the better
option. Where natural gas grids do not exist or long pipelines would have to be installed to connect it the
natural gas grid, yet another options evolves: the biogas grid. Güssing in the Burgenland (Eastern Austria) is
a forerunner in establishing such grids that transport biogas to individual households or enterprises. There
latest technology heating systems or CHPs use “raw” biogas as a fuel. This might be an option in the case
where the biogas is produced further away from a village and transporting heat to homes and other facilities
using a district heating network would result in large distribution losses.
Example				
In Güssing in the 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 cost-effectively connected to this grid. The distribution losses would be too high. 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. The adaptation is necessary, because biogas has a
lower calorific value than natural gas for which commercial burners are conceived.
To stabilize the pressure in the biogas 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.

source: European Centre for Renewable Energy (EEE)

Fig. 14 Combining a grid extension with storage options for biogas in Burgenland
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4.3.2 Smart homes with storage
Smart Homes are very attractive for their owners. They manage their energy consumption to their optimum,
they provide specific services such as shutting the sun blinds if needed and opening the door of the garage
when people come home. Information and Communication Technology (ICT) is being used in the form of
Building Control Systems or Home Energy Management Systems. With various ICT extensions Smart Homes
can become valuable objects in a Smart Grid. 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. In that project first examples of adding storage to smart homes have been shown.
Basically, storage systems have two roles in smart 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 stores.
Example				
Within the pilot project PVStoreplushome 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 self-sufficiency. 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 “PVStoreplushome” on the AlpStore Website.

source: energy and environmental centre allgaeu (EZA)/ Allgäuer Überlandwerk GmbH (AUEW)

Fig. 15 Increasing energy-self-sufficiency in Oberallgäu
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While achieving energy autarky in Alpine regions with photovoltaic systems and batteries is difficult, achieving a higher degree of self-sufficiency of buildings can be reached very well with the installation of in-house
energy storage. In Germany, the price per kWh that operators of residential PV systems receive for electricity
fed into the grid has decreased significantly in recent years. At the same time, the purchasing price of electricity has increased. Therefore the financial benefits of selling PV electricity to the grid have become lower
and the benefits of self-consumption higher. However, PV power is not always produced in pattern with the
consumption. A storage system can be used to fill this gap by buffering the excess energy in times of high
production and release the energy when it is needed.
That leads to a challenge for the grid operator of the future. While home owners will obviously operate their
storage systems to maximise their autonomy or income, such behaviour may negatively influence the grid
operation schemes. This is why an increasing number of utilities consider offering services such as operating
local storage in private homes or for city quarters. Home owners benefit from less risks and investment and
the grid operator can operate the system so it supports rather than jeopardizes grid management.
Example				
In Mantova in northern Italy, a movable stationary 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 stores 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.

source: AGIRE

Fig. 16 Renewable energy storage for mobility in Mantova
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4.4

Integration of sustainable mobility, energy storage and intelligent grids

Storage is best considered as part of a system, not as a system standing for itself. This is why an integral view
on mobility, storage, and grids is extremely important when considering storage options for the future energy
system. Electric cars are only truly sustainable if the energy for charging comes from renewable energy systems (RES), such as wind or solar. For example, a wind turbine with three MW peak power can charge about
830 one-phased electric vehicles (3,000 kW / 3.6 kW) or about 135 three-phased electric vehicles (3,000 kW
/ 22 kW). However, electricity from renewable sources is mainly volatile and generally not generated exactly
when electric vehicle owners want to charge their batteries. This implies that renewable electricity for charging might be lacking when it is needed or be too abundantly available at other times. Using renewable electricity immediately for vehicle charging whenever available can be detrimental to the batteries. For instance,
the durability of batteries can be damaged when they are heated up and immediately charged up again at
full load. Vice-versa, the grid might also be negatively affected. For instance, the capacity of the electric grid
might reach its limits when too many electric vehicles are charged at the same time.
The effects of electric mobility on the electricity grid depend on charging modes (as shown in Table 23).
If the electric vehicles are charged when electricity is abundantly available and cheap, and at a rate that is
not negatively affecting the batteries, this has advantages for grid operators and the vehicle owners: The
grid operators can purchase electricity a lower costs or avoid the purchase of balancing power. If the vehicle
owners are remunerated for flexible charging, the additional income can cover a part of the costs of the still
relatively expensive batteries.

