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Introduction 

This report provides an overview of the main dissemination activities of the stoRE project. The 
awareness raising and information dissemination has overall been very successful due to the 
communication strategy implemented and the dedication of all partners involved. All consortium 
members have made full use of their networks and every opportunity they had to communicate to 
the main target groups and the general public about the project and its results. 

During the lifetime of the project, detailed records have been kept of every dissemination activity 
including online and newspaper articles, mentions in newsletters and websites, radio interviews, 
leaflet distribution and project presentation in relevant conferences and workshops.  The primary 
measure of the effectiveness of the dissemination activities is the number of visits to the project 
website that has exceeded our target. Overall, the project has managed to improve understanding 
among key stakeholders and the general public of the benefits that additional energy storage 
capacity can bring to the energy systems of Europe and the way that this can be achieved. 

The present document provides a comprehensive summary of the communication activities 
throughout the lifetime of the project; these have been grouped under four main categories: Online 
Presence & Mass Media, Participation to Events and of course Project Website. 
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1. Project Website 

The project’s website has received a total of 16,360 visits from its launch on 7 September 2011 till 
the end of the project on 30 April 2014, from which 10,907 were unique visitors. Therefore the goal 
set at the beginning of the project has been surpassed by 6,360 visits. The average time a visitor 
spent on the website is 2:47 minutes, which given the structure of the webpage and the fact that 
most material in it is downloadable is very positive. 
 

 
 

The sources of traffic also indicate the good results 
of the dissemination work. While the number of 
people who landed on the project website through 
search engines is high (6,159 – 37,6%) most of the 
project visitors (10,201 – 62,4%) either directly 
typed the stoRE website address or clicked on a 
link in a relevant article, partner website or social 
media. In other words these 10,201 people were 
reached directly through the project dissemination 
activities, either from the links provided on partners’ 
websites, the direct e‐mailing, the leaflets 
distributed and the articles published. 
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2. Online Presence & Mass Media 

The stoRE project was effectively promoted via on-line tools. The information provided in our 
partner’s newsletters, press releases and in our website was further distributed to several on-line 
publications, news agencies and on the websites of other projects and organisations. Moreover the 
visibility of the project gained significantly from the use of social media tools, in fact a LinkedIn 
account was created and news were posted on twitter. Finally it is important to mention that since 
there is no actual way to monitor all possible mentions of the project throughout the web, the 
figures presented in this section of the report could be much higher. 

 

Radio Interview: 

A one-hour radio interview with Karl Anton Zach from the Energy Economics Group of Vienna 
University of Technology took place on 18/12/2013 on the Wissenschaft session of the ORF 
Österreich 1 Campus Radio. The discussion focussed on the Austrian mix of power plant types, 
the distribution of base and peak load, development and modelling, energy storage in pumping 
power plants, alternative methods of energy storage, the policy framework and experience 
exchange with the rest of Europe. The interview can be found under this link: 

http://www.physikalischesoiree.at/archives/2869 

 

E-Newsletters: 

A total of four e-newsletters mentioning and promoting the project were created and distributed to 
6500 recipients of ESHA’s network which serves as a platform for stakeholders in the hydropower 
field by providing its members with key information and briefings on EU policies and legislation, by 
promoting networking among hydropower stakeholders and by creating synergies within the 
renewable energy and other relevant sectors. The newsletters can be accessed under the 
following links and are also provided in the annexes section of this report. 

 

DATE 
TOPIC OF THE 

MAILSHOT 

NR. OF 

RECIPIENTS 
REFERENCE WEBSITE 

2/5/2013 
ESHA Newsletter 

May 2013 
6500 

www.esha.be/fileadmin/esha_files/documents/publications/newsletters/Newsletter_M
ay_2013.pdf  

21/12/2012 
ESHA Newsletter 
December 2012 

6500 
http://www.esha.be/fileadmin/esha_files/documents/publications/newsletters/ESHA_

Newsletter_December_2012.pdf 

21/5/2012 
ESHA Newsletter 

May 2012 
6500 

http://www.esha.be/fileadmin/esha_files/documents/publications/newsletters/ESHA_
Newsletter_hidroenergia2012.pdf  

6/1/2012 
ESHA Newsletter 
December 2011 

6500 
http://www.esha.be/fileadmin/esha_files/documents/publications/newsletters/ESHA_

Newsletter_2011_December.pdf 
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Online Articles & Press releases:  

The stoRE project was widely publicised in a variety of web pages, e-zines and online news sites.  
A total of 30 online appearances were recorded. Below a table listing all project appearances in 
affiliated websites is provided. Links to the articles are provided in the following table whereas the 
full articles can be found in the annexes section of this report. 
 

DATE  NAME OF MEDIA PARTNER REFERENCE WEBSITE OTHER 

15/11/2011 Ingenieurspiegel HSU http://www.publicverlag.com/produkte/index.html 

Energiespeicher ermöglichen eine 
sichere und nachhaltige 

Energieversorgung mit hohen Anteilen 
fluktuierender Energie 

1/2012 
ERI Annual 
Report 2011 

UCC 
 

Comment: The print run for the report 
is 150 copies and electronic copies are 

sent to about 200 additional people. 

12/2012 New Energy ESHA http://www.newenergy.info/ 

Bulk energy storage – Policy-makers, 
we need you! Length: 465 words 

12/2011 Ingenieurspiegel HSU http://www.publicverlag.com/produkte/index.html 

Die Energiewende braucht geeignete 
politische und marktregulatorische 

Rahmenbedingungen für 
Energiespeicher 

19/12/2012 Energiasalv - 
http://energiasalv.ee/ilmus-ulevaade-energia-

salvestusvoimalustest 

Ilmus ülevaade energia 
salvestusvõimalustest 

21/7/2013 
Κυριακάτικη 

Ελευθεροτυπία 
NTUA http://www.enet.gr/?i=news.el.article&id=375458 Από την παραγωγή στην κατανάλωση 

30/8/2013 
www.innovaticias.

com 
CENER 

http://www.innovaticias.com/tecnologias/17662/n
oticia-innovacion--tecnologias-almacenamiento-

energias-renovables-debate-cener 

Energías renovables: Las tecnologías 
de almacenamiento de las energías 

renovables a debate en CENER 

30/8/2013 
www.ecoticias.co

m 
CENER 

http://www.ecoticias.com/energias-
renovables/82629/noticia-medio-ambiente-

tecnologias-almacenamiento-energias-
renovables-debate-CENER 

Energías renovables: Las tecnologías 
de almacenamiento de las energías 

renovables a debate en CENER 

4/9/2013 
Energías 

Renovables 
CENER 

http://www.energias-
renovables.com/articulo/pamplona-se-
convertira-en-octubre-en-la-20130904 

Pamplona se convertirá en octubre en 
la capital europea del almacenamiento 

de energía 

4/9/2013 Energy News CENER 
http://www.gba.es/cener/20130904/20130904-

1222.pdf  

Las tecnologías de almacenamiento a 
gran escala a debate en CENER 

4/9/2013 REVE CENER 
http://www.gba.es/cener/20130904/20130904-

1538.pdf  

Energías renovables: Almacenamiento 
de la eólica y la energía solar 

fotovoltaica 

5/9/2013 es.paperblog.com CENER 
http://es.paperblog.com/industria-tampoco-

quiere-que-los-autoconsumidores-almacenen-la-
energia-que-generen-2071764/  

Energías renovables: Cuaderno de 
Bitácora de la Crisis: Industria 

tampoco quiere que los 
autoconsumidores almacenen la 

energía que generen 

5/9/2013 
Energías 

Renovables 
CENER 

http://www.energias-
renovables.com/articulo/industria-tampoco-

quiere-que-los-autoconsumidores-almacenen-

Industria tampoco quiere que los 
autoconsumidores almacenen la 
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20130905  energía que generen 

9/9/2013 ESEFICIENCIA CENER 
http://www.eseficiencia.es/noticiasDetalle.aspx?i

d=5019&c=1&idm=5 

Las tecnologías de almacenamiento a 
gran escala serán debat idas en una 
jornada organizada por CENER el 

próximo mes de octubre en Pamplona 

12/9/2013 CONSTRUIBLE CENER 
http://www.construible.es/noticiasDetalle.aspx?i

d=14256&c=1&idm=5 

Energías renovables: Las tecnologías 
de almacenamiento de las energías 

renovables a debate en CENER 

29/9/2013 
Energetyka 

Wodna 
ESHA http://www.energetykawodna.info/ostatni.html 

Debata na temat energetyki wodnej 
podczas Europejskiego Tygodnia 

Zrównoważonej Energii 2013 

11/10/2013 
www.ecoticias.co

m 
CENER www.ecoticias.com 

CENER. Jornada sobre tecnologías de 
almacenamiento para energías 

renovables 

14/10/2013 Energy News CENER 
http://www.energynews.es/cener-organizo-una-

jornada-de-debate-sobre-las-tecnologias-de-
almacenamiento-a-gran-escala-en-espana/ 

CENER organizó una Jornada de 
debate sobre las tecnologías de 

almacenamiento a gran escala en 
España 

12/2013 Built Environment UCC http://www.be-ireland.info/index.html 

Energy Storage: Does Ireland need 
more storage? 

12/2013 
Energetyka 

Wodna 
WIP 

https://drive.google.com/file/d/0B3aAByX0wj2_S
GVuSXN3S21ZcGs/edit?usp=sharing 

Ułatwienia w magazynowaniu energii 
dla szybkiego rozwoju energii 

odnawialnej 

4/12/2013 
Website of 
Technische 

Universität Wien 
EEG 

http://www.tuwien.ac.at/de/aktuelles/news_detail
/article/8545/ 

Ein höherer Anteil an Alternativenergie 
erhöht auch den Bedarf an  

Speicherkraftwerken. An der TU Wien 
wurden Szenarien bis 2050  

durchgerechnet: Österreich ist in einer 
deutlich besseren Situation als  

Deutschland. 

4/12/2013 Windkraft-Journal EEG 
http://www.windkraft-

journal.de/2013/12/04/herausforderung-
alternativenergie-braucht-speicherkraftwerke/ 

Herausforderung: Alternativenergie 
braucht Speicherkraftwerke 

16/12/2013 econews NTUA 
http://www.econews.gr/2013/12/16/antlisiotamie

usi-ape-109480/  

Αντλησιοταµίευση 1GW για επίτευξη 
του στόχου των ΑΠΕ ως το 2025 

16/12/2013 energypress NTUA 
http://www.energypress.gr/news/Monades-

antlhsiotamieyshs-1-GW-apaitoyntai-gia-thn-
yposthrixh-twn-APE-ews-to-2025  

Μονάδες αντλησιοταµίευσης 1 GW 
απαιτούνται για την υποστήριξη των 

ΑΠΕ έως το 2025 

18/12/2013 
ORF Österreich 1 

Campus Radio 
EEG 

http://www.physikalischesoiree.at/archives/2869
#!  

Energiespeicher 

1/3/2014 
Σύγχρονη Τεχνική 

Επιθεώρηση 
NTUA 

http://www.technicalreview.gr/index.php?option=
com_content&task=view&id=2030&Itemid=1 

Αποθήκευση ενέργειας στο ηλεκτρικό 
σύστηµα της Ελλάδας 

3/3/2014 JuraForum HSU 
http://www.juraforum.de/wissenschaft/intelligent

e-energie-fuer-europa-471078  

Intelligente Energie für Europa 

4/3/2014 

Internationales 
Wirtschaftsforum 

Regenerative 
Energien (IWR) 

HSU http://www.iwr.de/news.php?id=25755 

Studie: Druckluft-Speicher besser als 
Pump-Speicher 
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4/3/2014 SolarServer HSU 

http://www.solarserver.de/solar-
magazin/nachrichten/aktuelles/2014/kw10/wisse

nschaftler-haben-ideale-energiespeicher-
infrastruktur-fuer-die-energiewende-in-europa-

untersucht.html 

Wissenschaftler haben ideale 
Energiespeicher-Infrastruktur für die 
Energiewende in Europa untersucht 

5/3/2014 SonnenSeite HSU 
http://www.sonnenseite.com/Aktuelle+News,Inte

lligente+Energie+fuer+Europa,6,a27968.html 

Intelligente Energie für Europa 

9/2014 Ανεµολόγια NTUA 
 

Αποθήκευση ηλεκτρικής ενέργειας για 
υποστήριξη µεγάλης διείσδυσης ΑΠΕ 

στην Ελλάδα 

 

Social Media: 

The use of social media is nowadays a must for all successful communications strategies, for this 
reason the project made use of tools such as LinkedIn, Youtube, Vimeo and Twitter. The project’s 
“Energy Storage & Grid Technologies” LinkedIn group was created on the 4th of December 2011 
aiming at raising discussion on the issue of accommodating higher percentages of intermittent 
renewable energy with an integrated approach that includes energy storage, grid reinforcement 
and demand management. The group can be visited under this link: 

https://www.linkedin.com/groups?home=&gid=4202957&trk=anet_ug_hm&goback=%2Eanb_4202957_*2_*1_*1_*1_*1_*1 

 

The group brings together 833 relevant stakeholders including experts in the critical knowledge 
sectors, the renewable energy industry, the energy storage & grid technology industry, 
transmission and distribution system operators (TSOs and DSOs), utilities, policy makers, decision 
makers and regulators as well as environmental groups and end-users. 
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As for YouTube, where the project’s promotional video has been posted, up to the 30th of April 
2014 it gathered a total of about 1500 views. The video has been embedded on the homepage of 
the project and can be viewed under the following link: 

https://www.youtube.com/watch?v=k6oCz9M0JY0 

 

 

 
The video was also uploaded on Vimeo in order to make use of relevant channels through this 
channel, too. Until 8 May 2014 the video has been viewed 567 times. The video can be viewed 
under this link: http://vimeo.com/81123675 
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The project also made use of Twitter for promoting the Irish dissemination activities and 
participation in the IWEA conference 2014. 
 

DATE  TOPIC OF THE MAILSHOT TARGET GROUP 
NR. OF 

RECIPIENTS  
REFERENCE WEBSITE 

27/03/2014 
Visit stoRE at IWEA annual 

meeting 
UCC's + IWEA's followers (re-

twitted) 
77 + 2250 = 

2327 
https://twitter.com/uccwindenerg
y/status/449214237488201728  

27/03/2014 
EU energy store project 

meeting tomorrow in Dublin 
Media HQ's followers 1662 

https://twitter.com/mediahqnews/
status/449258882645639168  

27/03/2014 
EU energy store project 

meeting tomorrow in Dublin 
Galzac's followers 530 

https://twitter.com/Galzacs/status
/449258882456879104  
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3. International Events 

The stoRE project was represented in 69 relevant European and international events. The list provided here gives an overview of these 
events, their dates and the name of the partner present there. In all possible occasions leaflets of the project were distributed while in 
many of them the project was also presented. 

 

DATE  LOCATION TITLE OF EVENT WEBSITE 
stoRE 

INVOLVEME
NT 

NR. 
LEA
FLE
TS 

PARTNE
R 

PRESEN
T 

NR. 
PARTICIPA

NTS 
TARGET GROUP OTHER COMMENTS 

25/3/2011 
Brussels, 
Belgium 

1st Meeting of the 
Pumped Hydro Working 

Group of the Hydro 
Equipment Assosiation 

 

Participation, 
Presentation 

N/A WIP 
   

26/9/2011 
Brussels, 
Belgium 

Hydro in Europe: 
Powering Renewables 

http://world-water-
forum-2012-

europa.eu/IMG/pdf
/Programme_Hydr
o_conference.pdf  

Participation, 
Networking, 

Leaflets  

WIP and 
MWP   

Organised by Eurelectric 

29/9/2011 
Frankfurt, 
Germany 

VDE ETG Task Force 
Energy Storage  

Participation, 
Presentation  

HSU Around 30 Universities and utilities 

It was a meeting of the task force Energy storage of the 
German association of electrical engineers. The aim was 
to develop strategies for energy storage and to exchange 

information about ongoing projects in the field. The 
project stoRE was presented at the meeting and the task 

“calculating energy storage needs” was discussed. 

17-
19/10/2011 

Prague, 
Czech 

Republic 

HYDRO 2011 
Conference and 

Exhibition 

http://www.hydrop
ower-

dams.com/pdfs/FB
_2011.pdf  

Participation, 
Leaflets 

250 ESHA 1300 

Global hydropower sector, 
ranging from NGOs, 

governmental bodies, 
manufacturers, producers, 

etc. 

Distribution of leaflets included not only having the 
brochures at the ESHA stand, but as well, we had put 
them on the seats before the start of Sessions and on 

tables in all conference rooms. 

9-12/1/2012 
Nashville, 

Tennessee, 
USA 

50th AIAA Aerospace 
Sciences Meeting 
including the New 

Horizons Forum and 
Aerospace Exposition 

http://www.aiaa.or
g/uploadedFiles/E
vents/Conferences

/2012-50th-
AerospaceScience
sConference/Prom
otional_Materials/1

1-
0059_final%20AS

Participation, 
Leaflets 

5 UCC 
  

There was a significant presence from the US wind 
energy research sector, particularly NREL. The focus was 
mainly on wind turbine control and aerodynamics rather 

than grid integration. 
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M%202012%20CF
P-w.pdf  

29/2/2012 
Luxembourg 

City, 
Luxembourg 

Evaluating the Techno-
Economic Feasibility of 

ES systems 

http://v11.vuturevx.
com/exchange-

sites/Whitmore%2
0Group/59/events-

pdfs-eu/ees2-
agenda-

marketing.pdf  

Participation, 
Presentation, 

Leaflets  
CENER 

 

senior executives from 
power generation, TSOs, 

DNOs, utility companies as 
well as technology 

providers and academia 

http://v11.vuturevx.com/exchange-
sites/Whitmore%20Group/59/missing-presentations-

eu/pres-raquel-garde-aranguren-%28updated%29.pdf  

14/3/2012 
Marseille, 

France 

6th World Water Forum - 
Sustainable hydropower 

session 

http://world-water-
forum-2012-

europa.eu/spip.ph
p?article207&lang
=en&var_mode=ca

lcul  

Participation, 
Leaflets 

150 ESHA 35000 

15 heads of State, of 
governments and European 

Commissioners; 173 
represented countries; 103 
Ministers, Vice-Ministers 
and Secretaries of State; 
170 national delegations 

and international 
organisations taking part in 
the Ministerial Declaration 

Selected distribution during high level hydropower 
session (distribution of leaflets on seats of the session) 
and round table discussion (distribution of leaflets and 

short introduction of project) 

2-3/4/2012 
Petten, the 

Netherlands 
JRC PHES workshop 

 

Participation, 
Presentation, 

Leaflets 
19 UCC 33 PHES developers WP3 RT discussion 

18/4/2012 
Copenhagen, 

Denmark 
EWEA 2012 Annual 

Event 

http://events.ewea.
org/annual2012/co
nference/program

me/ 

Participation, 
Presentation, 

Leaflets  
EMD 

 

Policy-makers and key 
industry figures 

Presentation on “Proactive participation of wind turbines 
in the balancing markets” 

25/4/2012 
Brussels, 
Belgium 

EURELECTRIC's 
Workshop on Electricity 

Storage 

http://www.eurelec
tric.org/Dev/Eurele
ctric2011/upcomin

g_events.html#  

Participation, 
Leaflets  

ESHA 100 
Various stakeholders 

interested in storage issues 

This half-day workshop was dedicated is to discuss 
electricity storage from a policy-making, industrial and 

research point of view. 
A first session focused on the role of small-scale energy 
storage and the services and applications it brings to the 

electrical system to meet future needs. 
A second session was dedicated to hydro and pumped 

storage. It assessed the flexibility capabilities of pumped 
storage, reviewed its untapped potential in Europe and 

looked at the main regulatory challenges which are 
currently hampering an optimal operation of pumped 

storage. 
Many issues on storage were raised but no real 

conclusions were reached. 
The stoRE project was mentioned during the public 

discussion and leaflets were made distributed. 

