
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-3355-5 
 

10th International Renewable 
Energy Storage Conference  
(IRES 2016) 
 

Dusseldorf, Germany 
15 - 17 March 2016 

 

Editors: 
 
Peter Droege 
 
 

 

 

Energy Procedia Volume 99 

 
 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© by Elsevier B.V. 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2017) 
  
For permission requests, please contact Elsevier B.V. 
at the address below. 
  
Elsevier B.V. 
Radarweg 29 
Amsterdam 1043 NX 
The Netherlands 
 
 
Phone:  +31 20 485 3911 
Fax:  +31 20 485 2457 
 
http://www.elsevierpublishingsolutions.com/contact.asp 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 
 

EDITORIAL TO THE PROCEEDINGS OF THE 10TH INTERNATIONAL RENEWABLE 
ENERGY STORAGE CONFERENCE (IRES 2016) ......................................................................................................... 1

Peter Droege 
 

SIZING OF BATTERY CONVERTERS FOR RESIDENTIAL PV STORAGE SYSTEMS......................................... 3
Johannes Weniger, Tjarko Tjaden, Joseph Bergner, Volker Quaschning 

 

MODEL-BASED ECONOMIC ASSESSMENT OF STATIONARY BATTERY SYSTEMS 
PROVIDING PRIMARY CONTROL RESERVE ........................................................................................................... 11

Johannes Fleer, Sebastian Zurmühlen, Julia Badeda, Peter Stenzel, Jürgen-Friedrich Hake, Dirk Uwe Sauer 
 

THE ROLE OF ENERGY STORAGE SOLUTIONS IN A 100% RENEWABLE FINNISH ENERGY 
SYSTEM............................................................................................................................................................................... 25

Michael Child, Christian Breyer 
 

LITHIUM-BASED VS. VANADIUM REDOX FLOW BATTERIES – A COMPARISON FOR 
HOME STORAGE SYSTEMS........................................................................................................................................... 35

Martin Uhrig, Sebastian Koenig, Michael R. Suriyah, Thomas Leibfried 
 

INFLUENCE OF SPATIALLY VARYING COSTS ON STRUCTURE AND OPERATION OF 
ENERGY STORAGE AND SUPPLY FACILITIES IN A LOCAL ENERGY SYSTEM............................................. 44

Andreas Bachmaier, Jan-Bleicke Eggers, Sebastian Herkel 
 

ENERGY STORAGE IN GLOBAL AND TRANSCONTINENTAL ENERGY SCENARIOS: A 
CRITICAL REVIEW.......................................................................................................................................................... 53

Otto Koskinen, Christian Breyer 
 

CHARACTERISATION AND ENHANCEMENT OF PHASE CHANGE SLURRIES ............................................... 64
Sophia Niedermaier, Michael Biedenbach, Stefan Gschwander 

 

GRANULAR FLOW FIELD IN MOVING BED HEAT EXCHANGERS: A CONTINUOUS MODEL 
APPROACH ........................................................................................................................................................................ 72

Philipp Bartsch, Torsten Baumann, Stefan Zunft 
 

ENHANCING BATTERY LIFETIME IN PV BATTERY HOME STORAGE SYSTEM USING 
FORECAST BASED OPERATING STRATEGIES ........................................................................................................ 80

Georg Angenendt, Sebastian Zurmühlen, Ramin Mir-Montazeri, Dirk Magnor, Dirk Uwe Sauer 
 

HYDROPOWER AND POWER-TO-GAS STORAGE OPTIONS: THE BRAZILIAN ENERGY 
SYSTEM CASE ................................................................................................................................................................... 89

Larissa De Souza Noel Simas Barbosa, Javier Farfan Orozco, Dmitrii Bogdanov, Pasi Vainikka, Christian Breyer 
 

WHAT IS STORED, WHY, AND HOW? MENTAL MODELS, KNOWLEDGE, AND PUBLIC 
ACCEPTANCE OF HYDROGEN STORAGE .............................................................................................................. 108

Barbara S. Zaunbrecher, Thomas Bexten, Manfred Wirsum, Martina Ziefle 
 

THERMAL ENERGY STORAGE IN MOLTEN SALTS: OVERVIEW OF NOVEL CONCEPTS 
AND THE DLR TEST FACILITY TESIS ...................................................................................................................... 120