50

Stationary and Mobile Storage in Renewable Energy Systems of
the Alpine Space · Guidelines for Planners and Practitioners

Example				

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 components ran with an operation
algorithm to maximize self-consumption,
hence requiring the minimum supply from
the grid.
Moreover a demand side management
system has been set up to inform the user
when an energy surplus occurred. This information has been used to manage the recharge of the EV.
Eventually, through the use of a mathematical model, the diffusion of the Smart Node
into the distribution grid has been simulated. The results showed that efficiently
using storage reduces the need for power
from the grid, decreasing the dependency
and, at the same time it lowers the noise
towards the grid given by the fluctuation of
the RES power and the user load.

The Smart Node Architecture (above) and some
EVs charging (below)

Thanks to its representative location at a
SME, this project is exemplary for similarsized enterprises, showing a high potential
for further implementations.
For further information, view the Case
Study “Smart Node” on the AlpStore Website.
Note: * in the Smart Node the EV charging
has been run in the AC/DC mode
Source: Autonomous Region of Valle d’Aosta (AOSTA)

Fig. 17 Storage serving multiple goals in Aosta
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The Vehicle to Grid (V2G) concept goes one step further. V2G means that electric vehicles are used as energy storage in a smart grid. In this concept, the battery of an e-car is not only charged when the price is
low (for example at night) or an overproduction of electricity is in place (e. g. at high noon from PV), but also
discharged, when the price for electricity is high or the offer of electrical energy cannot satisfy the demand.
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
process 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.
V2G also makes it possible to integrate billing concepts. Today, the conventional charging at a public charging station does not provide means for automatically billed charging. Due to all these disadvantages the automotive industry, manufactures of charging stations and grid operators are working on concepts for “Smart
Charging”, where the charging station communicates with the charging control device of the electric vehicle.
Table 23, Different types of charging modes
source: Thomas Bürkle, state 2014
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

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. In
Europe, a group of experts is currently working on the ISO/IEC 15118 standard to unify “Smart Charging”. In
this standardisation, all major actors are represented, such as energy providers or components manufacturers. The ISO/IEC 15118 standard is made up of three parts and defines the functions for the communication
of the various layers according to the OSI-model.
Part 1 deals with the application, part 2 deals with the layers 3-7 and describes the technical protocols. Part
3 deals with the physical and connection requests to the bit transmission layer and data link layer (DLL). The
ISO/IEC 15118 standard describes aspects of the active charge control, power input and the spontaneous
adjustment of the charging process to avoid overloading the grid. ISO/IEC 15118 promotes the power-line
communication (PLC). Another important point is that the protocol also works for DC-charging. This avoids
the need to foresee two connectors for AC and DC-charging.
As a long-term goal, the support for inductive charging is defined in ISO/IEC 15118. The protocol layers are
designed so that they can be used on many transmission means. In this context, a significant advantage on
the vehicle side is that only one protocol must be implemented. With an increasing spread, a uniform “Smart
Charging” concept is necessary to integrate electric vehicles into the grid in a sustainable way.
It also offers the customers added value by performing the charging process reliably and safely. After all, it is
necessary to structure the public charging configuration as customer-friendly as possible. The international
standard ISO/IEC 15118 unifies the used technologies, so that users profit from the same comfort at least at
any European charging station in the future.
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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 tested, and related benefits for hut owners and tourists have been evaluated, on the Buchrainer Alpe
in the Allgäu-area in Bavaria. The storage system
comprises 12 used e-bike batteries that are permanently 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 batteries 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 connected to the main grid and therefore relies completely 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, Information 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 actors, allow for transfer of much larger amounts of data in much short time than it was required in the conventional 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 enabling 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 dynamically 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 potentially 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 intended for an entire fleet of individual mobile storages 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 involving 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 engagement 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 renewable 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 support 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 transition. 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 sustainable, 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 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 implement 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 workflow 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 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 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 technical and economical storage potentials
and the real potentials. The latter depend
on questions of acceptance and the will of source: Covenant of Mayors
the local society and decision makers to
Fig. 22 The continuous improvement process of SEAP
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
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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 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. 5.3). Many of such measure have been proven feasible in the pilot
implementations of the AlpStore partners.
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5.3

Short-term “non-regret” options for Alpine regions

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

5.3.1 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 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.

investigate future regional generation
and consumption patterns

investigate storage needs and assess
regional storage potential

create a master plan for RES use and
storage until 2030

• Set up local/regional support programmes for storage
technology, e. g. for battery stores in PV plants.

5.3.2 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.

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

Fig. 23
The STORM step-bystep approach to a holistic regional
energy transition

• 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.

5.3.3 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 stores 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.
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• 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
replacing 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
avoid him extending or reinforcing the electric grid.
• 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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