11/5/2012 Florence, Italy 
European Energy Market 

Conference EEM12 
http://eem12.org/  

Participation, 
Presentation, 

Leaflets 
15 EEG 

 

About 20 members of the 
scientific community / policy 

makers / utilities / 
developers etc. 

Presentation within the concurrent session “Storage 1” of 
the European Energy Market conference with the title: 

“Bulk Energy Storage versus Transmission Grid 
Investments: Bringing Flexibility into Future Electricity 
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Systems with high Penetration of Variable RES-
Electricity”. After a brief description of the stoRE project, 
Karl Zach (EEG) presented the methodology and some 

outcomes of the analysis made in task 2.3 (work package 
2) of the stoRE project. The presentation was well 
accepted and some aspects of the project and the 

analysis were briefly discussed afterwards. 

13/5/2012 
Dublin, 
Ireland 

World Congress on 
Water, Climate and 

Energy 

http://iwa-
wcedublin.org/wp-
content/uploads/20

12/02/IWA-
MONDAY-14TH-
MAY-as-of-1st-
Feb-2012.pdf  

Participation, 
Poster & Oral 
Presentation, 

Leaflets 

10 UCC 
  

There was some interest in the poster from US and 
Australian delegates, but not much from EU delegates. 
The poster session was poorly attended due to its being 

scheduled at lunchtime. 
At the oral presentation, one of the other presenters 

(Macarena Urena Mayenco of CENTA, Seville, Spain) 
commented on the El Hierro (Canary Islands) 

wind/energy storage project, currently under construction. 
There was a workshop on “Linking research to policy and 
climate change adaptation strategies in the EU”. This was 

relevant to the stoRE dissemination efforts. Experience 
from the WaterDiss project (www.waterdiss.eu), 

presented by Darla Nickel of Ecologic, looks useful. One 
recommendation was to make sure that the dissemination 

timetable fits in with the timetables of the relevant EU 
working groups. The target groups at EU level are all 

small and focussed and therefore easily targeted. 

23/5/2012 
Brussels, 
Belgium 

Round Table Event 
alongside the Green 

Week 2012 

http://www.store-
project.eu/news/en
_GB/2012/05/28/re

adabout/round-
table-on-the-

assessment-of-
the-environmental-

impacts-of-
pumped-hydro-

energy-storage-1  

Participation, 
Presentation, 

WP3 
Consultation, 

Leaflets 
 

MWP, 
UCC, 
WIP 

11 
  

24/5/2012 
Wrocław, 
Poland 

Hidroenergia 2012 
http://2012.hidroen

ergia.eu  

Participation, 
Presentation, 

WP4 
Consultation, 

Leaflets 
 

WIP, 
CENER, 

HSU, 
ESHA 

   

13/6/2012 Rome, Italy Energy Storage Forum 

http://www.energy
storageforum.com/
europe/programm

e 

Participation, 
stoRE 

mentioned in 
a panel 

discussion 
 

CENER 
   

16/6/2012 
Karlsruhe, 
Germany 

VDI Conference on bulk 
energy storage  

Participation, 
Presentation  

HSU 120 Universities and utilities 
It was a conference of the German association of 

engineers about bulk energy storage. New concepts and 
ideas have been presented. In this context the stoRE 
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project was presented and first approaches on the 
calculation of the energy storage needs were highlighted. 

19/6/2012 
Brussels, 
Belgium 

Round Table Event 
alongside the Sustainable 

Energy Week 

http://www.store-
project.eu/news/en
_GB/2012/06/29/re
adabout/sustainabl

e-energy-week-
round-table-on-
energy-storage-
the-european-

regulatory-market-
framework-
conditions  

Participation, 
Presentation, 

WP4 
Consultation, 

Leaflets 
 

CENER, 
ESHA, 

WIP 
11 

  

28-
29/6/2012 

Brussels, 
Belgium 

IEE Contractors' meeting 
 

Participation, 
Presentation, 

Leaflets 
10 WIP 10 

Nominated representatives 
of IEE projects 

The objectives of this event were to take stock of what is 
being achieved in a series of IEE projects, by exchanging 

experience and results achieved in the area of RES 
Electricity (RES-E) and to collect views on future needs in 

order to help formulate priorities for the future IEE 
programme. 

11/9/2012 Venice, Italy 
12th IAEE European 
Energy Conference 

http://www.iaeeu2
012.it/  

Participation, 
Presentation 

20 EEG 
  

Karl Zach (EEG) gave a presentation within the 
concurrent session “Energy Storage – General Aspects” 
of the IAEE European Energy conference with the title: 
“Contribution of Bulk Energy Storage and Transmission 
Interconnectors to Mitigate Variability Caused by Large-

Scale RES-Electricity Generation in Future Energy 
Systems”. After a brief description of the stoRE project, 

Karl Zach (EEG) presented the outcomes of the analysis 
made in task 2.3 (work package 2) of the stoRE project. 

The presentation was well accepted and some aspects of 
the project and the analysis were briefly discussed 

afterwards. 

8/10/2012 
Vienna, 
Austria 

Technologien zur 
zentralen Speicherung im 
Stromversorgungssystem 

http://www.energie
institut-

linz.at/index.php?
menuid=60&repor

eid=208  

Participation, 
Leaflets 

30 EEG 50 

Members of the national 
(Austrian) scientific 

community / policy makers / 
utilities / developers etc. 

The expert-workshop (in German) “Technologien zur 
zentralen Speicherung im Stromversorgungssystem” 
focusing on bulk electricity storage technologies was 

organized by Energy Economics Group (EEG) as part of 
a national project („Wasserkraft als Energiespeicher“). 
Karl Zach (EEG) distributed 30 project leaflets in the 

meeting room / to the participants. 

16-
17/10/2012 

Kiev, Ukraine 
Renewable Energy 

Forum 2012 

http://www.ibcentr
e.org/#!home-
english/ceq2 

http://en.interfax.c
om.ua/news/press-
release/120668.ht

ml 

Presentation, 
Leaflets 

250 ESHA 250 
Policy makers, developers 
manufacturers, investors 

and researchers 
Presentation and Leaflets 

29- Bilbao, Spain HYDRO 2012 http://www.hydrop Participation, 100 ESHA 1000 Policy makers, developers Leaflets were distributed in several sessions on 
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31/10/2012 Conference and 
Exhibition 

ower-
dams.com/pdfs/Bil

bao_2012.pdf  

Leaflets manufacturers, investors 
and researchers 

Hydropower Storage issues. 

6/11/2012 
Brussels, 
Belgium 

EASE 1st Annual 
Reception 

http://www.ease-
storage.eu/events.

html 

Participation, 
Leaflets  

ESHA 
   

13/11/2012 
Berlin, 

Germany 

7th International 
Renewable Energy 

Storage Conference and 
Exhibition (IRES 2012) 

http://www.eurosol
ar.de/en/index.php
?option=com_cont
ent&task=view&id
=520&Itemid=143  

Poster 
presentation, 

Leaflets, 
Reports 

 
HSU >600 

Experts, policy makers, 
developers 

etc. from more than 40 
countries 

Poster presentation of the stoRE project and the 
methodology of WP 5 and WP 3. Distribution of leaflets 

and reports. 

14/11/2012 
Brussels, 
Belgium 

EUFORES Advisory 
Committee  

Participation, 
Presentation 

20 ESHA 16 
 

Recent developments in the small hydropower sector and 
main findings from the stoRE project 

15/11/2012 Milan, Italy 
Stakeholder meeting of 

GridTech project  

Participation, 
Presentation  

WIP 25 
TSOs, managers, 

professionals, academia 
Presentation of stoRE work within WP2 

15-
16/11/2012 

Seville, Spain 

IPHE Workshop 
Hydrogen – A competitive 
Energy Storage Medium 
to enable the large scale 
integration of renewable 

energies 

http://www.iphe.ne
t/events/workshop
s/workshop_2012-

11.html 

Poster 
presentation  

WIP 
 

Managers, professionals 
and high level officials from 

across the fuel cells and 
hydrogen value chain, utility 
companies, operators of the 

electricity system, 
technology developers and 
suppliers, regulators, policy 

makers, investors, and 
international organisations 
involved in activities related 

to energy storage, smart 
grids, and renewable 

sources. 

The participation was cancelled because of strikes in 
Spain. However, the poster did arrive and was presented 

in the workshop 

30/11/2012 
Brussels, 
Belgium 

HyUnder project launch 
Conference 

http://www.hyunde
r.eu/  

Presentation 25 WIP 80 

Stakeholders, mainly from 
the industry, interested in 
the options of large scale 

renewable electricity 
storage through 

underground hydrogen 
storage. 

The stoRE presentation created a discussion on the 
definition of the energy storage needs in the next 

decades. The different requirements of the short term and 
seasonal storage were identified and the technological 

and regulatory aspects of both were analysed. There was 
high interest in the stoRE project results and possible 

synergies with the HyUnder project. 

30/11/2012 
Salzburg, 
Austria 

4th International 
Conference on Small 

Hydropower: New 
Construction, Renovation 

and Revitalization 

http://www.renexp
o-

austria.at/index.ph
p?id=201&L=1  

Participation, 
Presentation, 

Leaflets  
HSU 

> 100 
exhibitors 
~10 policy 

makers 
>1000 
visitors 

> 100 exhibitors 
(developers of PV, Wind, 
small and big scale HPP) 
~10 policy makers (mostly 

regional) 
>1000 visitors 

Presentation about the stoRE project, the ongoing work in 
all work packages and first results of WP5 in front of 

around 150 people. Distribution of leaflets etc. 
Discussions with interested people. 

14/2/2013 
Vienna, 
Austria 

8. Internationale 
Energiewirtschaftstagung 

http://eeg.tuwien.a
c.at/eeg.tuwien.ac.

Participation, 
Presentation, 

15 EEG 30 Scientific community / policy 
makers / utilities / 

Karl Zach (EEG) gave a presentation within the 
concurrent session “Stromspeicher” (electricity storages) 
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at_pages/events/ie
wt/iewt2013/html/  

Leaflets, WP2 
Publication 

developers etc. of the IEWT conference with the title: “Provision of 
Flexibility through Bulk Energy Storage and Transmission 

Grid Expansion in Future Energy Systems with a high 
Share of Renewable Energy Sources”. After a brief 
description of the stoRE project, Karl Zach (EEG) 

presented the outcomes of the analysis made in task 2.3 
(WP2) of the stoRE project. The presentation was well 
accepted and some aspects of the project and some 

details of the analysis were briefly discussed afterwards. 

19/2/2013 
Brussels, 
Belgium 

EURELECTRIC 
Workshop - Hydropower: 

A European Asset 

http://www.eurelec
tric.org/events/201
3/hydropower-a-
european-asset/  

Participation, 
Leaflets 

30 
WIP, 
ESHA 

120 

Stakeholders, mainly from 
utilities, interested in the 
value of hydropower and 

how this is rewarded in the 
electricity market. 

The stoRE participation in the discussion highlighted its 
findings in the regulatory and market analysis and reacted 
to the panel that claimed EC support for pumped hydro by 

asking about the exclusion of PHES from the 
infrastructure package. Also the stoRE project 

representatives participated in the discussion about the 
environmental issues, highlighting the approach we 

recommend of avoiding confrontation with DG ENV as in 
our reports we have shown that there is room for 

cooperation. 

20-
21/2/2013 

Brussels, 
Belgium 

2nd InnoGrid2020+ 

https://www.entsoe
.eu/news-

events/events/sec
ond-innogrid2020/  

Presentation, 
Participation, 

Leaflets 
40 

WIP, 
EEG 

156 
Industry representatives, 
researchers and policy 

makers 

Agenda: 
http://www.gridplus.eu/Documents/events/Programme%2

0Innogrid2013.pdf 
Minutes & presentations: 

http://www.gridplus.eu/Documents/InnoGrid2020%20Sum
mary.pdf 

27-
28/2/2013 

Nice, France 
Energy Storage Summit 

2013 

http://www.eceee.
org/events/calenda

r/2013/energy-
storage-2013  

Participation, 
Leaflets  

CENER 

15 
representati

ves from 
TSOs/DSO
s and policy 
makers / 15 
Developers 

/ 10 
Research 

organizatio
ns / 5-10 
Others 

Senior executives from the 
utilities industry, TSOs, 

DNOs, EES owners,  
developers as well as 

manufacturers to conduct a 
thorough cost analysis 

and comparison of various 
EES systems and their 
roles in the business  

strategies & blueprints of 
grid operators. 

The conference had a heavy focus on case study 
examples of large scale RES projects across the globe, 
discussing how they overcame economic, political and 

technological challenges to improve penetration of 
intermittent RES. 

Key topics: Global Market Forecasts & Assessment / 
Policy Developments & Impact on Energy Storage / Utility 
Scale Storage – TSO & DSO Strategy / Key Obstacle to 
Growth for Emerging technologies / Realities of Energy 
Storage Business Models & Economics / Case Studies: 

Improving RES Penetration / Advances in Battery Storage 
/ Techno-Economic Evaluation of Large Scale 

Applications 
 

Conclussions: Looking for new markets / Need of new 
policies to support the storage deployment / Need of 

technologies improvement and cost reduction 

23-
25/4/2013 

Berlin, 
Germany 

6th Energy Storage World 
Forum 

http://www.energy
storageforum.com/ 

Participation, 
Leaflets  

CENER 

25 from 
TSOs/DSO
s and policy 

makers / 
Developers 
/ Research 

Senior executives from the 
utilities industry, TSOs, 

DNOs, EES owners, 
developers as well as 

manufacturers, Research 

Key Topics: Regulation, Solar Business Case, Project 
Results, Battery Technology, Microgrid, Market Size, 
Investment, Emerging Markets, Power Electronics, 

Benchmarking Technologies, Wind, Solar, Standards, 
Wind-Gas, Residential Storage 
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organizatio
ns / ~180 

participants 
/ 50 

speakers 

Institutes, Investors Conclussions: Looking for new markets (microgrids, large 
scale with Power To Gas, etc.) / Need of new policies to 
support the storage deployment / Need of technologies 

improvement and cost reduction / Need of Standarization 

23-
25/5/2013 

Copenhagen, 
Denmark 

ENERGY EUROPE 
Conference 

http://energyeurop
e.dk/en-

GB/Energy-
Europe-

Home.aspx 

Participation, 
Leaflets  

CENER 

20 from 
TSOs/DSO
s and policy 

makers / 
Developers 
/ Research 
organizatio
ns / ~100 

participants 
/ 40 

speakers 

Senior executives from the 
utilities industry, TSOs, 

DNOs, EES owners, 
developers as well as 

manufacturers, Research 
Institutes, Investors 

Denmark’s first and largest energy fair, focused on 
renewable market and development, smart cities and 

smart grids, and cleantech promotion. 
Key Topics: Wind power, PV energy, efficient buildings, 
smart grids, smart cities, new policies, markets, storage 

 
It was a general Energy Conference and conclusions 

were related to all the Renewables. Regarding storage, 
most of the attendees agreed with the necessity of 

developing storage systems to support the RES 
integration in different ways, large and small scale. 

5-8/6/2013 
Siofok, 

Hungary 
IEEE IYCE Conference 

 

Presentation, 
Participation  

HSU 250 Mainly from universities 
The results of stoRE Work Package 5 were presented 

and discussed 

5/9/2013 
Dublin, 
Ireland 

48th International 
Universities’ Power 

Engineering Conference 
(UPEC 2013) 

http://dit.ie/upec20
13/  

Presentation, 
Participation  

HSU 50 

Presenting a paper entitled: 
An empirical approach to 
calculate short and long 

term energy storage needs 
of an electricity supply 
system. Mainly results 

derived during the work on 
WP5 of the stoRE project. 

Programme: 
http://dit.ie/media/upec2013/Parallel%20Session%20Sch

edule.pdf 

9/9/2013 
Dublin, 
Ireland 

Achieving 40% RES by 
2020: The role of ancillary 

services from wind 
energy 

http://www.ewea.o
rg/events/worksho

ps/reservices-
dublin/  

Participation, 
Leaflets 

10 WIP 30 
Industry, researchers, TSO, 

Regulator  

11/9/2013 
Bonn, 

Germany 

Elektrochemische 
Energiespeicher für 

stationäre Anwendungen 

http://www.vdi-
wissensforum.de/d
e/nc/angebot/detail
seite/event/06KO0

35013/  

Participation, 
Leaflets 

5 CENER 30 

Academic sector, battery 
manufacturers, 

technological centres, 1 
policy maker 

(Bundesministerium für 
Umwelt, Naturschutz 

Stationary energy storage is getting closer to be a cost-
competitive solution in order to solve grid problems, either 
related to renewable energies or not. Of course, there are 
specific sectors where it is successfully being used at the 

moment, like in the telecom sector or rural areas. 

