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Grid scale hydrogen energy storage 
 
 
 
Energy transition from nuclear to renewable – 
what can Japan and Germany learn from each other 
 
Tokyo, 2014-07-12 
 

Power-to-Gas Project “Energiepark Mainz” 



2 

Stadtwerke Mainz AG 

 Shareholder:  City of Mainz 

 Turnover 2013:  500 Mio. Euro 

 Employees  2013:  1.360 

 

 Operation of electricity, gas and water 
networks 

 Subsidiary KMW operates a gas-plant-
site with 750 MW installed power 

 Portfolio of about 200 MW wind and 
solar power 

 

 

 

 

Company profile 
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Background 

 Increasing amount of volatile 
energy feeding into the power grid 

 Power-generation exceeds load 

 in local networks 

 in transmission systems 

 Conventional power-plants are still 
necessary as safeguards 
but low operating hours affect 
operating results 

 Increasing demand for energy-
storage 

Development of renewable energy in Germany 

Percentage of renewable energy generation:    

Reference: BDEW, 12/2013 
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Background 
Future demand for energy-storage in Germany 

Full-load-hours 

Simulation of the future power-plant operation in Germany (DLR, Fraunhofer IWES, IfnE, 2012) 
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Background 

 Today: Temporally disconnection of Renewable Energy sources despite priority feed due to missing 
transportation capacity of the power network  higher frequency in future    

 §13 para.1 EnWG: Should the safety / reliability of the system be at risk, Network / market 
related measures will be taken. 

 §13  para.2 EnWG: Advanced possible 
measures of the network operator: 
 Change of power input 

(e.g. targeted on/off limitation) 
as well as 

 Specific load shedding and modification 
of power transit 

 
Flexibility-options:  

Increase of critical Network Events 

Flexible power plants        Network extension      Energy storage               regulated consumption 
Centralized

 
   

Decentralized 

Measures acc. to §13 para. 1  Measures acc. to §13 para. 2  

Number of 
intervention hours 

Number of 
intervention hours 

Reference: Energieforschungszentrum Niedersachsen 
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Electrolysis-Hydrogen as energy storage and vector 

 Fast-responding, modern PEM-Electrolyzers can 
be used to transform excess power to hydrogen 
 System can manage local grid bottlenecks, 
provide balancing power, etc. 

 Hydrogen can be stored at large scale, 
transported via truck and pipeline and used 

 as a NG substitue by injection into the grid 

 for mobility such as fuel cell vehicles 

 as raw material for many kinds of industries 

 Hydrogen from electrolyzers can transform 
renewable energy and make it available to other 
sectors (energy vector). 

Electrolyzer for Network Optimization 

Reference: Siemens AG 
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Reference: Fraunhofer IWES 

Electrolysis-Hydrogen as energy storage and vector 
Electrolyzer for Network Optimization 
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Electrolysis-Hydrogen as energy storage and vector 
Economic feasibility and markets 

 A large number of factors influence the profitability of a 
hydrogen electrolyzer in the energy market 
  
 Stock market prices (possibilities for arbitrage 

business in conjunction with repowering) 
 Weather data (Wind- / PV supply) 
 Revenue for system services  
 Gas prices 
 Fuel prices 
 Prices for Hydrogen as raw material 
 Prices for carbon-credits 

 
 Need for a sound operation & management strategy 
 Time-discret optimization for use of the various sources 

and revenue options 
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Reference: DVGW 
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Energiepark Mainz – Project status and outlook 
Project scope and key facts 

Development of an decentralized 
hydrogen energy storage plant 
 
 Location: Mainz 
 Partners Stadtwerke Mainz, Linde, 

Siemens, Hochschule RheinMain 
 Connected to a wind-farm (10 MW) 
 6 MW Electrolyzer (3 Stacks, each 2 MW) 
 1000 kg storage (33 MWh) 
 200 tons target annual output 
 Injection in local gas grid 
 Multi-use trailer-fillin 
 Budget: total 17 m€  
 Funding: ~50% (BMWi) 
 Timeline: 4 years (10/2012 – 12/2016) 