Nils Breidenbach, Claudia Martin, Henning Jockenhöfer, Thomas Bauer 
 

REPRODUCING STATISTICAL PROPERTY OF SHORT-TERM FLUCTUATION IN WIND 
POWER PROFILES ......................................................................................................................................................... 130

Seigo Furuya, Yu Fujimoto, Noboru Murata, Yasuhiro Hayashi 
 

OPTIMAL DISPATCH SCHEDULING OF A WIND-BATTERY-SYSTEM IN GERMAN POWER 
MARKET ........................................................................................................................................................................... 137

Zhuang Cai, Christian Bussar, Philipp Stöcker, Luiz Moraes Jr., Dirk Magnor, Dirk Uwe Sauer 
 

COMBINING FREQUENCY CONTAINMENT RESERVES AND RENEWABLE POWER 
LEVELING IN ENERGY STORAGE SYSTEMS ......................................................................................................... 147

Stefan Henninger, Markus Schroeder, Johann Jaeger 
 

IMPACT OF BATTERY COST ON THE ECONOMICS OF HYBRID PHOTOVOLTAIC POWER 
PLANTS ............................................................................................................................................................................. 157

Svetlana Afanasyeva, Christian Breyer, Manfred Engelhard 
 

POTENTIAL AND OPTIMAL SIZING OF COMBINED HEAT AND ELECTRICAL STORAGE IN 
PRIVATE HOUSEHOLDS .............................................................................................................................................. 174

Sebastian Zurmühlen, Henryk Wolisz, Georg Angenendt, Dirk Magnor, Rita Streblow, Dirk Müller, Dirk Uwe 
Sauer 

 

DISTRIBUTED STORAGE FOR THE PROVISION OF ANCILLARY SERVICES TO THE MAIN 
GRID: PROJECT PRESTO ............................................................................................................................................. 182

S. Nassuato, G. Magistrati, G. Marchegiani, C. Brivio, M. Delfanti, D. Falabretti, M. Merlo 
 



ENERGY AUTARKY OF HOUSEHOLDS BY SUFFICIENCY MEASURES........................................................... 194
Christian Brosig, Eberhard Waffenschmidt 

 

OPTIMAL PROVISION OF PRIMARY FREQUENCY CONTROL WITH BATTERY SYSTEMS 
BY EXPLOITING ALL DEGREES OF FREEDOM WITHIN REGULATION ........................................................ 204

Raphael Hollinger, Luis M. Diazgranados, Christof Wittwer, Bernd Engel 
 

COST-BENEFIT ANALYSIS OF BATTERY STORAGE SYSTEM FOR VOLTAGE 
COMPLIANCE IN DISTRIBUTION GRIDS WITH HIGH DISTRIBUTED GENERATION ................................ 215

Basem Idlbi, Jan Von Appen, Tanja Kneiske, Martin Braun 
 

RECYCLING OF BATTERY TECHNOLOGIES – ECOLOGICAL IMPACT ANALYSIS USING 
LIFE CYCLE ASSESSMENT (LCA).............................................................................................................................. 229

Lea Unterreiner, Verena Jülch, Sören Reith 
 

LONG TIME BEHAVIOR OF LINI0.80CO0.15AL0.05O2 BASED LITHIUM-ION CELLS BY SMALL 
DEPTH OF DISCHARGE AT SPECIFIC STATE OF CHARGE FOR PRIMARY CONTROL 
RESERVE IN A VIRTUAL ENERGY STORAGE PLANT ......................................................................................... 235

Christopher Betzin, Holger Wolfschmidt, Matthias Luther 
 

TECHNO-ECONOMIC ASSESSMENT OF POWER-TO-LIQUIDS (PTL) FUELS PRODUCTION 
AND GLOBAL TRADING BASED ON HYBRID PV-WIND POWER PLANTS...................................................... 243

Mahdi Fasihi, Dmitrii Bogdanov, Christian Breyer 
 

ELECTRIFICATION PLANNING WITH FOCUS ON HYBRID MINI-GRIDS – A 
COMPREHENSIVE MODELLING APPROACH FOR THE GLOBAL SOUTH ..................................................... 269

Catherina Cader, Philipp Blechinger, Paul Bertheau 
 

CHARGE EQUALIZATION SYSTEMS FOR SERIAL VALVE REGULATED LEAD-ACID 
(VRLA) CONNECTED BATTERIES IN HYBRID POWER SYSTEMS APPLICATIONS ..................................... 277