12-
13/9/2013 

Hamburg, 
Germany 

NEIS 2013 Conference 
for Sustainable Energy 

Supply and Energy 
Storage Systems 

http://www.neis-
konferenz.de/index

_e.html 

National 
Workshop, 

Presentation, 
Participation, 

Leaflets 

5 HSU 11 
Industry, researchers, TSO, 

Regulator  

16-
17/9/2013 

Hamburg, 
Germany 

European Power Grid 
and Storage 

Development 2013 

http://www.platts.c
om/ConferenceDet
ail/2013/pc352/ind

ex 

Poster 
Presentation, 
Participation, 

Leaflets 

30 WIP 70 

Attendees included: Bank of 
America, Beacon Power, 
Boston Consulting Group, 

Cabinet Office - UK 

The conference discussed the challenges facing grid 
stability and security of supply, renewables integration, 
intermittency and volatility in Europe. It examined the 

prospects for the full spectrum of storage solutions and 
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Government, E.On, EDF, 
Elia, EnBW, Energy 

Storage Network, European 
Commission, ENTSO-E, 
EPIA, Federal Network 

Agency Germany (BNetzA), 
Highview Power, 

Hydrogenics Europe, ITM 
Power, Massachusetts 
Institute of Technology, 
Mitsubishi, Renewables-
Grid-Initiative, Statkraft, 

SustainX, Swissgrid, 
TenneT, Vattenfall Europe 

technologies whether mature like pumped storage or 
emerging like power-to-gas. 

26/9/2013 
Dubrovnik, 

Croatia 

8th Conference on 
Sustainable Development 

of Energy, Water and 
Environment Systems 

(SDEWES 2013) 

http://www.dubrov
nik2013.sdewes.or

g/  

Presentation, 
Participation  

HSU 50 

Presenting a paper entitled: 
An empirical approach to 
calculate short and long 

term energy storage needs 
of an electricity supply 
system. Mainly results 

derived during the work on 
WP5 of the stoRE project. 

Programme: 
http://www.dubrovnik2013.sdewes.org/programme.php 

2/10/2013 Paris, France 

PV and Electricity 
Storage Requirements 
(EU PV conference & 

Exhibition) 

https://www.photov
oltaic-

conference.com/p
arallel-

events/pvandelectr
icitystoragerequire

ments.html 

Final 
Workshop, 

Presentation, 
Participation, 

Leaflets 
 

WIP, 
HSU, 
EEG    

2/10/2013 
Galway, 
Ireland 

IWEA Autumn 
Conference 2013 

http://www.iwea.co
m/index.cfm?page
=viewPastEvent&i
d=214&year=2013

&month=10  

National 
Workshop, 

Presentation, 
Participation, 

Leaflets 
 

UCC, 
MWP    

7-9/10/2013 
Innsbruck, 

Austria 
HYDRO 2013 

http://www.hydrop
ower-

dams.com/hydro-
2013.php?c_id=88  

Participation, 
Leaflets 

80 ESHA 1400 

The main hydropower event 
in Europe with the most 
important hydropower 

stakeholders attending. 

Agenda: http://www.hydropower-
dams.com/pdfs/hydro2013.pdf 

10/10/2013 
Pamplona, 

Spain 
Workshop Nacional 

 

National 
Workshop, 

Presentation, 
Participation, 

Leaflets 
 

CENER 
   

10/10/2013 
Brussels, 
Belgium 

Energy storage mapping 
report launch event 

http://www.gridplus
.eu/news/energy-

storage  

Participation, 
leaflets, 

chairing of the 
15 WIP 35 

policy makers, industry, 
DSOs, researchers,  

WIP was chairing the panel discussion 
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panel 
discussion 

15-
16/10/2013 

Kiev, Ukraine 
Renewable Energy 

Forum 2013 

https://www.facebo
ok.com/events/539
074102796744/?re

f=22  

Participation, 
leaflets 

20 ESHA 230 
Ukrainian and CIS 

hydropower stakeholders  

16/10/2013 
Warsaw, 
Poland 

RENEXPO Poland 3-cia 
Konferencja - Energia 

Wodna Polsce 

http://www.renexp
o-

warsaw.com/333.h
tml?&L=0  

Leaflets 60 ESHA 80 

Polish Hydropower 
stakeholders (developers, 

investors, research, 
students, journalists), 

Norwegian Government 
Representatives (dealing 

with hydropower) 

http://www.renexpo-warsaw.com/333.html?&L=0  

28/10/2013 
Vienna, 
Austria 

Energiespeicher im 
österreichischen 

Stromversorgungssystem 
– Hürden und 

Herausforderungen 
 

National 
Workshop, 

Presentation, 
Participation, 

Leaflets 
 

EEG 35 

Representatives from 
governmental organisations 

/ decision makers (E-
Control, BMVIT, etc.), major 

Austrian utilities 
(VERBUND, Wien Energie, 
Energie Burgenland, etc.), 

hydropower industry 
(Andritz Hydro, Alstom) and 

universities/consultants 

 

29/10/2013 Madrid, Spain 

Jornada sobre 
almacenamiento 

energético: tecnologías y 
proyectos 

http://www.energet
ica21.com/noticia/j

ornada-sobre-
almacenamiento-

energetico-
tecnologias-y-

proyectos-madrid-
29-10-13  

Presentation, 
Participation  

CENER 
  

Looking for new markets (applications) / Need of new 
policies to support the storage deployment in Spain / 

Need of technologies improvement and cost reduction 

29-
31/10/2013 

Campinas, 
Brazil 

6th Hydro Power for 
Today Forum and the 3rd 
Technical Workshop of 

the Observatory 

http://www.renener
gyobservatory.org/

en/news/6th-
hydro-power-for-
today-forum-and-
the-3rd-technical-

workshop.html 

Presentation, 
Participation  

ESHA 200 

UNIDO Renewable Energy 
Unit, European, Latin 

American, Carribbean and 
Chinese Ministries + 

hydropower representatives 

Programme: 
http://www.renenergyobservatory.org/uploads/media/Age

nda_25_10_2013_-_Palestrantes_Final2.pdf 

30/10/2013 
Arnhem, The 
Netherlands 

eStorage Workshop 
http://estorage-

project.eu  

Presentation, 
Participation 

10 WIP 40 
industry, researchers, 

DSOs, TSOs 

Agenda: http://estorage-project.eu/wp-
content/uploads/2013/06/Logistics-eStorage-

Workshop_vf1.pdf 

1/11/2013 
Athens, 
Greece 

Renewable Energy 
Sources: Preconditions 
for Mass Penetration in 
Electricity Production 

 
Participation 

 
NTUA 

  

The StoRE project and its main objectives was mentioned 
by the president of Academy in his speech / The outline of 
a new regulatory framework for energy storage plants is 

presented by RAE / The need for energy storage is 
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emphasized by several speakers / The need for further 
analysis and studies (workshops, working teams) of 

energy storage needs is among the main conclusions. 

7/11/2013 
Fredericia, 
Denmark 

Høringsproces og 
workshop om Danmarks 
behov for store ellagre  

National 
Workshop, 

Presentation, 
Participation, 

Leaflets 
 

CENER, 
EEG, 
EMD, 
HSU, 
MWP, 
NTUA, 
UCC, 
WIP 

20 Industry, researchers, TSO 
 

29/11/2013 
Athens, 
Greece 

Αποθήκευση Ενέργειας 
στο Ελληνικό Ηλεκτρικό 
Σύστηµα, µε Ορίζοντα το 
2050: Ανάγκες, εµπόδια 
και απαιτούµενες δράσεις 

 

National 
Workshop, 

Presentation, 
Participation, 

Leaflets 
 

NTUA, 
WIP 

100 
  

20-
22/11/2013 

Bucharest, 
Romania 

6th International 
Conference - Small 

Hydropower Plants in 
Romania 

http://www.renexp
o-

bucharest.com/hyd
ropower-

conference.html 

Leaflets 40 ESHA 
 

Romanian Hydropower 
stakeholders (developers, 

investors, research, 
students, journalists) 

 

3/12/2013 
Munich, 

Germany 
EUREC College of 

Members  

Presentation, 
Leaflets  

WIP 
 

EUREC members 
 

19/12/2013 Madrid, Spain 
Workshop Horizon H2020 
and other calls (organized 

by Futured)  

Promotion of 
Spanish 

Action List  
CENER 63 

20 representatives from 
TSOs, DSOs, utilities / 8 
policy makers / 20 R&D 
organizations / 15 others 

 

16/1/2014 Cork, Ireland 
An Evening on Climate 

Change at UCC 

http://www.ucc.ie/e
n/eri/climatechang

eevening/  

Participation, 
Leaflets 

10 UCC 
   

7/2/2014 
Dublin, 
Ireland 

5th Ocean Energy 
Industry Forum 2014 

‘Policy and Technology 
Perspectives’ 

http://www.oceane
nergy-

europe.eu/index.p
hp/events/member
s-events/event/7-
mria-s-5th-annual-

ocean-energy-
industry-forum  

Participation 
 

UCC 100 
  

12-
14/2/2014 

Graz, Austria 
13. SYMPOSIUM 

ENERGIEINNOVATION 

http://portal.tugraz.
at/portal/page/port
al/TU_Graz/Einrich
tungen/Institute/Ho
mepages/i4340/ve
ranstaltungen/enin

  
EEG 
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nov2014  

21/3/2014 
Cotonou, 

Benin 

Green Mini–Grids: 
Opportunities for Rural 
Development in Africa 

http://www.euei-
pdf.org/dialogue-

events/recp-
workshop-on-mini-

grids-0  

Participation, 
Leaflets 

25 WIP 86 
 

Target: Share knowledge and experience on mini-grid 
technologies for applications in Africa / Discuss 

recommendations and tools to improve the policy and 
regulatory framework for mini-grids / Elaborate successful 
project development processes and operation models for 

mini-grids 

24-
25/3/2014 

Belgrade, 
Serbia 

HydroTech Balkans 2014 

http://www.greenw
orldconferences.co
m/produkt_121_hy
drotech_balkans_2

014.htm  

Presentation, 
Leaflets 

20 ESHA 120 
Government 

representatives, 
developers, investors 

ESHA was raising awareness about the stoRE project to 
hydropower stakeholders from the Balkan countries by 

giving a presentation and going from stand to stand 
during the exhibition. Among them have been high-level 
representatives from the Balkan governments and local 
hydropower association. Leaflets have been distributed. 

27/3/2014 
Dublin, 
Ireland 

IWEA Annual Conference 
2014 

http://www.iwea.co
m/index.cfm?page
=viewnews&id=10

8 

Stand, 
Participation  

UCC 
   

4/4/2014 Cork, Ireland 
Law and Environment 

2014 conference in UCC 

http://www.ucc.ie/e
n/media/academic/
law/events/Brochu
reLawtheEnvironm

ent2014.pdf  

Participation 20 UCC 
 

Lawyers and 
representatives of 

regulatory agencies such as 
the Irish EPA as well as 
some civil service staff 

 

16-
17/4/2014 

Vancouver, 
Canada 

Small Hydro 2014 
Vancouver 

http://www.arena-
international.com/s

mallhydro/  

Presentation, 
Leaflets 

30 ESHA 100 
  

3-8/8/2014 London, UK 
World Renewable Energy 

Congress XIII and 
Exhibition 2014 

http://www.wrenuk.
co.uk/index.html  

Presentation, 
Leaflets  

NTUA 
  

Presentation title: Sizing of pumped hydro energy storage 
for future electricity systems with high RES penetration 

22/9/2014 
Amsterdam, 

The 
Netherlands 

29th European 
Photovoltaic Solar Energy 

Conference and 
Exhibition (EU PVSEC 

2014) 

http://www.photov
oltaic-

conference.com/  

Visual Poster 
Presentation, 

Leaflets  
WIP 

  

Presentation title: Market and Regulatory Framework 
Improvements That Could Further the Development of 
Bulk Energy Storage Technologies for Higher Shares of 
PV Generation in Austria, Denmark, Germany, Greece, 
Ireland and Spain 
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The following scientific papers were also published in European, international and national events. The list provided here gives an 
overview of these events and publications. 
 

DATE NAME OF PUBLICATION TITLE OF THE ARTICLE AUTHOR(S) 
SCOPE OF 

PUBLICATION 
REFERENCE WEBSITE 

2/2013 
Internationale 

Energiewirtschaftstagung 

Bereitstellung von Flexibilität durch großtechnische 
Elektrizitätsspeicher und Übertragungsnetzausbau 
in zukünftigen Energiesystemen mit hohem Anteil 

erneuerbarer Energien 

Karl Anton Zach, Hans Auer, Günther 
Körbler 

German 
speaking 
countries 

http://www.eeg.tuwien.ac.at/eeg.tuwien.ac.at_page
s/publications/pdf/ZAC_PAP_2013_2_abstract.pdf  

2-6/9/2013 
IEEE 48th Universities' Power 

Engineering Conference UPEC 
2013, Dublin (Ireland) 

An empirical approach to calculate short and long 
term energy storage needs of an electricity supply 

system 
Weiß, T.; Lücken A.; Schulz, D. International 

https://drive.google.com/file/d/0B3aAByX0wj2_UGN
WOVdHN1BLd28/edit?usp=sharing  

22-27/9/2013 

The 8th Conference on 
Sustainable Development of 

Energy, Water and Environment 
Systems SDEWES 2013, 

Dubrovnik (Croatia) 

The combined energy supply system of Germany 
and Austria - potentials to overcome the future 

energy storage needs 
Weiß, T.; Schulz, D. International 

http://www.dubrovnik2013.sdewes.org/programme.
php  

3-8/8/2014 
World Renewable Energy 

Congress XIII and Exhibition 
2014 

Sizing of pumped hydro energy storage for future 
electricity systems with high RES penetration 

? (NTUA) International http://www.wrenuk.co.uk/wrecxi.html 

22-26/9/2014 
29th European Photovoltaic 
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PROJECTS 

 

 

ESHA is currently involved in two 
Intelligent Energy Europe (IEE) 
projects: 

 

 

RESTOR Hydro deals with 
identification of and restoration of 
potential micro hydropower plants. 
Until mid-2015, the different project 
partners are mapping more than 
50,000 potential restoration sites on 
the RESTOR Hydro Map. During the last 
months several useful tools have been 
developed such as the cooperative 
guidelines, a step by step guide on how 
to setup a micro hydro cooperative 
with a community shares ownership. 
Cooperatives increase the bankability 
of restoration projects. One or more 
sites in a region can be aggregated 
under an umbrella organisation 
responsible for assessing the sites’ 

potential and preparing a viable 
financial plan for their refurbishment. 
 
Please have a look at the RESTOR 
Hydro website (http://www.restor-
hydro.eu) for further tools such as  
 
 a high level financial plan for a 

cooperative:  A companion for the 
Cooperative Guideline (financial 
spreadsheet) 

 Letter Of Intent (owners):  Letter of 
Interest to secure cooperation of the 
site owner before entering into the 
detailed study phase 

 
ESHA and partners will present this 
project at several conferences and 
congresses during the next months. If 
you are curious to find out, contact our 
office or come to any of those events, 

for instance, on 24/05/13 to ENERGY 
EUROPE in Copenhagen or on 
25/06/13 to the High Level Policy 
Meeting under the title Hydropower: 

Investing in a sustainable future at the 
Committee of the Regions during the 
European Sustainable Energy Week in 
Brussels. 
 

 
 
In the framework of the stoRE project, a 
draft version of a report on a 
“European Regulatory and Market 

Framework for Electricity Storage 
Infrastructure” has been issued. 
This draft report is available for public 
consultation with stakeholders who are 
invited to submit their comments 
by Tuesday, the 7th of May 2013.  
 

EVENTS 
 
ESHA has been extremely active in the 
participation and organisation of 
different events in Brussels in which 
ESHA Members had the possibility to 
be active in or had the possibility to 
attend: 
 
In February, together with 
Kleinwasserkraft Österreich (KwÖ), 
ESHA has been presenting current SHP 
issues at the EURFORES Advisory 

Committee at the European 

Parliament. Different Members of 
European Parliament (MEPs) have 
been attending this session.  In 

addition, ESHA sent KwÖ to speak 
together with European Commissioner 
for Energy Günther Öttinger at the 
European Parliament Water Group 
under the topic Water and Energy, 
hosted by Austrian MEP Richard 
Seeber. 
 
In the framework of ESHA’s 2013 

campaign Getting to know Small 

Hydropower, an informative dinner at 

the European Parliament hosted by 
MEP Sir Graham Watson has been 
organised in March. The event has been 
attended by MEPs from Italy, Hungary, 
Portugal, Romania, Austria and the UK 
and several high-level representatives 
from the European Commission. 
 
In April, ESHA was invited to a high-

profile investment meeting with 
Emomali Rahmon, President of 
Tajikistan, his Minister of Energy and 
Industry and the Chairman of the State 
Committee on Investments and State 
Property Management of Tajikistan to 
discuss small hydropower investment 
by European stakeholders. They 
appealed to the European small 
hydropower industry to consider 
investing in Tajikistan, where currently 
only 5% of its hydropower potential is 
being used. Please contact the office for 
further information. 
 
During AFRICA 2013 ESHA President 
Marko Gospodjinacki, ESHA Vice-
President Bernhard Pelikan and Board 
Member Nino Frosio had organised a 
joint workshop together with IEA-
Hydropower have been giving a full day 
training course on small hydropower 
in Addis Ababa, Ethiopia. The event has 



PROJECT BRIEFING 
 

 
 

Stream Map project  successfully 

finalised 
 

The final meeting of the Stream Map  

project took place on the 22 May 2012 in 

Wroclaw, Poland. The key outputs of this 

project are the following up-to-date 

tools: 

 the EU-27 SHP Roadmap (Status quo 

report on the current SHP situation, 

forecast and recommendations for 

each EU member state) 

 a statistical release 

 a hydropower database (HYDI) 

 SHP recommendation brochures in 

the following languages: EN, DE, IT, 

FR, SI, LT, SE, PL, RO, PT 

 

To download, click on the item 

mentioned above, refer to the Stream 

Map website 

http://www.streammap.esha.be/ or 

contact Martina Steinkusz for a hard 

copy. 
 

 
 

Bulk energy storage – ESHA adresses 

policy makers! 