 

Mainz 
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Energiepark Mainz – Project status and outlook 
Objectives and timeline of the research project 

Project idea 

Acceptance 
funding 

Funding 
application 

Approval 
obtained 

Component 
manufacturing & 

construction 

Start of operation 
Of research plant 

Conerstone 
laying 

Site preparation 
& engineering 

1. Local grid integration by storing fluctuating renewable power 
2. Provision of ancillary services in the electricity grid (including negative control reserve) 
3. Testing and further development of megawatt class PEM electrolysis 
4. Intelligent and efficient hydrogen conditioning, storage and handling, smart management structure 
5. Research of effects of the increased hydrogen concentrations in the gas grid and end devices 
6. Public relations and public acceptance 
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Energiepark Mainz – Project status and outlook 
Planning of infrastructure and civil engineering  

 Planning started in 10/2012 
 
 Plant layout and buildings. 
 Infrastructure for components: 
 Grid connection (20 kV) 
 Water supply 
 Gas grid injection 
 Drain 
 Traffic 

 On site transport issues. 
 Safety measures: 
 Fire protection 
 Explosion prevention 
 Noise protection 
 Access Control 
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Energiepark Mainz – Project status and outlook 
Hydrogen storage and handling facility 
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Energiepark Mainz – Project status and outlook 
Electrolysis Development 

 Three high perfomance electrolysis 
systems, with peak power of 2 MW each, 
to be installed 

 H2 output pressure level of up to 3.5 Mpa 
 Highly dynamic operation over a broad 

load range (ramp speed 10% per sec.) 
 Control and supervision system with full 

remote control capability 
 Widely adjustable DC power supply 

 
Status: 
 Manufacturing in progress 

Reference: Siemens AG 



17 

Energiepark Mainz – Project status and outlook 
H2-injection into a natural gas (distribution) network 
 Communal gas pipelines to the city district Mainz-Ebersheim: 
 Owner:   Stadtwerke Mainz AG 
 Operating pressure: 0.7 – 0.9 MPa 
 Volume flow:  max. 1,000 m³/h 
 In summer minimal flow rate  limited feed-in possibility.  
 Billing one-sided feed-in therefore no limitation 

of the heating value deviation to 2%. 
 

 Pipeline to supply the power plant of Kraftwerke Mainz-Wiesbaden AG: 
 Owner:   Open Grid Europe GmbH 
 Operating pressure: 5 – 6.5 MPa 
 Volume flow:  60,000 – 70,000 m³/h (i.N) 
 The power plant operator is still skeptical against the H2-admixing in 

combustion gas (technical risks can not completely be eliminated). 
 Several studies consider the H2-admixing in the range <1% in gas turbines 

uncritical BUT there are no empirical studies confirming this statement.  
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Energiepark Mainz – Project status and outlook 
Public Relations 
 The success of an infrastructure project (in particular in the energy sector) is critically dependent on 

the social acceptability of the project targets. 
 Therefore the consortium is informing about all steps through local media and the internet. 
 Opening of a information center on site in 2015. 
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Energiepark Mainz – Project status and outlook 
Summary and current site status 
 Energiepark Mainz will be the biggest and most advanced facility for electrolysis hydrogen production 

and storage worldwide (6 MW, 1000 kg storage, target annual output 200 tons) to be operated by 2015 
 Preparation and construction are on time; key components (PEM electrolyser, ionic compressor) under 

manufacturing by project partners 
 Project also aims at demonstrating safe handling of hydrogen and create awareness in public, politics 

Cornerstone laying ceremony May 15th, 2014 www.energiepark-mainz.de; status July 1st, 2014 
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Further information: 
 
www.energiepark-mainz.de 
 
www.forschung-energiespeicher.info 
 
 

Contact: 
 
Jonas Aichinger 
Stadtwerke Mainz AG 
Rheinallee 41 
55118 Mainz / DE 
 
jonas.aichinger@stadtwerke-mainz.de  
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