K. Belmokhtar, H. Ibrahim, Z. Féger, M. Ghandour 
 

DEVELOPMENT AND EVALUATION OF A BATTERY LIFETIME EXTENDING CHARGING 
ALGORITHM FOR AN ELECTRIC VEHICLE FLEET............................................................................................. 285

Fabian Rücker, Ilka Bremer, Sebastian Linden, Julia Badeda, Dirk Uwe Sauer 
 

PROSPECTIVE INTEGRATION OF RENEWABLE ENERGIES WITH HIGH CAPACITIES 
USING COMBINED HEAT AND POWER PLANTS (CHP) WITH THERMAL STORAGES ............................... 292

Tim Schmidla, Ingo Stadler 
 

COMPRESSED AIR ENERGY STORAGE IN THE GERMAN ENERGY SYSTEM – STATUS 
QUO & PERSPECTIVES................................................................................................................................................. 298

Cord Kaldemeyer, Cynthia Boysen, Ilja Tuschy 
 

HIGH TEMPERATURE LATENT HEAT STORAGE WITH DIRECT ELECTRICAL CHARGING 
– SECOND GENERATION DESIGN ............................................................................................................................. 314

Ulrich Nepustil, Doerte Laing-Nepustil, Detlev Lodemann, Rameesh Sivabalan, Volker Hausmann 
 

ANALYIS OF A POTENTIAL SINGLE AND COMBINED BUSINESS MODEL FOR 
STATIONARY BATTERY STORAGE SYSTEMS....................................................................................................... 321

Mira Klausen, Matthias Resch, Jochen Bühler 
 

OPTIMIZATION OF PV BATTERY SYSTEMS USING GENETIC ALGORITHMS ............................................. 332
Dirk Magnor, Dirk Uwe Sauer 

 

INNOVATIVE REACTIVE ENERGY MANAGEMENT FOR A PHOTOVOLTAIC BATTERY 
SYSTEM............................................................................................................................................................................. 341

Michael Böttiger, Martin Paulitschke, Thilo Bocklisch 
 

TECHNICAL AND ECONOMIC INVESTIGATION AND COMPARISON OF PHOTOVOLTAIC – 
WIND ENERGY – HYBRID SYSTEMS WITH BATTERY AND HEAT-STORAGE PATH .................................. 350

Thilo Bocklisch, Johannes Lindner 
 

FIRST YEAR OF SMART METERING WITH A HIGH TIME RESOLUTION—REALISTIC 
SELF-SUFFICIENCY RATES FOR HOUSEHOLDS WITH SOLAR BATTERIES ................................................ 360

Christoph Stegner, Josef Bogenrieder, Philipp Luchscheider, Christoph J. Brabec 
 

PACKED-BED THERMAL ENERGY STORAGE ANALYSIS: QUARTZITE AND PALM- OIL 
PERFORMANCE.............................................................................................................................................................. 370

Zineb Erregueragui, Nourredine Boutammachte, Abdelfettah Bouatem, Ossama Merroun, E. L. Moukhtar 
Zemmouri 

 

ECONOMIC AND ENVIRONMENTAL PROSPECTS OF BATTERY AND FUEL CELL 
VEHICLES FOR THE ENERGY TRANSITION IN GERMAN COMMUNITIES ................................................... 380

Markus F. Felgenhauer, Matthew A. Pellow, Sally M. Benson, Thomas Hamacher 
 

NECESSITY AND IMPACT OF POWER-TO-GAS ON ENERGY TRANSITION IN GERMANY ....................... 392
Martin Thema, Michael Sterner, Thorsten Lenck, Philipp Götz 

 

REAL-LIFE LOAD PROFILES OF PV BATTERY SYSTEMS FROM FIELD MEASUREMENTS ..................... 401
Kai-Philipp Kairies, David Haberschusz, Oliver Wessels, Jan Strebel, Jonas Van Ouwerkerk, Dirk Magnor, Dirk 
Uwe Sauer 

 



POWER-TO-GAS CONCEPT FOR INTEGRATION OF INCREASED PHOTOVOLTAIC 
GENERATION INTO THE DISTRIBUTION ............................................................................................................... 411

Chan Park, Felix Bigler, Petr Korba 
 

Author Index 