 

Recent findings from the European 

project stoRE – in which the European 

Small Hydropower Association (ESHA) 

participates – suggest that Bulk Energy 

Storage Technologies (EST) currently 

suffer from a lack of attention on the 

political agenda. The three-year project 

(supported by the Intelligent Energy 

Europe Programme) aims to facilitate 

bulk energy storage to allow large scale 

penetration of variable renewable 

energy in the market. In its first half, the 

project focused on environmental 

considerations of bulk scale energy 

storage infrastructure, particularly  

Pumped Hydro Energy Storage (PHES)  

but also Compressed Air Energy Storage 

(CAES). A report has been consequently 

published aiming to provide policy 

makers, planners and developers with 

recommendations to further the 

sustainable development of bulk energy 

storage projects. The recommendations 

were presented at a breakfast 

briefing hosted by MEP Sir Graham 

Watson at the EP and organised by ESHA 

together with the consortium partners of 

the project and the Climate Parliament. 

The report 

is available on http://www.store-

project.eu/. Presentations given at the 

breakfast meeting are available upon 

request to Oliver Jung.  

 

 Kick-Off Meeting RESTOR Hydro 

Brussels in June 2012 

 

Where are the historic mills  sites in 

the EU-27? Help  RESTOR Hydro project 

partners to  complement the MillsMap 
 

The IEE co-funded project RESTOR 

Hydro started in June 2012.   Project 

partners will be mapping the potential of 

SHP, mills and weirs in the EU-27. The 

GIS coordinates, type of plant, restorable 

condition and power availability, 

amongst others, can be found on the 

MillsMap.  The aim is to find 50.000+ 

sites by the end of this project in 2015.  

In order to reach their goal,  the project 

partners ask you for collaboration. 

We are looking  
 

 to acquire databases from Mills 

Organisations, Cultural Heritage 

Organisations, Authorities, etc.  

 to receive information about single 

or multiple locations you might 

know about 

 to link GIS coordinates to pictures of 

old mills, SHP plants or weirs you 

have visited during your last trip 

 

If  you can help us with any of those 

points, do not hesitate to send a short  

email to Martina Steinkusz or visit  the 

new project website 

http://www.restor-hydro.eu/ for 

more information. 
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A WARM WELCOME TO OUR NEW 

ESHA MEMBERS! 
 

 

  

The ASSOCIATION OF PRODUCERS 

OF ECOLOGICAL ENERGY (APEE) 

was established in August 2004  by 

16 companies willing to invest in 

ecological power plants in Bulgaria. 

The Association took the challenge to 

help and protect the private initiative 

of the Bulgarian and international 

investors, representing their 

economic and branch interests to the 

state authorities and other 

organizations. Currently APEE is 

recognized as the most-trustworthy 

organization working in the 

renewable energy field in Bulgaria. 

Our analyses, insights and statements 

are highly valued for the creation of 

European and national policies for 

RES.  

 

With over 40 years experience in the 

compact hydropower sector, 

Tamanini Hydro is specialized  in 

the design, production and 

installation of Pelton, Francis and 

Kaplan hydraulic turbines and of 

hydropower plants. 
Our company manufactures turnkey 

electro-mechanical equipment, 

designed on the plant's hydraulic 

features they are destined to. 

Efficiency and reliability are our 

keywords. 



Thank you to our  

Main Sponsors 

The hidroenergia 2012 

organisers appreciate highly 

the sponsorship granted by 11 

companies and institutions, 

including  

 
Energa - one of four great 

electroenergy holdings in 

Poland and official partner of 

the Congress,  

 
Mavel - a major small hydro 

actor at the European market 

and supplier of hydraulic 

turbines to numerous Polish 

SHPs,  

 
Andritz Hydro - a worldwide 

leader in hydropower 

equipment supply,  

 
the Hydropower Implementing 

Agreement - a working group of 

the International Energy 

Agency.  
 

 
 

May 25th, 2012, 14:00-15:45 

Meeting Room D  

stoRE session 
 

This will be a round table 

discussion on regulatory and 

market framework for energy 

storage infrastructure.  

In the framework of the 

European project stoRE 

(www.store-project.eu), 

participants will be invited to 

discuss the key elements of the 

existing European framework 

that can potentially affect the 

development and operation of 

energy storage infrastructure. 

The project's findings will be 

presented and the discussion 

will be lead by a panel of 

experts. 
 

Mavel is the sponsor of the 

hidroenergia Gala Dinner, 

whereas Andritz and IEA 

sponsor two coffee breaks on 

May 24th. The Welcome 

Reception will be sponsored by 

the International Journal on 

Hydropower & Dams.  
 

 
 

We have also to thank Superlit, 

Romania, for provision of free 

Internet services during the 

Congress. 

 

Congress preparation activities 

have been also supported by 9 

entities - private enterprises, 

media and other general 

sponsors.  
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Hydroaction project  successfully 

finalised 
 

The final meeting of the Hydroaction 

project took place on the 14th July 2011 

at Andritz, the project partner’s company 

grounds in Vevey, Switzerland. The 

outcome was mainly stressing at 

improving turbine efficiency, such as of 

the studied turbine designs Turgo, 

Pelton and Matrix. Several training 

workshops have been given on that topic 

in Greece, Austria, Switzerland and 

Belgium between April and August. 
 

For further information about the project 

and its results, please refer tothe 

hydroaction website 

http://www.hydroaction.org/ or contact 

Dirk Hendricks. 

 
 

 
 

Successful ending of the RuralRES-

project 

 

After the final RuralRES conference in 

March, ESHA is glad to announce 

the successful ending of its  

communication         and      dissemination 

activities, and the fulfilment of the 

project. 
 

The scope of the project, overcoming the 

non-technological barriers to the use of  

For furtheher ininfoformatioion ababout ththe projoject 

mini-hydro and mini-wind energy 

sources in EU mountainous regions, has 

been reached in various 

areas throughout Europe. 

 

The main results of this three-year long 

project are summarized in the Mini-

hydro and Mini-Wind good practices and 

training guides, which can be found 

on the project website: http://rurales-

diphuelva.es.  

 

 
 

New and updated hydropower data 

available for the EU-27! 
 

The results of the second round of data 

collection for 2010 have been finished 

with partners filling in gaps into the 

HYDI database. The results have been 

validated during ten national 

workshops in different EU member 

states and discussed during the last 

project meeting held in Prague (Czech 

Republic) on 20th October 2011. 
 

Furthermore, a first draft of the 

Roadmap for the Small Hydropower 

sector with recommendations for the 

future is in preparation. 

 

For more information on the project 

Stream Map, please contact Martina 

Steinkusz. 

 

 

 
 

Since a couple of months, ESHA is 

participating in the European co-

financed project stoRE on energy 

storage.  

 

stoRE aims to facilitate the realisation 

of the ambitious objectives 

for renewable energy by unblocking 

the potential for an energy storage 

infrastructure. Energy storage, as part 

of an integrated approach including 

grid reinforcement and demand 

management helps accommodate 

higher percentages of intermittent 

renewable energy by balancing the 

supply and demand and improving the 

power quality.  

 

stoRE deals with the non-

technological barriers to energy 

storage, creating the right regulatory 

and market conditions that will give 

incentives for the development of 

energy storage infrastructure to the 

extent necessary for the 

accommodation of the planned 

renewable energy installations to the 

electricity grid. The possible positive 

and negative impacts of the different 

energy storage options on the 

environment will be also assessed and 

the considerations of the relevant 

actors will be taken into account.  

 

Being in charge of consultation 

processes, policy debates and 

communication activities, ESHA would 

like to include in the stoRE discussion 

and the database the largest number 

of stakeholders. If you would like to be 

regularly informed or consulted on 

this project or for any kind of further 

information, please contact Oliver 

Jung. 

 

More information on the project 

website:Bhttp://www.store-

project.eu/  
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Erneuerbare Energien (EE) sind 
stark im Kommen. Bereits heu-
te ist der Anteil der Regenera-
tiven an der Stromversorgung 
in Deutschland bei mehr als 
17 %. Dabei schlagen die Wind-
kraft mit einer installierten Leis-
tung von 27 230 MW und die 
Photovoltaik mit 18 380 MW 
(Stand Juli 2011) am stärksten 
zu Buche. Die ehrgeizigen Zie-
le Deutschlands, bis 2020 30 % 
(EU: 20 %) des Strombedarfs 
aus EE zu decken, unterstützen 
diesen rasanten Ausbau. Zu-
dem wird sich dieser Prozess in 
Deutschland durch den Atom-
ausstieg noch einmal erheblich 
beschleunigen. 

Durch diesen immer weiter 
wachsenden Anteil der EE und 
die Abschaltung der ersten 
Atommeiler muss nun ein gro-
ßer Anteil des grundlastfähi-
gen Stroms aus konventionel-
len Kraftwerken durch fl uktuie-
rende Energie aus z.B. Wind und 
Sonne gedeckt werden. Hier-
zu gehört mittelfristig auch die 
Regelung der Netzgrößen. Auf-
grund der im Vergleich zu kon-
ventionellen Kraftwerken gerin-
gen Volllaststunden von Wind-
energie- und Photovoltaikan-
lagen muss deren installierte 
Leistung bezogen auf die Spit-

Energiespeicher ermöglichen eine sichere 

und nachhaltige Energieversorgung mit 

hohen Anteilen fl uktuierender Energie

zenleistung entsprechend hö-
her ausfallen. Z.B. übertreffen 
die im europäischen Strate-
gieplan für Energietechnologi-
en (SET-Plan) für 2030 genann-
ten Potentiale der EE für Euro-
pa die derzeitig installierte Leis-
tung um fast das Doppelte. Die 
deutschen Übertragungsnetz-
betreiber rechnen in den Szena-
rien für den Netzentwicklungs-
plan 2012 mit installierten Leis-
tungen von Wind und Sonne im 
Bereich zwischen 78,8 GW und 
134,7 GW für das Jahr 2022, bei 
einer Spitzenlast von ca. 80 GW.
Das bekannte Problem der 
Stromerzeugung aus fl uktuie-
render Energie ist die fehlen-
de Fähigkeit sich dem Lastver-
lauf anzupassen. Dies kann zum 
Teil durch intelligentes Last- 
und Einspeisemanagement und 
Netzausbau kompensiert wer-
den. Auch die Elektromobilität 

und die Erhöhung des KWK-An-
teils werden eine wichtige Rol-
le in der sicheren Energiever-
sorgung der Zukunft spielen. 
Dennoch ist in Situationen wie 
Starkwind-Schwachlast mit er-
heblichen Leistungsüberschüs-
sen zu rechnen, die ohne Spei-
cherung oder Verkauf außer-
halb der Regelzone zum Ab-
schalten von Windenergieanla-
gen (WEA) oder anderen Erzeu-
gungseinheiten führen würden, 
siehe Abbildung 1. Aufgrund 
der starken zeitlichen Korrela-
tion der EE ist der Stromexport 
jedoch nicht in jedem Fall mög-
lich. Somit ergibt sich mittel- bis 
langfristig ein zusätzlicher Be-
darf an Energiespeichern, um 
die regenerativ erzeugte Ener-
gie den Verbrauchern bedarfs-
gerecht zur Verfügung zu stel-
len. Bei sehr hoher Strompro-
duktion aus erneuerbaren Ener-
gien (>50 %) wird ein Speicher-
bedarf von bis zu 4 TWh benö-
tigt, bei gleichzeitig erfolgen-
dem Netzausbau, Last- und Ein-
speisemanagement. Zum Ver-
gleich: heute sind in Deutsch-
land ca. 0,04 TWh an Pumpspei-
cherkapazität installiert. 

Wie wichtig Speicher auch für 
die Systemsicherheit sind zeigt 
die UCTE-Großstörung am 
4.11.2006, als das UCTE-Ge-
samtnetz wegen einer überlas-
teten Leitung in 3 Teilnetze zer-
fi el. In allen Teilnetzen trugen 
Pumpspeicherwerke (PSW) er-
heblich zur Stützung des Net-
zes bei und vermieden so einen 
Zusammenbruch des jeweili-
gen Bereichs. Zusätzlich können 
Energiespeicher auch zur Sen-
kung der Stromgestehungskos-
ten beitragen. So kann mit einer 
marktgesteuerten, wirtschaft-
lich ausgerichteten Betriebs-
weise eines PSW zum einen der 

durchschnittliche Strompreis 
am Day-Ahead-Markt und zum 
anderen durch Residuallastglät-
tung die volkswirtschaftlichen 
Kosten der Stromerzeugung ge-
senkt werden [4].

Obwohl es sehr viele Ideen und 
Neuentwicklungen auf dem Ge-
biet der Energiespeicher gibt, 
kommen für die großtechnische 
Speicherung auf absehbare Zeit 
nur der Druckluftspeicher und 
das Pumpspeicherwerk in Fra-
ge. Druckluftspeicher sind in 
ihrer Technik jedoch entwe-
der veraltet (Diabate Druckluft-
speicher) oder industriell noch 
nicht einsetzbar (Adiabate und 
Umgebungswärme-Druckluft-
speicher), obwohl letztere si-
cher großes Potential für die Zu-
kunft aufweisen. Somit bleibt 
das PSW die derzeit einzige effi -
ziente Technik, die konkret und 
in relevantem Maßstab zur Ver-
fügung steht. Viele Studien se-
hen aber auf Grund der geolo-
gischen Anforderungen und der 
aufwändigen Genehmigungs- 
und Bauverfahren für PSW in 
Deutschland kein vorhandenes 
Ausbaupotential mehr. In dem 
BMU Leitszenario 2010 wird je-
doch von einem noch vorhan-
denen Potential von bis zu 2000 
GWh ausgegangen. Nutzt man 
zusätzlich schon vorhandene 
Strukturen aus dem Braunkoh-
le- und Kreidetagebau, kann 
noch ein erheblich größeres Po-
tential an Speicherkapazität ge-
wonnen werden. Als Unterbe-
cken wird bei diesem Prinzip 
ein Restloch verwendet, das im 
rheinischen Braunkohlerevier 
Tiefen bis zu 500 m aufweisen 
kann. Als Oberbecken dient ent-
weder ein zweites Restloch mit 
geringerer Tiefe oder ein auf der 
Abraumhalde angelegter künst-
licher See, siehe Abbildung 2.

Abbildung 1: Nicht integriebare Leistung aus Windenergie in Stark-

wind-Schwachlast Situationen
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Voruntersuchungen haben ge-
zeigt, dass hiermit ein so großes 
Speicherpotential erschlossen 
werden kann, dass eine bedarfs-
gerechte Energieversorgung aus 
erneuerbaren Energien möglich 
wird. Vor allem in den Bundes-
ländern im Norden und Osten 
Deutschlands ist heute schon 
ein sehr hoher Anteil von Wind-
strom an der Energieversorgung 
festzustellen: 52,1 % in Sach-
sen-Anhalt, 54,3 % in Meck-
lenburg-Vorpommern, 44 % in 
Schleswig-Holstein. Im Zusam-
menhang mit dem zusätzlichen 
starken Ausbau der Offshore 
Windfarmen in der Nord- und 
Ostsee können Speicher nicht 
nur Netzengpässe bei der Ver-
teilung der Energie von Nord 
nach Süd vermeiden, sondern 
auch den Netzausbau entlasten 
bzw. optimieren helfen.

Das Problem des Ausbaus der 
Speicherinfrastruktur ist je-
doch schon länger kein techni-
sches mehr, sondern ein regula-
torisches und politisches. Allein 
die seit Anfang 2008 geltenden 
Netznutzungsentgelte (NNE) 
für PSW (PSW werden bei Be-
zug von Strom als regulärer Ver-
braucher behandelt und müs-

sen dementsprechend NNE be-
zahlen) sorgen dafür, dass vie-
le PSW auf dem Energiemarkt 
nicht mehr mit Gaskraftwerken 
konkurrieren können und so-
mit ihre Wirtschaftlichkeit ver-
lieren. Die Bundesregierung ge-
währt zwar eine Befreiung von 
NNE, wenn ein neues PSW noch 
vor 2019 ans Netz geht, die-
se zeitliche Befristung scheint 
aber auf Grund des sehr lang-
wierigen Genehmigungspro-
zesses und der darauffolgenden 
langen Bauzeit nicht zweckmä-
ßig zu sein. Im Bereich der Ener-
giespeicher wird es in Zukunft 
nicht nur wichtig sein, die For-
schung in diesem Bereich weiter 
voran zu treiben, sondern eben-
so wichtig ist die Vereinfachung 
der Genehmigungsverfahren 
und der Ausbau der Förderung, 
um so einen größeren Anreiz für 
EVUs und Kraftwerkbetreiber zu 
schaffen in diese Schlüsseltech-
nologien zu investieren.

Genau mit dieser Problematik 
beschäftigt sich das EU-Projekt 
stoRE (www.store-project.eu), 
an dem die Helmut-Schmidt-
Universität neben 8 anderen eu-
ropäischen Partnern mitwirkt. 
Die Hauptziele des Projekts sind:

Die ganzheitliche Betrach-
tung der Umwelt-Perfor-
mance von sich im Betrieb be-
fi ndlichen Energiespeichern, 
um aus den Erkenntnissen 
unnötige Hindernisse aus den 
umweltgesetzlichen Regulie-
rungen zu entfernen. Dabei 
muss darauf geachtet wer-
den, dass die Umwelt trotz-
dem vollständig geschützt 
bleibt.

Identifi zierung, Beurteilung 
und Untersuchung der recht-
lichen und wirtschaftlichen 
Rahmenbedingungen in Eu-
ropa und in den einzelnen 
Zielländern (Deutschland, 
Spanien, Dänemark, Grie-
chenland, Irland und Öster-
reich) in Zusammenarbeit mit 
wichtigen Akteuren der Bran-
che.

Engagement von Schlüsselfi -
guren auf europäischer und 
nationaler Ebene, v.a. Politi-
ker. 

Implementierung der im Lau-
fe von stoRE ausgearbeiteten 
Maßnahmen für eine regula-
torische Reform, die den Weg 
für einen schnellen Ausbau 
der Speicherkapazität ebnet.

Verbesserung der Verständi-
gung zwischen Interessenge-
meinschaften aus Industrie, 
Politik, Naturschutz und der 
Bevölkerung über die Rolle, 
die Energiespeicher in einer 
nachhaltigen Energieversor-
gung spielen können.

Der Energiesektor befi ndet 
sich im Wandel in Richtung ei-
ner nachhaltigen, dezentra-
len und sicheren Energieversor-
gung. Der von der deutschen 
Regierung beschlossene Atom-
ausstieg beschleunigt diesen 

Umbau noch einmal erheb-
lich. Doch nicht nur die groß-
technische Speicherung spielt 
hier eine entscheidende Rolle. 
Auch kleine Speicher (z.B. Elek-
tromobilität), der Netzausbau 
und das intelligente Last- und 
Einspeisemanagement werden 
in Zukunft einen großen Bei-
trag zu einer sicheren Energie-
versorgung leisten. Nichtsdes-
totrotz ist dieser Wandel mit 
erheblichen Investitionen in 
den nä chsten Jahrzehnten ver-
bunden, sowohl auf der techni-
schen, als auch auf der regula-
torischen und politischen Seite. 

Dipl.-Ing. Thomas Weiß

Prof. Dr.-Ing. habil. Detlef Schulz

Helmut Schmidt Universität

Fachgebiet Elektrische 

Energiesysteme

http://www.hsu-hh.de/evhs/

Quellen:

[1] Ein europäischer Strategie-
plan für Energietechnologien 
(SET-Plan), Brüssel 22.11.2007

[2] Szenariorahmen für den 
Netzentwicklungsplan 2012

[3] DLR, IWES, IFNE im Auftrag 
des BMU: Leitstudie 2010, 
August 2010

[4] Dena: Abschlussbericht PSW-
Integration EE

[5] Dena: Aschlussbericht NNE 
Pumpspeicher

[6] Schulz, D.; Jordan M.: Kon-
zepte für die Errichtung von 
Pumpspeicherkraftwerken in 
ehemaligen Tagebaustruktu-
ren, Solarzeitalter 22 (2010) 
4, pp. 35-41

Abbildung 2: Prinzip eines PSW in einem Tagebau mit künstlichem 

Oberbecken (oben) und Nutzung eines zweiten Restlochs als oberen 

Speichersee (unten) [6]
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SUSTAINABLE ENERGY SUPPLY 

TECHNOLOGIES

BIOFUELS

Research into the use of renewable gas at the Environmental 
Research Institute (ERI) received a €0.25m boost in 2011. �e 
funding, jointly from Bord Gáis Networks (BGN) and UCC, 
will enable the ERI to develop its renewable gas research be-
yond the academic sphere and into industry. Renewable gas is 
biogas that is cleaned and upgraded to 98% plus methane; it is 
a ready substitute for natural gas. It may be injected directly 
to the gas grid for use as a renewable heat source or as a trans-
port fuel in Natural Gas Vehicles (NGVs). At present there 
are over 12 million NGVs driving the roads of the world.

Dr Jerry Murphy chaired the International Energy Agency 
(IEA) Conference “Energy from Biogas” in UCC on September 
15th, 2011. �e conference was hosted by the ERI and funded 
by the International Energy Agency (IEA) and Sustainable 
Energy Authority Ireland (SEAI). �e aim of the conference 
was to highlight successful biogas facilities that use different 
feed stocks and to explore the advantages of upgrading biogas 
to biomethane for either injection to the gas grid or use as a 
source of renewable transport fuel. Dr Murphy was also lead 
author on an IEA publication on “Biogas from crop digestion” 
(http://www.iea-biogas.net) which charts the evolution of the 
biogas industry in particular in European countries where, for 
example, Germany now has over 6000 biodigesters with the 
substrate dominated by whole crops (grain and straw). 

WAVE ENERGY

�e Hydraulics and Maritime Research Centre (HMRC) is 
leading a €9m EU funded initiative to provide access to test 
facilities in marine renewable energy centres across Europe. 
�e Marine Renewables Infrastructure Network (MaRINET) 
offers periods of marine renewable energy testing at these 
centres at no cost to participants through funding from the 
European Commission. �is major EU research infrastruc-
ture project involves 42 testing facilities at 28 research centres 
in 12 countries. Professor Tony Lewis (HMRC Director) was 
appointed as the new Chair in Energy Engineering in 2011.

WIND ENERGY

In November 2011, UCC hosted partners from Greece, Ger-
many, Austria, Denmark and Spain for the second meeting 
of the EU-funded stoRE project. stoRE aims to facilitate vari-
able renewable energy by unblocking the potential for energy 
storage infrastructure. Energy storage, as part of an integrated 
approach including grid reinforcement and demand manage-
ment, helps accommodate higher percentages of intermittent 
renewable energy by balancing variable supply and demand 
and improving power quality. �e three-year project has al-
ready attracted interest from the European Commission, en-
vironmental NGOs such as the World Wildlife Fund as well 
as utilities and power system operators. Dr Paul Leahy and Dr 
Eamon McKeogh are the ERI co-PIs of the stoRE project.

Dr Christophe Sibuet Watters of the University of Québec 
and founder of wind forecasting company Wpred, Inc. was 
awarded a prestigious Craig Dobbin fellowship from the Ire-
land-Canada University Foundation to pursue research in ad-
vanced downscaling techniques for wind forecasting at the 
ERI. In collaboration with Dr Paul Leahy, Dr Watters devel-
oped a novel technique to improve the quality of wind power 
forecasts, which was presented at the American Institute of 
Aeronautics and Astronautics annual conference in Nash-
ville, USA.

Jack O’Connell (Head of Regulation, BordGais Networks) and 

Dr Jerry D. Murphy (Environmental Research Institute/School of 

Engineering) pictured in the ERI Renewable Gas Laboratory

1.3 ENERGY
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Die Energiewende braucht geeignete politische und markt-
regulatorische Rahmenbedingungen für Energiespeicher

Energiespeicher werden in 
Energieversorgungssystemen 
mit hohem Anteil erneuerba-
rer Energien (EE) zum zeitlichen 
Ausgleich der stark fluktuie-
renden Einspeisung von Wind- 
und Solarenergie benötigt [1]. Zu 
klären bleibt derzeit vor allem, 
ab welchem Jahr und wie viel 
zusätzliche Energiespeicher zu-
künftig benötigt werden und 
mit welchen Technologien die-
ser Speicherbedarf gedeckt wer-
den kann. Bei den Technologien 
muss grundsätzlich zwischen 
Kurz- und Langzeitspeichern 
unterschieden werden. Als Kurz-
zeitspeicher (KS) können alle 
Energiespeicher bezeichnet wer-
den, die heute in Elektrizitäts-
versorgungssystemen Einsatz 
finden, wie z.B. Pumpspeicher-
werke (PSW), Druckluftspeicher 
und Batterien. Sie weisen hohe 
Wirkungsgrade und hohe Nut-
zungsstunden auf, bei gleichzei-
tig geringen Speichervolumina. 
Langzeitspeicher (LS) hingegen 
weisen bislang einen sehr ge-
ringen Wirkungsgrad auf, dafür 
können aber große Speicher-
volumina realisiert werden. 
Beispiele für die wenigen zur 
Verfügung stehenden LS-Tech-
nologien sind die Umwandlung 
von Strom in Wasserstoff oder 
Methan. Diese können später 

über Gasturbinen wieder rück-
verstromt werden. Zwar sind 
erste Pilotanlagen (z.B. Audi e-
gas) in der Entstehung, jedoch 
gibt es noch keine kommerziell 
genutzten Anlagen. 

Die VDE ETG-Studie „Energie-
speicher für die Energiewen-
de“ [2] beschäftigt sich mit der 
Abschätzung des zukünftigen 
Speicherbedarfs in Deutschland, 
sowohl in Richtung Kurzzeit- 
also auch Langzeitspeicher. Bei 
einem 40%-igen Anteil erneuer-
barer Energien am Bruttostrom-
verbrauch und unbegrenzten 
Zubau-Möglichkeiten von Kurz- 
und Langzeitspeichern werden 
der Studie zufolge deutschland-
weit 16 GW Kurzzeitspeicher 
mit einer Kapazität von 80 GWh 
und zusätzlich noch Langzeit-
speicher mit einer Kapazität von 
2,11 TWh benötigt. Der Aktions-
plan für erneuerbare Energien 
(NREAP) der Bundesregierung 
hat einen Anteil von 38,6 % 
an EE an der Bruttostromver-
sorgung bis 2020 als Ziel. Da 
Langzeitspeicher bis zu diesem 
Zeitpunkt nicht bzw. nicht in 
diesem Maße ausbaubar sind, 
werden Kurzzeitspeicher dabei 
die Hauptaufgabe übernehmen 
müssen. Beim heutigen Spei-
cherpark mit 6,4 GW Leistung 

und einer Speicherkapazität von 
40-50 GWh müssten noch wei-
tere 9,6 GW Leistung mit einer 
Kapazität von 30-40 GWh an 
KS installiert werden. Da Groß-
projekte dieser Art einen lang-
wierigen Genehmigungspro-
zess und lange Bauphasen mit 
sich bringen, müssen frühzeitig 
Weichen für den Ausbau des 
Energiespeicherparks gestellt 
werden. Neben der Förderung 
von alternativen Technologien 
müssen auch neue Ansätze für 
bestehende Systeme in Betracht 
gezogen werden. Hierzu zählen 
unter anderem die Nutzung von 
schon bestehenden Strukturen 
für Pumpspeicherwerke, wie 
z.B. die Nutzung von Kohle- und 
Kreidegruben für die Installation 
von PSW oder der Nutzung der 
Bundeswasserstraßen als Ener-
giespeicher [3].

Der Prozess von der Vorberei-
tung der Unterlagen für das 
Raumordnungsverfahren bis 
hin zur Fertigstellung kann bei 
Großprojekten wie Energie-
speichern bis zu 20 Jahren in 
Anspruch nehmen. Aus diesem 
Grund müssen zusätzlich zur 
Technologieförderung auch 
marktregulatorische und po-
litische Rahmenbedingungen 
geschaffen werden, die eine 
Investition in neue Projekte 
rechtfertigen. Bei den derzeiti-
gen Marktbedingungen ist es 
für Energiespeicher (ES) schwer, 
sich profitabel am Markt zu be-
teiligen. Durch die feste Einspei-
severgütung und die gesetzliche 
Abnahmepflicht von Strom aus 
erneuerbaren Quellen ergeben 
sich ungünstige Konstellationen 
für ES auf dem Energiemarkt. 
Die durch die Abnahmepflicht 
erzeugte Verschiebung der An-
gebots- und Nachfragekurve 
(Merit-Order Effekt, vgl. Abb.1) 
bewirkt das Sinken des Markt-
preises und damit einhergehend 
auch die Verringerung der Preis-
schwankungen am Day-Ahead 

(Handel für den nächsten Tag) 
und Intraday-Markt (Handel in-
nerhalb eines Tages) [4]. Somit 
wird es für ES immer schwieri-
ger den Wirkungsgradverlust 
über die Preisdifferenzen am 
Strommarkt auszugleichen. Zu 
den reinen Wirkungsgradverlus-
ten kommen seit dem 1. Januar 
2008 auch noch Netznutzungs-
entgelte hinzu, die Energiespei-
cher für den Bezug von Energie 
errichten müssen, wodurch sich 
die Situation weiter verschärft. 

Die oben genannten Effekte ver-
hindern eine sichere Planungs-
grundlage für Investitionen in 
Energiespeicher. Hierfür müssen 
neue Markt- oder Vergütungs-
strukturen gefunden werden. 
Zum einen könnte eine ähnliche 
Subventionierungspolitik wie 
bei dem Ausbau von Wind- und 
Solarenergie betrieben werden 
oder eben die Subventionierung 
der fluktuierenden erneuerba-
ren Energien an die Entwicklung 
des Speicherparks angepasst 
werden. Möglich wäre zum Bei-
spiel die Pflicht, die installierte 
Leistung von Wind und/oder 
Photovoltaik durch einen gewis-
sen Anteil an Speicherkapazität 
abzusichern. Der Faktor zwi-
schen installierter EE- und zuge-
höriger Speicherleistung ist von 
Land zu Land unterschiedlich 
und hängt stark von der Netz-
struktur, der Verknüpfung mit 
den Nachbarstaaten, der Flexi-
bilität der thermischen Kraft-
werke uvm. ab, ist aber ein guter 
Ansatz, da so auch Betreiber der 
EE-Anlagen in die Pflicht genom-
men werden.
Energiespeicher haben nicht 
nur Vorteile beim Ausgleich der 
Schwankungen von fluktuieren-
den Energien. Sie eigenen sich 
auch sehr gut zur Bereitstellung 
von Regelleistung und System-
dienstleistungen. Vor allem im 
Bereich der Systemdienstleis-
tungen könnte hier ein neuer 
Markt für Energiespeicher ent-

Exemplarische Darstellung des Merit-Order Effekts (Verschiebung der 

Nachfragekurve nach links aufgrund der festen Einspeisung von EE) [4]
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Dieser Problematik der Schaf-
fung von geeigneter Rahmen-
bedingung für die zukünftige 
Entwicklung von Energiespei-
chern widmet sich das vom 
Intelligence Energy Europe Pro-
gramm (IEE) finanzierte EU-Pro-
jekt stoRE (www.store-project.
eu). Es werden rechtliche und 
politische Rahmenbedingungen 
auf europäischer Ebene sowie 
deren Umsetzung in gezielt 
ausgewählten Partnerländern 
untersucht und Empfehlungen 
erarbeitet. Dabei wird auch auf 
die umwelttechnischen Proble-
me solcher Großprojekte einge-
gangen und es werden Leitfäden 
für Installationen von PSW in 
umwelttechnisch sensiblen Re-
gionen erstellt. Darüber hinaus 
werden die Energieversorgungs-
systeme der Zielländer model-
liert und Abschätzungen über 
den erwarteten Speicherbedarf 
getroffen.

Dipl.-Ing. Thomas Weiß

Prof. Dr.-Ing. habil. Detlef Schulz

Helmut Schmidt Universität

Fachgebiet Elektrische 

Energiesysteme

www.hsu-hh.de/evhs/
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stehen. In Tschechien sowie in 
Rumänien existiert bereits ein 
gesonderter Markt für System-
dienstleistungen, an dem sich 
Energiespeicher gut zu positi-
onieren wissen [5]. Ein solcher 
Markt könnte auch in den übri-
gen europäischen Ländern dazu 
führen, dass Energiespeichern 
eine weitere Möglichkeit der 
Refinanzierung gegeben wird. 
Weiterhin können Energie-
speicher auch die Position der 
rotierenden Massen, die vor al-
lem für die Bereitstellung von 
Primärregelleistung benötigt 
werden, übernehmen. Dies wird 
heute hauptsächlich mit thermi-
schen Kraftwerken realisiert. Da 
diese bei weiterem Ausbau der 
EE zunehmend an Bedeutung 
verlieren, entsteht eine Lücke, 
die gefüllt werden muss. Die 
Pflicht der richtigen Bilanzie-
rung des Übertragungsnetzes 
liegt bei den Übertragungsnetz-
betreibern (ÜNB), die sich somit 
auch um die Sicherstellung von 
ausreichend Regelleistung küm-
mern müssen. Somit liegt der 
Schluss nahe, den Betrieb von 
Energiespeichern zur Netzre-
gelung von ÜNBs realisieren zu 
lassen. Die seit 1996 geltende 
EU-Richtlinie zur Strommarktli-
beralisierung (aktuell 2009/72/
EC), die 1998 auch in Deutsch-
land im EnWG umgesetzt wur-
de, schreibt jedoch eine strikte 
Trennung von Erzeugung, Ver-
teilung und Vertrieb vor. Somit 
ist es Übertragungsnetzbetrei-
bern nicht erlaubt sich an Ener-
gieerzeugung und -versorgung 
zu beteiligen. Momentan versu-
chen einige Länder (z.B. Italien, 
Belgien) bereits ihre Gesetze so 
anzupassen, dass ÜNBs Energie-
speicher zur Netzstützung und 
Regelenergiebereitstellung be-
treiben können. Dann könnten 
die Kosten für Energiespeicher 
auf die Netznutzungsentgelte 
umgelegt und gleichmäßig auf 
alle Konsumenten verteilt wer-
den. Jedoch existiert europaweit 
noch kein Konsens, ob es ÜNBs 
oder Verteilnetzbetreiber er-
laubt sein sollte Energiespeicher 
zu besitzen, weder zu Regulie-
rungszwecken noch zur Markt-
teilnahme.
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El objetivo del proyecto stoRE es, según el Centro Nacional de Energías Renovables de España (Cener), "facilitar

el desarrollo de tecnologías de almacenamiento de energía a gran escala, tales como el bombeo hidráulico (PHES) y
el aire comprimido en cavernas, con el objetivo de permitir una mayor penetración de las energías renovables". El

consorcio  del  proyecto  stoRE lo  forman nueve  socios,  de  seis  países  diferentes:  Alemania,  Austria,  Dinamarca,
España (Cener), Grecia e Irlanda. El diez de octubre, Pamplona -sede del Cener- acoge la próxima reunión de los

socios del proyecto stoRE.

El  departamento  de  Integración  en  Red  de  Energías

Renovables  de  Cener  organiza  el  mes  que  viene  en
Pamplona, y en el marco del proyecto stoRE, una jornada

en la que se van a presentar y debatir los resultados de un

proceso  consultivo  -consulta  para  identificar  retos  y
obstáculos  al  almacenamiento  de  energía-  que  se  ha

llevado a cabo en varios países de Europa a lo largo de los

últimos meses. El proyecto  stoRE ha publicado, hasta la
fecha, varios informes al respecto. Uno de ellos -Análisis

del  potencial  del  almacenamiento  en  el  sistema

eléctrico español actual y futuro (2013)- explica que "el

bombeo  hidráulico  es  la  tecnología  de  almacenamiento

idónea  para  España".  Según  ese  documento,  en  un
escenario (horizonte 2020) de 80% de penetración de renovables, "la potencia óptima de bombeo no debería exceder

los 8-9 GW para todos los casos si se calcula para una capacidad de almacenamiento de 100 GWh". Por el contrario,

en un escenario 2020 con presencia nuclear, esas necesidades podrían elevarse hasta los 10 GW (actualmente hay
menos de 3 GW).

Una "isla" que es ejemplo de éxito de integración de energía renovable

El Análisis elaborado por el Cener, que ha sido publicado en julio, explica que "el sistema eléctrico español puede
asemejarse a una isla eléctrica, ya que dispone de una capacidad de intercambio de solamente el 3% respecto a la

capacidad de generación, lejos del 10% recomendado por la Unión Europea". A pesar de ello -añade el informe-,

España "ha sido  ejemplo  de  buena integración de  renovables  en el  sistema,  consiguiendo  nuevos  récords  de
aportación renovable prácticamente cada año, gracias a la flexibilidad del sistema y a la operación de las plantas PHES

existentes" (Pumped Hydro  Energy Storage; almacenamiento  de energía mediante  bombeo hidráulico). Eso sí, el

Análisis del Cener matiza que ese éxito podría ser aún mayor si las centrales nucleares y las térmicas (gas, carbón)
fuesen más flexibles: "si bien las plantas convencionales han demostrado una operación flexible, aún existe un mínimo

técnico de operación que en ocasiones imposibilita una mayor penetración de renovables en el sistema".

Factores que limitan el éxito del almacenamiento mediante bombeo

Otro de los informes alumbrados en el marco de este proyecto europeo es "Recommendations for furthering the

sustainable  Development of Bulk  Energy  Storage  Facilities"  (2012).  Este  informe  recomienda "una revisión
exhaustiva de la cuestión por parte  de los  Gobiernos  nacionales  para determinar las  necesidades particulares  de

almacenamiento  de  energía,  para desarrollar  planes  y programas  más  eficientes,  para determinar localizaciones

adecuadas  y para desarrollar  directrices  claras".  En el  caso  concreto  de  España,  stoRE señala seis  "Factores

limitantes para el desarrollo del almacenamiento de energía". Son estos: falta de una adecuada definición del

almacenamiento de energía en el marco regulatorio; falta de definición de las capacidades del almacenamiento de

energía y servicios que pueden proporcionar; inadecuado dimensionamiento del sistema eléctrico; mercado eléctrico
distorsionado  y/o  inadecuado; procedimientos  administrativos  para la instalación de  sistemas  de  almacenamiento

largos o inexistentes; y, por fin, impacto de los nuevos Reales Decretos en el desarrollo de las tecnologías renovables

y de almacenamiento.
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recientemente una visita a la planta 

de la que les mostramos el 

siguiente reportaje [ ]
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REVE

El objetivo principal del proyecto stoRE consiste en facilitar el 

comprimido en cavernas (CAES), con el objetivo de permitir una 

la que se van a presentar y debatir los resultados de un proceso consultivo que se 

El proyecto stoRE ha publicado, hasta la fecha, varios informes. En uno de ellos: 

Overview of current status and future development scenarios of the electricity system, 

and assessment of the energy storage needs (2013) muestra claramente que en 

consecuencia de una elevada potencia instalada de Ciclos Combinados. Afirma 

renovable.

Otro informe: Recommendations for furthering the sustainable Development of Bulk 

Energy Storage Facilities (2012) indica que el desarrollo actual de las instalaciones 

de almacenamiento es un proceso ineficientemente conducido, que genera riesgos 

adecuadas y para desarrollar directrices claras.
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mantienen los objetivos y compromisos 20/20/20 en el 2020. Como resultado del 
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Proyecto stoRE 

Europea.

www.cener.com

http://santamarta-florez.blogspot.com.es/2013/09/almacenamiento-de-la-eolica-y-
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ahorro

Industria tampoco quiere que los autoconsumidores 

(Cener) en un documento que titula "Factores limitantes 

".

capacidades del almacenamiento y servicios que puede 

proporcionar; inadecuado dimensionamiento del sistema 

inadecuado; procedimientos administrativos para la 

inexistentes; e impacto de los nuevos reales decretos en 

almacenamiento.

El proyecto stoRE

proyecto europeo stoRE, cuyo objetivo es "facilitar 

de los documentos fruto de ese proyecto -

-, "

RD 2/2013 por 

Real Decreto 1699/2011

de Julio de 2013

potenciales usuarios, resultan inadecuados y suponen una nueva barrera al desarrollo de las renovables". [Imagen: 

ennaranja.com].
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Las tecnologías de a lm acenam iento a gran escala  serán 
debat idas en una jornada organizada por CENER el próxim o 
m es de octubre en Pam plona.  

ESEFI CI ENCIA -  09/ 09/ 2013

En el marco del proyecto stoRE, relacionado con las tecnologías de almacenamiento de
energía a gran escala, el próximo mes de octubre el departamento de I ntegración en
Red de Energías Renovables de CENER organizará en Pamplona una jornada en la que
se van a presentar y debat ir  los resultados de un proceso consult ivo que se está
llevando a cabo actualmente en nuest ro país. Durante la celebración de la jornada se
t ratará de ident ificar las pr incipales barreras y posibles estrategias para superarlas en
los aspectos relacionados con la legislación y el mercado y se establecerán
recomendaciones sobre las líneas de actuación para superar los obstáculos
ident ificados en el caso de España. Este proceso se está realizando simultáneamente
en todos los países que part icipan en el proyecto.  

El proyecto stoRE ha publicado, hasta la fecha, var ios informes. En uno de ellos:
“Overview of current  status and future development  scenarios of the elect ricity
system, and assessment  of the energy storage needs”  (2013)  muestra claram ente que
en España a corto plazo un almacenamiento de energía adicional no es necesario,
como consecuencia de una elevada potencia instalada de Ciclos Combinados. Afirma
además que a part ir  del año 2020 surge una necesidad de almacenam iento de energía
adicional en el sistema para evitar recortes significat ivos a la generación renovable.  

Ot ro informe:  “Recomm endat ions for furthering the sustainable Development  of Bulk
Energy Storage Facilit ies”  (2012)  indica que el desarrollo actual de las instalaciones de
almacenamiento es un proceso ineficientem ente conducido, que genera r iesgos
innecesarios, así com o consumos ext ra de t iempo y dinero. Este inform e recomienda
una revisión exhaust iva de la cuest ión por parte de los Gobiernos nacionales para
determ inar las necesidades part iculares de almacenamiento de energía, para
desarrollar planes y programas más eficientes, para determ inar localizaciones
adecuadas y para desarrollar direct rices claras.  

Un análisis exhaust ivo del Marco Regulator io y del Mercado Europeo ha perm it ido
detectar durante el desarrollo del proyecto que se inició en el año 2011 una serie de
retos que, las tecnologías de almacenamiento de energía deberán superar en los
próximos años para su incorporación al sistem a eléct r ico y en especial, si se
mant ienen los objet ivos y compromisos 20/ 20/ 20 en el 2020. Como resultado del
análisis y de un proceso de consulta a nivel europeo se han propuesto una serie de
recomendaciones, con el fin de facilitar una mayor integración de sistem as de
almacenam iento en la red y con ello, de renovables.  

Proyecto stoRE  

El objet ivo principal del proyecto stoRE consiste en facilitar el desarrollo de las
tecnologías de alm acenamiento de energía a gran escala, tales como el bombeo
hidráulico (PHES)  y el aire comprim ido en cavernas (CAES) , con el objet ivo de perm it ir
una mayor penetración de las energías renovables.  

Los principales factores que influyen en el desarrollo del almacenamiento energét ico
son los marcos regulator ios y de mercado, así como las cuest iones medioambientales.
El consorcio del proyecto stoRE está formado por 9 socios, de 7 países europeos:
Alemania, Aust r ia, Dinamarca, Bélgica, España, Grecia e I r landa y está financiado por
el Programa Energía I nteligente para Europa de la Comisión Europea.  
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debate en una jornada que organiza CENER en Pamplona.

CONSTRUIBLE - 12/09/2013

E n  e l  m a r c o  d e l  proyecto stoRE

El proyecto stoRE ha publicado, hasta la fecha, varios informes. En uno de ellos: 
Overview of current status and future development scenarios of the electricity 

system, and assessment of the energy storage needs (2013) muestra 

no es necesario, como consecuencia de una elevada potencia instalada de Ciclos 

Otro informe: Recommendations for furthering the sustainable Development of 
Bulk Energy Storage Facilities (2012) indica que el desarrollo actual de las 
instalaciones de almacenamiento es un proceso ineficientemente conducido, que 

Gobiernos nacionales para determinar las necesidades part iculares de 

para determinar localizaciones adecuadas y para desarrollar directrices claras. 

lisis exhaustivo del Marco Regulatorio y del Mercado Europeo ha permitido 

mantienen los objetivos y compromisos 20/20/20 en el 2020. Como resultado del 

almacenamiento en la red y con ello, de renovables. 

Proyecto stoRE 

El objetivo principal del proyecto stoRE consiste en facilitar el desarrollo de las 

Los principales factores que influyen en el desarrollo del almacenamiento 
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Se trata de una de las acciones previstas en 
el proyecto europeo stoRE. 

Se trata de un consorcio internacional en el 

debatir sobre las necesidades de 

son dos de los puntos principales de una jornada 
que organiza hoy el

como parte de las acciones previstas en el proyecto europeo StoRE, y que ha reunido en su sede 
de Pamplona a una treintena de personas.

 principales barreras y posibles estrategias 
para superarlas en los

de los socios que participan en el proyecto, 7 en total.

El proyecto stoRE ha publicado, hasta la fecha, varios informes. En uno de ellos: Overview of 
current status and future development scenarios of the electricity system, and assessment of the 
energy storage needs (2013) muestra

 adicional no es necesario, como consecuencia de una elevada potencia instalada de 
 surge una necesidad de 

 para evitar recortes significativos a la 
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Otro informe: Recommendations for furthering the sustainable Development of Bulk Energy 
Storage Facilities (2012) indica que el desarrollo actual de las instalaciones de almacenamiento es 
un proceso ineficientemente conducido, que genera
extra de tiempo y dinero. Este
de los Gobiernos nacionales para determinar las necesidades particulares de almacenamiento de 

 eficientes, para determinar localizaciones 
adecuadas y para desarrollar directrices claras.

 europeo ha permitido detectar durante el 
desarrollo del proyecto que se

 objetivos y compromisos 20/20/20 en el 2020. Como 
 y de un proceso de consulta a nivel europeo se han propuesto una serie de 
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http://www.store-project.eu/en_GB/consultation-

spain .
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de Pamplona, a una treintena de 

personas.

Durante la jornada se identificaron las principales barreras y posibles estrategias para 

El proyecto stoRE en Europa

El proyecto stoRE ha publicado, hasta la fecha, varios informes. En uno de ellos: Overview

of current status and future development scenarios of the electricity system, and 

assessment of the energy storage needs (

Otro informe: Recommendations for furthering the sustainable Development of Bulk Energy 

Storage Facilities (2012) indica que el desarrollo actual de las instalaciones de 

almacenamiento es un proceso ineficientemente conducido, que genera riesgos 

directrices claras.
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Herausforderung: Alternativenergie braucht Speicherkraftwerke
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braucht-speicherkraftwerke/)

Pumpspeicherkraftwerk Kopswerk in Vorarlberg /

Pressefoto: Uni Wien – Copyright: Karl Zach

Wohin mit der Energie?

Ein höherer Anteil an Alternativenergie erhöht auch den Bedarf an Speicherkraftwerken.

(WK-intern) – An der TU Wien wurden Szenarien bis 2050 durchgerechnet: Österreich ist in einer deutlich besseren Situation als Deutschland.

Variable Energiequellen wie Sonne und Wind sollen in den nächsten Jahren noch weiter erschlossen werden. Doch wohin mit der Energie, wenn man sie gerade nicht

braucht? Und woher bekommt man sie, wenn das Wetter nicht mitspielt? Die TU Wien hat im Rahmen des von der EU-Kommission mitfinanzierten Forschungsprojekts

„stoRE“ die Zukunft der Alternativenergie und des Speicherbedarfs untersucht. Österreich ist durch die Kapazitäten der heimischen Pumpspeicherkraftwerke in einer

günstigen Situation. Vorteile zeigen sich bei internationaler Zusammenarbeit: In größeren Netzen können Überproduktionen und Engpässe einander besser

ausgleichen. Den Speicherbedarf Deutschlands mit Pumpspeichern in den Alpen zu decken, wird allerdings nicht möglich sein.

Neue Energien – neue Herausforderungen

Im Jahr 2011 machten erneuerbare Energien einen Anteil von über 60% an der österreichischen Stromerzeugung aus – darunter hauptsächlich Wasserkraft, aber auch

Windkraft, Photovoltaik und Biomasse. „Mitunter gab es sogar Zeitpunkte, zu denen erneuerbare Energien die gesamte Stromnachfrage decken konnten“, sagt Karl

Zach von der „Energy Economics Group“ am Institut für Energiesysteme und elektrische Antriebe der TU Wien.

Allerdings ist es mit der alleinigen Gewinnung von erneuerbarer Energie längst nicht getan – ebenso wichtig ist die Frage, wie überschüssige Energie aus variablen

Quellen für einen späteren Zeitpunkt verwendbar gemacht werden kann. Die bislang effektivste Methode zur Speicherung elektrischer Energie ist ihre Umwandlung

mithilfe von Pumpspeicherkraftwerken in gebirgigen Gegenden. Mit überschüssigem Strom wird Wasser aus einem Unter- in ein Oberbecken gepumpt und im

Bedarfsfall wird Strom erzeugt, indem Wasser aus dem Ober- in das Unterbecken fließt und dabei eine Turbine antreibt. Bei dieser Methode gehen nur ungefähr 10%

der Energie im Laufe der Umwandlung verloren – sie ist damit deutlich effizienter als andere großtechnische Speichermethoden.

Ob auch bei weiterer Erschließung erneuerbarer Quellen noch genügend Kapazitäten zur Speicherung vorhanden sein werden, analysierte die „Energy Economics

Group“ gemeinsam mit der Helmut-Schmidt-Universität aus Hamburg. Die Berechnungen erfoglten anhand von Computersimulationen, mit welchen die Entwicklung des

Energiespeicherbedarfs zur Integration variabler erneuerbarer Stromerzeugung in Österreich bis 2020 sowie bis 2050 abgeschätzt werden konnten.

Österreich als Energie-Exporteur

Betrachtet man Österreich als isoliertes System, entstehen zumindest bis 2020 trotz Steigerung des Alternativenergie-Anteils keine Probleme für die

Pumpspeicherkraftwerke: Überproduktionen können weiterhin gut abgefangen werden. Bis 2050 ergeben sich allerdings Schwierigkeiten, wenn man von jenen

Szenarien ausgeht, die einen niedrigen Stromverbrauch der Bevölkerung und einen massiven Ausbau erneuerbarer Quellen annehmen – 10% der Einspeisung in das

Stromnetz würde dann den Berechnungen nach zurückgewiesen. Es müssten, neben dem bereits in den Szenarien einberechneten Ausbau, zusätzliche

Pumpspeicherkraftwerke errichtet werden, um die gesamte überschüssige Energie aufzunehmen. „Das schaffen irgendwann nicht einmal mehr die Alpen“, meint Zach

dazu.

Daher ist der Export von Strom aus erneuerbaren Quellen für Österreich ein wichtiges Instrument zur Regulierung. Nach den Berechnungen der „Energy Economics

Group“ könnte Österreich bis 2050 sogar zum Nettoexporteur von erneuerbarer Energie werden.

Synergieeffekte zwischen Österreich und Deutschland

Die Effekte des Austauschs von Energie über Staatsgrenzen hinweg wurden am Beispiel Deutschland und Österreich analysiert. „In Deutschland ist die Situation

problematischer, es gibt zu wenig geeignete Standorte, um genügend Pumpspeicherkraftwerke in Betrieb zu nehmen.“, so Zach. „Betrachtet man allerdings das

kombinierte System Österreich-Deutschland, so lassen sich Synergieeffekte beobachten.“ Schließlich treten wetterbedingte Stromproduktions-Spitzen nicht überall

gleichzeitig auf. Wenn in Deutschland, beispielsweise in den zahlreichen Offshore-Windparks, ein Überschuss an Energie erzeugt wird, exportiert man den Strom nach

Österreich, wo er entweder gespeichert oder in das Netz eingespeist wird. Umgekehrt kann Österreich bei Überproduktion Strom nach Deutschland exportieren.

„Trotzdem bräuchte man deutlich mehr Pumpspeicherkraftwerke und Übertragungsnetzkapazität zwischen den Ländern, um die gesamte Spitze abzufangen.“, erklärt

Zach.

Für das EU-Projekt „stoRE“ wurden solche Simulationen, sowie auch Studien zu den Marktrahmenbedingungen für den Ausbau von Energiespeichern in den sechs

EU-Ländern Dänemark, Deutschland, Griechenland, Irland, Österreich und Spanien durchgeführt.

PM: Uni Wien
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��	��
���  �
����, �	 !
�"���� �� 2050: �����	�, 	������ ��� ��������	�	� �
�
	��" ���

�
�������������	 ��� #�
�
�	�� 29 ��������� 2013, 
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� #�����
�� ���

%�&�������� ��� ������� '	�
�&��� #����	��	��� ��� �� �
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�� (�
���������� '������
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��������� ��� �	���������� 	�	���	�� 
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�	���� �����.
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�� +�
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���	�	���� ���� ��� 120 	��
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��	��
���
������ ��� ��
��, ����� ��� �
�	��� �	����������� $�������.
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����
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� ��	��
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�	���, ��� 	������	�	� �����	� ��� 
�
������� ��� ���
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�	���
��� ��� �������
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�	����� 	�	���
	��, ����� ��� ��� �	
�&����������
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	�� ����. ���
��, ��
��
��
����� ��� ���������� �� ����	��
���� ��� ��	��
������
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�����	 �	 
�	���� 	
������������, �� ����� 
�����
����	 ���

	���	������� 	��
�����	�. -����, 
�"�������� �� �
�&������ ��� ���
	� �� 	�����
��� � ��

����
�	
�
��� ��� �������
� ��� ����
������ 
�����, ����� ��� �� ��������	�	� �
�
	�� ���

��� �
����
� ��� ��������� �
���.

!� ���.	�� ��� 	������ ��� 	�$
�
����� 
��� ��	��
����� ���&���	�
� 	��&	&�������� 
	

�	���� &���� ��� ��� ��
��
��
	�� ��� ��� 
�"���
	�� ��� ��	
����, ��� �����
�����	 ���

���������� ������������� 
��� �
�
$��� �
���
� ��� /�� ��� �� ��� 
����
���� ����
��

	�����
��
�� ��� �	����
���� ������� ������	�
�� 	��
�	��� 
�� 	������� 
�
����.

��������	
 �����
�
 ��� ��������

'����	� �����
������	�
�� 1 GW ����������� ��� ��� ���
��
��� �... http://www.energypress.gr/news/Monades-antlhsiotamieyshs-1-GW-apa...

1 von 2 04.07.2014 10:13



- ,����
�� #���������, 0��������,  ���� '���������� '�������� �'#

- 1������ ������
��������, ��. 0��������, ��
�
 �����
����� ������	�� ���

-  ���
�� #�������
���, ��. 0��������, ��
�
 ���	��
����� ������	�� 	�� ������	��

��
�
������ ���

- ,����
�� '��������, 2����
��, ����
��	� ��������
��
 � ����

--------------

����� ���� �	
���	� ����� ��� 
�	������� ��� �	� �.���������� ����
�� �� �
� �����������

������
���������� ���� ������

���������	
��
�
�������������

���	����
��	���	��	�����	����������	������	���	�����	�����	
��

�������

���������	
��
�
�������������

���	����
��	���	��	�����	����������	������	���	�����	�����	
��

�������

����	� 	� �� 

  ���

'����	� �����
������	�
�� 1 GW ����������� ��� ��� ���
��
��� �... http://www.energypress.gr/news/Monades-antlhsiotamieyshs-1-GW-apa...

2 von 2 04.07.2014 10:13



PHS186 – Energiespeicher

Die aktuelle Ausgabe der Physikalischen Soiree beschäftigt

sich mit Energiespeichern.

Was kann man mit überschüssiger elektrischer Energie in

Österreich tun.

Karl Zach hat ausgerechnet, wie lange die Pumpspeicher

noch reichen.

Wir sprechen über den österreichischen Mix an Kraftwerksarten, die Aufteilung von Grund-

und Spitzenlast, Entwicklung und Modellrechnung, Energiespeicherung in Pumpkraftwerken,

alternative Methoden der Energiespeicherung, Politische Rahmen und die Vernetzung mit dem

restlichen Europa.
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Dipl.-Ing. Karl Anton Zach

Energy Economics Group, TU Wien

Links: Pressemitteilung der TU Wien | Publikation: “Abschätzung des zukünftigen

Energiespeicherbedarfs in Österreich zur Integration variabler erneuerbarer Stromerzeugung”

| Podcast Modellansatz: Pumpspeicher Modellierung
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Kraftwerke | Netzfrequenz | Last | Regulator | Netzbetreiber | Industriekunden | Strompreis |

Pumpspeicherkraftwerke | Netzfrequenz | Europäischer Netzregelverbund | Negative

Strompreise | Gesamtwirtschaft | Demand Side Management | Speicher in Bergwerken |

Batterien | Elektromobilität | Mühlbach | Verbrauchsverlauf | Smart Meter | Druckluftspeicher

|Adiabate Druckluftspeicher | Power to Gas | Wirkungsgrad | Bürgersolaranlage |

Regulatoren | Arbeitsbereich Energie
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Foto: Karl Zach

Duration: 00:54:57 Published by Lothar Bodingbauer under Creative Commons Attribution-

NonCommercial-NoDerivs 3.0 Austria.
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��� ����� ���	 
�������
���� ��� ������ ��� ����
����� ����� StoRE (www.store-
project.eu), 
�� ���� �� ����������� �� �����	����� ���
������ ���	�� �� ��	��� ���
����! ��������� "����#����� $��#� %�������� ("$%) ��� ����
���	 ��������	 ������
��� 
�������� ���������, � ��
��#���� �� �������	 ��� ��� ����������� �
��!������
���������. ���� ������! ������ ������� �������� ��� �����#� �� �
������ �
��!������
���������, 
���������� �� �
�������� ����	 
�����	 ���������� "$% ��� �������
��������!� ��������� ��� %������ ��� �
	����� ���������, ��� �� 2050. ��� ��������,
����������� � �������	���� ��������!� ���� ������� �
��!������ ��������� ��
���������������� ("��������� &������������� ������� – "&'�), ���#� ��� � ���
��	����
��� (�����	���� ���� �
	 ���������! ��� ���������! �
���. )�� ��� ������� ��� �������
���
������� ��� �����	����� �����	 ��������	, �� �� �
��� 
�������#������ �� �����
����������� �������������� ��� ��������������� ���������� ����!����� ��� �#��� ���
�������! ��� ����! ��� ���� 
��(��
	���� ���������! ��� ���
�� �.
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Studie: Druckluft-Speicher besser als Pump-Speicher

Hamburg – Forscher der Hamburger Helmut-Schmidt-Universität haben den Energiespeicherbedarf
europäischer Ländern unter die Lupe genommen. Sie wollten herausfinden, wie ein Netz von
Energiespeichern aussehen müsste, um die Energiewende in Europa vollständig umsetzen zu können.

Ausgangspunkt ist, dass die Energiewende aus Sicht der Wissenschaftler aufgrund fehlender
Speichermöglichkeiten derzeit nicht wirtschaftlich umsetzbar ist. In der Untersuchung wurde nun der
Speicherbedarf von sechs Ländern vorausberechnet. Zudem wurden Richtlinien für die Speicher-Konstruktion
in umwelttechnisch sensiblen Regionen entwickelt. Ein Fazit der Studie lautet, dass Druckluft-Speicher
gerade in diesen Regionen aus ökologischer Sicht den Pump-Speichern vorzuziehen sind.

Sichere Stromversorgung nur mit Energiespeichern

Eine sichere und nachhaltige Stromversorgung könne nur mit flächendeckenden Energiespeichern erreicht
werden. Daher wurde im „stoRE“ genannten Projekt untersucht, wie eine Speicher-Infrastruktur geschaffen
werden kann, die die Integration von erneuerbaren Energien ins Elektrizitätsnetz in vollem Umfang
ermöglicht. Auf Basis einer EU-Direktive (2009/28/EG) sind die Mitgliedsstaaten aufgefordert, neue
Speichermöglichkeiten zu erschließen und nationale Aktionspläne für erneuerbare Energie zu erarbeiten.

EU-Kommission diskutiert Vorschläge

Um eine Übereinkunft zwischen Energieversogern, Umweltorganisationen und Gesetzgebern über die
Anpassung der europäischen Energie- und Marktstruktur zu erzielen, hat das neunköpfige, aus sieben
Ländern stammende Team an konkreten Vorschlägen gearbeitet. Diese sollen nun in den Gremien der
EU-Kommission diskutiert werden. Auch die möglichen Umweltauswirkungen der verschiedenen
Speichertechnologien wurden im Rahmen der Studie aufgezeigt.

Druckluftspeicher besser als Pumpspeicher in sensiblen Regionen

Ein Ergebnis laurtet, dass in ökologisch sensiblen Regionen unterirdische Druckluftspeicherwerke besser
geeignet seien als Pumpspeicherwerke. Dies liege insbesondere am geringeren Platzbedarf. Allerdings sei
auch zu berücksichtigen, dass die Druckluftspeicher einen geringeren Wirkungsgrad und höhere Baukosten
hätten. Einbezogen wurden bei der Untersuchung auch Umweltorganisationen wie Greenpeace, BUND, WWF
und das Directorate-General for the Environment der EU-Kommission. Zusammen mit diesen Organisationen
ist ein Leitfaden für die Planung von Pumpspeicherwerken in umwelttechnisch sensiblen Regionen entwickelt
worden. Der Leitfaden wird noch in den Gremien der EU beraten und soll als Empfehlung in die europäischen
Richtlinien übernommen werden.

Weitere Informationen und Nachrichten zum Thema:

Befürworter von Power to Gas fordern bessere Rahmenbedingungen

Wie Nanotechnologie Solarzellen und Energiespeicher voranbringen wird

3. Energiekongress

Weitere Nachrichten aus der Forschung

© IWR, 2014
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Bereitstellung von Flexibilität durch großtechnische 
Elektrizitätsspeicher und Übertragungsnetzausbau in 

zukünftigen Energiesystemen mit hohem Anteil 
erneuerbarer Energien

Karl Anton ZACH1, Hans AUER, Günther KÖRBLER
Energy Economics Group (EEG), Institut für Energiesysteme und Elektrische Antriebe, 

Technische Universität Wien

Motivation und zentrale Fragestellung

Der signifikant steigende Einsatz erneuerbarer Energien zu Stromerzeugung (RES-E) wie Wind (on-
und offshore) und Photovoltaik (PV) verändert die Art und Weise wie Elektrizitätssysteme in der 
Zukunft betrieben und verwaltet werden müssen. Aufgrund des hohen Anteils variabler RES-E
(hauptsächlich Wind) werden zukünftige Elektrizitätssysteme auf mehreren Zeitskalen und in beiden 
Dimensionen, sowohl in der “Amplitude“ als auch der “Frequenz“, zusätzlich beansprucht. Daher 
müssen geeignete Technologien implementiert werden, die die nötige Flexibilität in das zukünftige 
Elektrizitätssystem bringen. Die beiden aussichtsreichsten Kandidaten in diesem Kontext sind:

• Technologien zur Speicherung großer Energiemengen wie Pumpspeicher (PHES) und / oder 
Druckluftspeicher (CAES) und

• Erweiterung der Übertragungsnetzkapazitäten um Zugriff zu flexibler Stromerzeugung / Märkten 
zu bekommen 

Die Fähigkeit von großtechnischen Elektrizitätsspeichern (GES) schnell große Mengen an 
gespeicherter Elektrizität freizusetzen oder die Last zu gewissen Zeitpunkten zu reduzieren (z.B. 
Bereitstellung von Regelenergie, Lastglättung, etc.) kann viele Probleme abschwächen / lösen die in 
einem Elektrizitätssystem mit hohem Anteil variabler RES-E auftreten können. Einerseits rufen 
zusätzliche variable RES-E häufigere Preisfluktuationen in Energiesystem hervor, andererseits 
verringern sie aber den Preisunterschied zwischen Spitzen- und Grundlast-Perioden. Dieser 
Preisunterschied ist aber ein essentieller Parameter für die Bestimmung der Ökonomie von 
Energiespeichern. 

Die Bereitstellung von Flexibilität für ein Elektrizitätssystem muss aber nicht notwendigerweise 
innerhalb eines einzelnen Staates / Marktes erfolgen. Die Erweiterung des Übertragungsnetzes kann 
Synergien in benachbarte Energiesysteme bringen; neben anderen (z.B. Marktkopplung, 
Versorgungssicherheit, etc.) kann eine Übertragungsnetzerweiterung signifikant dazu beitragen 
großtechnische Erzeugungszentren variabler RES-E mit Zentren flexibler Stromerzeugung in einem 
europäischen Kontext zu verbinden.

Dieses Paper analysiert die Bereitstellung von Flexibilität für zukünftige Elektrizitätssysteme durch 
GES als auch durch Übertragungsnetzausbau basierend auf einer qualitativen und quantitativen 
Analyse der zukünftigen Zusammensetzung der Elektrizitätssysteme in europäischen Regionen2.

Methodische Vorgangsweise

Zuerst werden zukünftige Ausbaupotentiale von GES in europäischen Ländern erhoben. Diese 
Analyse basiert auf relevanten existierenden Studien, Modellergebnissen und Daten zum projektierten 
Ausbau von GES in Europa ([1], [2], [3], [4] und [5]). Im nächsten Schritt werden die identifizierten 
GES-Potentiale mit der örtlichen Verteilung zukünftiger Erzeugung erneuerbarer Energien auf Landes-
bzw. Regionen-Basis in Europa abgeglichen um mögliche direkte Vorteile von GES-
Implementierungen zum Ausbalancieren des lokalen Elektrizitätssystems abzuschätzen. Für die 
zukünftige Erzeugung erneuerbarer Energien werden zwei verschiedene Ausbau-Szenarien (Green & 
BAU) jeweils bis zum Jahr 2030 und 2050 mit Hilfe der Modellierungssoftware Green-X [6] entwickelt. 
Um Engpässe im europäischen Übertragungsnetz zwischen einzelnen Ländern zu berücksichtigen, 
werden die europäischen Länder in neun Region zusammengefasst (die Zuteilung der Länder zu 

1 Gusshausstrasse 25-29/370-3, 1040 Wien, Tel: +43-1-58801-370366, Fax: +43-1-58801-370397, 
Email: zach@eeg.tuwien.ac.at, Web: www.eeg.tuwien.ac.at
2 Dieses Paper wurde im Rahmen des Forschungsprojekts “stoRE“ (www.store-project.eu) erstellt, ko-
finanziert durch das “Intelligent Energy Europe“ Programm der Europäischen Union. 



Regionen basiert auf relevanten EC- & ENTSO-E-Dokumenten [7], [8] & [9]). Last- bzw. 
Restlastkurven für die neun analysierten europäischen Regionen werden mit stündlicher Auflösung für 
beide Szenarien erzeugt und der mögliche Beitrag von GES wird analysiert. Für die unterschiedlichen 
ausgewählten Fallstudien wird die Ökonomie von GES unter verschiedenen 
Bedingungen / Beschränkungen diskutiert.

Danach wird der Beitrag von möglichen zukünftigen Übertragungsnetzerweiterungen für das 
Zusammenführen von Zentren variabler RES-E und GES und / oder flexibler konventioneller 
Stromerzeugung (z.B. Gas- oder GuD-Kraftwerke) in verschiedenen europäischen Regionen 
analysiert. Es ist wichtig darauf hinzuweisen, dass Investitionen ins Übertragungsnetz auch 
zusätzliche Vorteile (z.B. Marktkopplung, Versorgungssicherheit) mit sich bringen, die ebenfalls 
berücksichtigt werden.

Ergebnisse und Schlussfolgerungen

Aufgrund des altersbedingten Abschaltens von thermischen Kraftwerken werden in vielen Regionen 
bereits im Jahr 2030 neue Kraftwerkskapazitäten benötigt. Die Kluft zwischen Residuallast und 
thermischer Erzeugung kann entweder mit neuen PHES (sofern zusätzliche Potentiale in der Region 
vorhanden sind) oder mit thermischen Kraftwerken gefüllt werden. Welche Technologie schließlich 
benutzt wird hängt von den ökonomischen Parametern des Kraftwerkstyps ab (d.h. 
Stromerzeugungskosten abhängig von den Primärenergiekosten, CO2 Preisen, etc.). Die 
wirtschaftlichste thermische Kraftwerkstechnologie ist auch die Benchmark für neue PHES Kraftwerke 
in der Region. 

Nur die Region „Iberische Halbinsel“ (Spanien & Portugal) hat genügend flexible 
Kraftwerkskapazitäten (Gas- und PHES-Kraftwerke) im System zur Verfügung um auch längerfristig 
die Residuallast decken zu können (v.a. wegen großen Investitionen in Gas-befeuerte thermische 
Kraftwerke innerhalb der letzten 10 Jahre). Des Weiteren übersteigt in der Region die RES-E
Einspeisung den Verbrauch um mehr als die halbe Zeit im Jahr 2050 im Green-Szenario. Dieser RES-
E Überschuss kann für GES und / oder Exporte zu benachbarten Regionen benutzt werden.

Auch die „Nordische Region“ (Norwegen, Schweden & Finnland) könnte aufgrund der großen Mengen
an flexiblen Wasserkraftwerken signifikant zum Ausgleich benachbarter Regionen beitragen falls die 
Übertragungsnetze signifikant erweitert werden.

Im Allgemeinen kann festgestellt werden, dass existierende und neue PHES (und zusätzliche flexible 
thermische Kraftwerke) in fast allen Regionen dringend benötigt werden um die zukünftige 
Stromerzeugungs-Kluft zu schließen. Im Gegensatz zu fossil-befeuerten thermischen Kraftwerken 
können PHES Flexibilität ohne zusätzliche CO2 Emissionen bereitstellen und dabei helfen die 
zukünftige RES-E voll nutzbar zu machen.

Beide Technologieoptionen, zusätzliche GES als auch Übertragungsnetzausbau, werden benötigt um 
das zukünftige Europäische Elektrizitätssystem mit hohem Anteil von RES-E perfekt betreiben zu 
können. Allerdings leiden beide Technologieoptionen unter demselben Problem einer geringen 
sozialen Akzeptanz, die es zu überwinden gilt.
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Abstract— The share of renewable energies on the net 
electricity consumption is rising rapidly all over the world and 
governmental goals of a full renewable electricity supply by 2050 

are getting more and more common. Especially intermittent, non-
controllable energy sources like wind and sun will play a 

significant role to reach these targets. The fluctuating nature of 
these two energy carriers will pose some mature problems to 
energy supply systems. Solving these problems will be one of the 
mayor challenges in the next decades. With an installed amount 
of non-controllable power that exceeds the yearly peak load, 
situations will occur with a surplus of energy that can be rejected, 
exported or stored. This paper deals with an empirical approach 

to estimate the future energy storage needs from an electricity 
system point of view. The energy storage needs will further be 
divided into short and long term energy storage. 

Index Terms—Energy system simulation, energy storage, 
renewable energies 

I. INTRODUCTION

Since the promotion of renewable energies (RE) on a 
European level started in the year 2000, the share of renewable 
sources on the electricity but also energy production for other 
sectors like heat and transport is increasing rapidly. This is 
mainly due to the strong and fast development of wind and 
solar power. In the year 2020 the installed amount of 
renewable energies will exceed the yearly peak load in many 
European countries. This will consequently lead to situations 
where the renewable generation units produce more energy 
than needed in the particular country. This surplus of energy 
can either be stored to provide it again at times with a shortage 
of energy, exported to neighbouring countries or rejected by 
down regulating the production units. Rejecting the energy 
should be avoided because the electricity production costs of 
RE are almost zero as the primary energy carrier is free. 
Exporting the energy will not always be possible as there is a 
high time correlation of wind and solar production in 
neighbouring countries [1], [2]. The last option is to store the 
energy. In energy supply systems with a high share of 
fluctuating renewable energies, energy storage will also be 
needed to shift the energy between times of surpluses and 
times of shortages. Furthermore energy storage can bring a lot 
of benefits to whole electricity system by improving the 
system stability and by providing ancillary services, which are 
up to date mainly provided by fossil fired power plants [3].  

The fact that energy storage will be needed in future energy 
supply systems is well accepted among experts and in the 
literature [4]-[6]. The power and capacity that will be needed 

differs widely in different studies as well as the question of 
which technology to use. Apart of mature and well-established 
technologies like batteries and pumped hydro energy storage 
(PHES) new and innovative ideas are pushing into the market, 
for example see [7]-[11].  

For the further investigation energy storage systems (ESS) 
will be classified into two general categories, short and long 
term energy storage systems. To which category a particular 
facility belongs depends on its maximum full load hours and 
the operational strategy. Short term energy storage (SES) is 
here an energy storage facility with storage cycles on a daily 
basis and thus full load hours of maximum 24 hours. Known 
technologies for this category are conventional energy storage 
systems like PHES and Compressed Air Energy Storage 
(CAES). Long term energy storage (LES) is defined as an ESS 
that can store energy for multiple days up to weeks.  The only 
mature technology in this category is the seasonal hydro 
energy storage e.g. in the European Alps. New technologies 
that are already in the pre-commercial development are 
Power2hydorgen or Power2gas where the surplus of energy is 
used to produce hydrogen and methane respectively. The 
produced gas can then either be used to reproduce electricity 
or for other sectors like transport or heating. 

This paper will discuss an empirical approach to calculate 
short and long term energy storage needs in electricity supply 
systems with a high share of renewable energies. The focus is 
on the overall need in the two categories and not on a certain 
storage technology. The methodology will be explained on the 
example of Germany. Calculations for different scenarios in 
selected European countries can be found in [12]. 

II. METHODOLOGY

The computation methodology follows three steps that will 
be discussed in the following. First the residual load (RL) for 
the scenario under investigation is calculated. Therefore, 
hourly load and production data of different years per primary 
energy carrier are used with their corresponding weather data. 
The second step is the calculation of the overall storage needs. 
For this purpose an algorithm was developed to estimate the 
energy storage needs just from a system point of view. The 
aim of the energy storage facilities in this approach is to 
integrate the maximum renewable energies possible without 
any focus on the electricity spot market price. As a last step 
the overall energy storage needs are separated into short and 
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long term storage needs. Afterwards the different settings 
regarding technical limits and constraints and other framework 
conditions are discussed and explained.  

A. Calculation of the residual load 

The residual load is defined as the load demand minus the 
production from non-controllable RE units and thus the load 
that has to be covered by the resulting power plant mix and 
import/export. When the residual load is negative, the energy 
production from these non-controllable sources exceeds the 
load demand. Thus there is a surplus of energy in the system.  
As mentioned before Germany will be used as the example to 
explain the methodology of the computation algorithm. For 
the calculation of the residual load in Germany only non-
controllable RE sources are taken into account. That includes 
the intermittent sources wind energy, photovoltaic and solar 
thermal energy. The non-controllable part of hydropower is 
taken into account as well. This includes small run-off the 
river power plants as well as the must-run production of 
seasonal storage plants like there are many in the Alps for 
example. Biomass and most of hydropower is regarded as 
controllable and thus is not part of the calculation.  An 
overview of the installed amount of different technologies in 
Germany for different scenarios with a share of 80 % RE on 
the net electricity generation is given in table 1.  

The load is calculated by the load demand within the 
regulation area of investigation, for Germany within the 
regulation area of the German TSOs TenneT, Amprion, 
TransnetBW and 50 Hertz. Hydropower production was 
obtained by published data from EEX. For wind and PV 
production, models where developed in the simulation 
software Matlab/Simulink. The weather data (global irradia 
tion, wind speeds, temperature) where provided by the 
German  

TABLE I
SCENARIOS FOR A RE SHARE OF 80% ON NET ELECTRICITY CONSUMPTION,

EXAMPLE GERMANY [5], [13]

 80% scenarios (in GW) 

A B C 

Thermal power 

plants 

Nuclear 0.0 
Lignite 0.0 
Coal 3.8 
Gas 15.2 
CHP plants 

Fossil 23.3 
Biomass 10.6 
Renewable Energies 

Wind 86 93 76 
Of which offshore 26 30 21 
PV 70 45 100 
Hydropower 5.7 
Other RE 4.2 
Yearly peak load 80.1 

weather service (DWD), the Internet platform S@tel-light and 
the database Meteonorm®. The models were validated with 15 
minutes measured values from PV and Wind power 
production in Germany. Fig. 1 is showing the results of the 
residual load calculation for scenario A, see table 1. As can be 
seen, the residual load turns often negative and surpluses of up 
to 50 GW appear. Without any storage or export, more than 
21 TWh of renewable energy would have to be rejected.  

Fig. 1. Residual load in Germany with an 80 % of RE on the net electricity 
consumption (Scenario 80% A in table 1) 

B. Calculation of total energy storage needs 

For the calculation of the energy storage needs an algorithm 
was developed to operate the storage system in a way to 
maximize the energy from renewable sources that can be 
integrated in the grid. The aim is to cut the peaks of the 
residual load to an optimum, achievable with available storage 
technologies. In general, the algorithm follows a peak shaving 
– valley filling strategy like pictured in Fig. 2. For the 
simulation, first a N-hour average value (A) for each point of 
investigation of the residual load is determined. The number 
(N) of hours taken into account depends on the smoothening 
of the residual load that is aimed for. For this purpose all 
values until N/2 hours before and after the given point are 
taking into account. The aim of the algorithm is now to 
approach the residual load to the N-hour average as much as 
possible with the provided energy storage facilities. Is A 
smaller than the residual load, the load has to be raised, if A is 
higher than the residual load, the load has to be lowered. 
When the residual load is negative, A is set to zero, so no 
negative values of A can appear. This can also be 
implemented for RE penetration limits1. If A would be below 
the penetration limit (flexible or static), A is set to the 
penetration limit.  

Fig. 2: Basic principle of the operation of an energy storage system [store 
Germany] 

1 A System Non-Synchronous-Penetration (SNSP) limit is the maximum 
amount of production units that are not directly connected to the grid (rotating 
with grid frequency) but through e.g. a converter. This limit can be static 
(value in GW) or flexible (value in % of load demand). 



Like this it is granted that – with enough storage capacity – 
the energy from renewable sources could be integrated in total 
and the resulting load can be handled by the left over thermal 
power plants and controllable RE. To maximize the accuracy 
of the simulation, the area between the measured values is 
interpolated with the factor 100. Furthermore for each 
charging and discharging cycle the maximum needed energy 
is determined by a simple integration between the particular 
intersections of the residual load and A. During a charging 
cycle the capacity of the particular ESS is calculated. After 
that a lower boundary for the interval is declared which is the 
minimum value of the residual load of this cycle, see Fig. 3. 
The actual storage capacity is divided by the time of the 
interval. That leads to the power the ESS could provide during 
the whole interval. When subtracting this amount of power 
from the lower boundary, the upper boundary is obtained. 
When the upper boundary is lower than the residual load, the 
boundary is set to the residual load for this interval. When it’s 
lower, the maximum power of the ESS is important. If the 
difference between upper and lower boundary is higher than 
the rated power of the energy storage technology the 
boundaries have to be adapted, see Fig. 4.  

That was the first cycle of the first storage technology for 
this interval. Now the storage capacity of the technology under 
investigation is reduced by the before stored energy. With this 
new storage capacity the cycle starts over again. This is just 
for the energy purpose; the already used power is hereby 
already taken into account. These loops finish either when the 
left-over storage capacity is less than 0.01 MWh or when the 
EES already provided/stored all the requested or storable 
energy. The still storable energy can be found when looking at 
difference of the storage capacity after each cycle. When the 
capacity does not change either the surplus of energy is fully 
stored or the ESS cannot store any more energy due to power 
limitations. After this iteration, the algorithm starts with the 
next technology that has a lower priority. Overall 6 different 
technologies can be investigated. The clear prioritization is 
made because of the investigation from an energy system 
point of view. Thus, the technology with the highest efficiency 
is used first and then the rest. The algorithm works in a similar 
way for the discharging cycles. When using a market model, 
the prioritization is turned off and the operation planning 
depends only on the lowest marginal costs.  

Fig. 3: Defining the boundaries in which the energy storage system could 
work, N=24 for this plot 

Fig. 4: Adapting the boundaries with respect to the rated power of the ESS, 
N=24 for this plot 

When setting the maximum integration of RE as the target 
of the ESS operation (no market based simulation), a further 
optimization algorithm was implemented. The optimization 
process starts when the residual load is below the penetration 
limit or below zero. In times the RL is positive the ESS 
operates, like described before, in a simple peak shaving – 
valley filling strategy. When the residual load is below the 
above-mentioned limits, the left over power plant mix cannot 
handle it any more and the energy would have to be rejected. 
For that reason, it is important to optimize the operation 
planning to integrate the maximum of these surpluses. If it can 
be expected that there will be a high surplus of renewable 
energies on the electricity system, the energy storage system 
(ESS) plans its operation in a way to be able to fully integrate 
this surplus. If the surplus of renewable energy is expected to 
exceed the capacity of the ESS, it tries to plan the operation in 
a way to empty the reservoirs completely before to integrate as 
much renewable energy as possible.   

For an estimation of the storage needs of an electricity 
supply system, the existing ESS system has to be implemented 
first. To determine the additional storage needs a further ESS 
is introduced with unlimited power and unlimited storage 
capacity. Due to the unlimited nature of the ESS all energy 
from renewable sources will be integrated. The used power 
and the used capacity of the unlimited storage technology is 
the indicator of how much energy storage would be needed to 
fully integrate all renewables and based on this results a 
realistic amount of new installations can be estimated. 

The energy storage needs can be calculated with an 
operation planning based on forecasts or on real feed-
in/weather data. Due to forecast uncertainties the storage 
needs are slightly higher when using weather forecasts. For 
the simulations carried out within this paper the calculations 
are based on real feed-in data. Figures 5 to 8 are showing the 
results of the simulation for Germany and a share of 
renewable energies of 80 % on the net electricity 
consumption. There are 86 GW of wind turbines installed (of 
which 26 are offshore) and 70 GW of photovoltaic, see 
scenario A in table 1. Figures 5 and 6 are showing the 
operation of the expected PHES system (8 GW, 60 GWh) with 
a zoom on hours 6000 to 6200. Positive values in the power 
plots indicate charging mode, negative values indicate 



discharging mode respectively. The PHES system is charged 
and discharged very often during the whole year. The capacity 
factor reaches 49.59 %, which ensures the possibility of an 
economical operation. Figures 7 and 8 are showing the 
operation of ESS 2. The charging level of ESS 2 reaches 1,308 
GWh around hour 3000. This is more than 30 times the size of 
the actual German PHES system (~40 GWh). This surplus is 
due to a long period of sunny days and additional constant 
feed in from wind. This effect can also be observed in the 
residual load curve in Fig. 1. Around hour 3000 the highest 
negative peaks of the residual load appear and thus produce 
this high surplus of energy that cannot be discharged right 
away because there residual load does not turn positive often 
enough. The same effect can be observed when looking at the 
used power. Some few hundred hours before hour 3000, the 
storage system is almost continuously in charging mode. The 
last peak that appears at the end of the year is mainly due to 
strong wind energy penetration. This strong wind energy 
penetration is constant almost from hour 8000 to the end of the 
year which can also be observed in the low residual load and 
the needed charging power. As can be seen in the Fig. 8 the 
curve of the charging level is likely the one of seasonal storage 
plants. The ESS is charged and discharged only a few times a 
year. Due to the unlimited nature of ESS 2 the needed power 
is very high, 38.8 GW in charging mode and 25.2 GW in 
discharging mode and this results in an overall low capacity 
factor of 11.82 %. All outcomes of the scenarios shown in 
table 1 are summarized in table 2. 

Fig. 5: Power at the existing PHES system in Germany (max. 8 GW) with an 
80% share of renewable energies and installed RE like in table 1, scenario A, 
zoom on hours 6000 to 6200 

Fig. 6: Charging level of existing PHES system (100 % equals 60 GWh) with 
an 80% share of renewable energies with installed RE like in table 1, scenario 
A, zoom on hours 6000 to 6200  

Fig. 7: Power at ESS 2 with an 80% share of renewable energies with installed 
RE like in table 1 

Fig. 8: Charging level of ESS 2 with an 80% share of renewable energies and 
installed RE like in table 1 

TABLE 2 
OVERVIEW OF OUTCOMES OF THE TOTAL ENERGY STORAGE 

NEEDS CALCULATIONS FOR SCENARIOS A TO C FROM TABLE 1 

Scenario Needed power  

(ESS 2) in GW 

Needed capacity  

( ESS 2) in GWh 

Charging Discharging 

A 38.79 25.17 1,308 

B 31.85 25.74 1,534 

C 55.16 29.04 950 

Capacity factor

 ESS 1 ESS 2 

Charge Disch. Total Charge Disch. Total 

A 27.17% 22.42 % 49.59 % 5.43 % 6.39 % 11.82%

B 24.99 % 20.32 % 45.31 % 4.97 % 4.48 % 9.45 % 

C 30.03 % 24.59 % 54.62 % 5.36 % 8.07 % 13.43 %

C. Setting technical limits and constraints for the different energy 

storage technologies 

The calculations in the previous chapter were made without 
any technical limits or constraints, just to estimate the total 
future energy storage needs. This was done because the focus 
on a specific technology was avoided. For the separation of 
the total energy storage needs into short and long term, the 
technical limits and constraints of the available technologies in 
the two categories in the specific country have to be taken into 
account to enable realistic results.  To adapt the simulation to 
realistic framework conditions, different settings can be made.  



Power and capacity limitations 
Is needed e.g. to set the power and capacity of the possible 
or expected energy storage system 

Setting minimum capacity factor 
As a rule of thumb a capacity factor of minimum 25 % is 
needed to guarantee an economical operation of the storage 
facility. The capacity factor can be set according to the 
calculations for each country. 
Cycle efficiencies 
The cycle efficiencies of short and long term energy 
storage technologies can differ widely. PHES systems e.g. 
have a cycle efficiency of up to 85 % whereas 
Power2Hydrogen has only around 30 % [14] 

D. Separation of long and short term storage needs 

For the separation of long and short term storage needs, the 
charging level curve is transformed with a Fourier 
transformation. Like this it is possible to separate some 
selected frequencies from the curve. With this separation 
different storage technologies can be extracted. For this paper 
the benchmark for the separation is a period time (T) of 48 
hours. Like this the storage needs are separated into short and 
long term energy storage needs. For real time simulations a 
further separation for ultra short time energy storage like 
flywheels, super capacitors etc. can be made. For this paper 
the production and load curves taken as a base are hourly 
values. Thus the separation is only between short and long 
term energy storage. Ultra short term energy storage cannot be 
calculated with this resolution. Figures 9 and 10 are showing 
the outcome of the separation for a short term ESS with a 
capacity of 100 GWh and an installed power of 12 GW. The 
cycle efficiency was set to 85 %. For long term energy storage 
the cycle efficiency was set to 40 %, but neither capacity nor 
power limitation has been set. 

Fig. 9: Charging level of short term energy storage system with a capacity of 
100 GWh, an installed power of 12 GW and a cycle efficiency of 85 % 

Fig. 10: Charging level of long term energy storage system 

As can be seen the short term energy storage system is used to 
a high extend and is charged and discharged very often. As a 
result the capacity factor is high with 36.5 %. Due to missing 
power limitations the maximum used power for long term 
storage is pretty high (10 GW in charging mode, 7.5 GW in 
discharging mode). This results in the end in an overall low 
capacity factor for the LES system of 17.22 %. The rejected 
energy due to the limitations of the short term energy storage 
system is 6.3 TWh and it will increase when introducing a 
minimum capacity factor of 25 % for the LES system.  

E. Integrating the heating and transport sector 

The heating as well as the transport sector is seen as a one 
directional energy storage system. This means that electricity 
can be stored but not provided anymore afterwards because 
the energy is used otherwise. The simulation ensures in both 
sectors that storage capacity is never empty because the heat 
or fuel demand has to be covered at all time. As an example 
for the integration of the heating sector the electricity and 
heating system of Denmark will be used. 

Denmark has a lot of district heating power plants where 
there are already electric boilers installed. With these electric 
boilers and the thermal storage capacity of the district heating 
plants wind energy can be balanced out to certain extend. For 
the future development also heat pumps will have to be 
integrated in the simulation. The installed amount of heat 
pumps and electric boilers are shown in table 3, where DH 
stands for District Heating. For Western Denmark a heat 
storage capacity of 610.000 m³ was calculated. With a 
temperature difference of 50 °C between inlet and outlet and 
an utilization of 90 % the storable energy is 31.8 MWhth. It is 
assumed that only 80 % of the storage can be used which leads 
to a usable capacity of 25.4 MWhth. A more detailed 
explanation of the calculation of the heat storage capacity and 
the assumptions made can be found in [2]. Furthermore, there 
are two assumptions made for the simulation: 

During positive residual load the heat demand is covered 
by the CHP, bio fueled and centralized power plants. The 
heat storage is used accordingly to the operation planning 
of the particular power plant. The planning of the operation 
should be in a way that the storage capacity is fully 
available when a surplus of renewable energy is expected. 
During periods with surplus of renewable energy the heat 
storage capacity is fully available 

TABLE 3 
DEVELOPMENT OF INSTALLED ELECTRIC BOILERS AND HEAT 

PUMPS IN WESTERN DENMARK UP TO THE YEAR 2035

Western Denmark   2012 2020 2035 

Heat pumps (DH) MWel 0 44 82 

Heat pumps (indiv.) MWel 40 222 631 

Elec. Boilers (DH) MWel 207 244 244 

Total MWel 247 510 957 



Figure 11 is showing the results of the simulation with a zoom 
on hours 4000 to 4800. During times of negative RL the 
electric boilers and heat pumps are consuming electricity to 
produce heat and therefore are lowering the surplus of 
renewable energy.  

Fig. 11: Above: Residual load before (red) and after (blue) the use of electric 
boilers and heat pumps for the integration of surplus energy in Denmark, 
2035. Below: Power consumption of electric boilers and heat pumps. 1 GW 
installed power and 25 GWh of heat storage capacity 

Finally these outcomes will be integrated in the energy storage 
needs calculation. Due to the integration of the heating sector 
the total energy storage needs, especially short term can be 
lowered.  
The integration of the transport sector is working in the same 
way. Instead of heat consumption, the fuel consumption is 
needed for the simulation.  

III. CONCLUSION

In this paper a simple and effective approach to calculate the 
energy storage needs of an electricity supply system has been 
shown and analyzed. It has been demonstrated that with the 
used algorithm a good estimation about future storage needs, 
short as well as long term, can be given. Furthermore the 
transportation sector (e.g. hydrogen or methane production for 
vehicles) and the heating sector can be taken into account and 
thus a good overview of the future needs in an electricity 
system can be given taken also into account the development 
potential in different areas. 

IV. OUTLOOK

The calculations have been made for selected European 
countries [12] and will be expended on a European level soon, 
together with an optimization tool to minimize the future 
energy storage needs. This will be done by optimizing the 
support and thus the development of RE technologies. 
Furthermore transmission capacities between the different 
countries under investigation will be introduced to enable the 
determination of the influence energy export can have on the 
energy storage needs. 
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