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1. Executive summary 

1.1. Global objectives of the task and the workshop 

This workshop is the first deliverable of the first task of this project. It took place in the Wyndham Hotel 
of Ankara on the 26th and 27th of June 2018. 

 
Figure 1 The 7 tasks of this project 

The objective of this task is to give a global outlook about storage technologies: usages, costs, main 
characteristics and most significant projects. In this workshop, different regulation frameworks were also 
presented with their advantages and disadvantages. Examples from the whole world were provided with 
a specific focus on Europe.  

Although the work of this project will be focused on batteries in the following tasks, Task 1 will consider 
all the main technologies of EES, including pumped hydro storage (PHS), Compressed Air Energy 
Storage (CAES) and flywheels. 

This task will also be the opportunity to visit the greatest commercial storage project in Europe: West 
Burton B. The visit is planned in the beginning of October, 2018. 

 

1.2. Main messages and recommendations 

Storage is a dynamic field. Technologies evolve fast, and new projects emerge every week. The 

objective of Task 1, introductive task of this project, was to provide a global outlook about storage 

technologies: usages, costs, main characteristics and most significant projects, including regulation 

frameworks and examples from the whole world with a specific focus on Europe. The added value of 

this task was to transfer a structured outlook of this domain, with the critical analysis of EDF CIST and 

R&D’s experts. 

Although the work of this project was focused on batteries in the following tasks, Task 1 had to consider 
all the main technologies of EES. As the main objective is to transfer knowledge and information, it took 
the form of a workshop and a site visit of EDF storage facilities. 

Finally, some first recommendations were expected for the optimal deployment of storage in Turkey at 
the end of this task. 

The workshop was organized through the following sessions: 

 Global storage outlook 

 Technology outlook (PHS, batteries, CAES, Flywheels) 
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o Functioning principles 

o Main characteristics  

o Main projects in the world  

o Potential of development  

o Innovations to come  

 Techno-economic modelling 

 TSO projects 

 Use cases 

 Brainstorming: Recommendations for optimal deployment of EES systems 

 

The major information are the following: 

 There is a renewed interest in electricity storage since 2000 since some technological 
breakthroughs occurred for batteries. Their massive deployment for electronic devices made 
possible a scale manufacturing effect, therefore costs of batteries have dropped and will 
continue to. 

 Many services are technically feasible with storage technologies and new value pools are 
explored, in changing electrical systems. 

 Even if batteries are at the heart of the debates, their penetration is still limited in the power 
systems (1.5 GW in 2016 to be compared to 150 GW for Pumped Hydro storage) and techno-
economic assessment is required to ensure of their profitability 

 The development of PHS in the United States and European countries is closely correlated to 
the nuclear development as this kind of storage is relevant in case of a high spread between 
off-peak and peak prices. But PHS not only provide arbitrage but also other power system 
management capabilities such as balancing, frequency stability and black start. It can be an 
interesting option and 13 GW of are under construction in the world. 

 CAES can use a broad range of reservoirs for air storage and has a more modest surface 
footprint relative to PHS. CAES is able to ramp output quickly and operate efficiently under 
partial load conditions, making it effective in performing peak shaving, regulation and ramping 
duty. The main obstacle to the development of CAES is to find an adequate cavity. This is why 
there are only two commercial projects around the world (USA and Germany). 

 A flywheel stores electrical energy in the form of kinetic energy in a rotating mass, and releases 
it later in the form of electrical energy. Flywheels can be used when power is needed over a 
short period of time (seconds to tens of minutes), and in particular if space is limited and if the 
storage is to be used very frequently. This can only be competitive in specific niches 
(Uninterruptible Supply) as compared to batteries. 

 There are many different battery technologies that can be relevant for power systems, even if 
Lithium-ion is the rising star. Lead acid batteries are used for decades for black start applications 
and Sodium-Sulfur batteries are also deployed today to accompany the development of 
renewables, for example. 

 Batteries are very flexible, but it can induce a fast and dramatic ageing. Taking into account the 
battery ageing is key in a project since it impact the lifetime and technical characteristics. The 
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same service can induce different ageing profiles on batteries of the same technological family 
but from different manufacturers. And a battery will have very different ageing profiles with 
different services. This is why the EMS, that control the charging/discharging profile of the 
battery, has to be built taking into account the ageing factors and is of crucial importance in this 
type of projects. 

 As there is no perfect technology, techno-economic modelling has to be done in order to select 
the relevant technology, sizing and location to the relevant context (service considered, 
interconnected or islanded power system...). 

 Storage cell is an important part of the costs of a project, but many others are to integrate in 
business plans (converter, civil works, EMS, maintenance costs...). Service stacking has to be 
consider to maximize the economic value of a project, but often is strictly necessary to reach 
profitability. 

 Many use cases (commercial projects or R&D demonstrators) were presented for all the 
technologies of storage. Most of the current commercial projects in the world mainly provide 
primary reserve, since this service can be profitable with current costs of storage. 

 TERNA is carrying out demonstration projects for power and energy usages (Congestion 
management, frequency regulation). The Italian was planning to own and operate battery 
systems by itself, but had to change after the Clean Energy Package. 

 RTE is developing the RINGO demonstration project to deal with congestions on 63 kV lines in 
France. Once the concept will be proved in 2023, tenders will be proposed to the private sector 
to own and operate these systems. 

 UK is not synchronously connected to Continental Europe and there is a great deployment of 
renewable energies. This results in a reduced inertia. In this context, National Grid decided to 
launch a new product called Enhanced Frequency Regulation (EFR). 64 projects were proposed 
for 1,200 MW in total. 200 MW were commissioned in early 2018. 

After this workshop were formulated some recommendations, based on the brainstorm with the 
stakeholders, presentation of the Turkish Power System by TEIAŞ and on EDF’s experience. They were 
adapted and updated during the project along with the results of the following tasks: 

 Techno-economical assessment is the first mandatory step to consider storage. A battery 
storage and a converter can basically provide any service. But the interest of such a system 
depends on many factors storage profitability has to be rigorously assessed and compared to 
other solutions (grid reinforcement, providing frequency regulation with conventional plants…). 

 In a first approach, the most relevant service to consider is frequency regulation. With current 
costs of batteries, most of the commercial projects in large interconnected grid consist in 
providing this kind of service. 

 Congestion management is considered in countries where the demand is stable or decreasing 
and in areas that are not in a large interconnected system, with consequent problems of inertia. 
In Turkey, the fact that demand is increasing of several points each years and RE is largely 
developed leads to important reinforcement of the grid. It is likely that we can propose more 
efficient alternatives to batteries for congestion management in this project. 

 An evolution of the regulation will be necessary to clarify the conditions of integration of storage 
in the grid. A clarification has to be made on who can own and operate batteries for the different 
services. The TOR of this project are oriented to prepare TEİAŞ to own and operates batteries. 
But in most cases, only IPPs and utilities are allowed by the regulation to lead this kind of 
commercial projects. As primary reserve is currently delivered by conventional power plants, it 
could be considered as a market distortion to allow the TSO to provide primary reserve by itself. 
It will be crucial to clarify this point. 
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 A tender for projects will be to consider only under some conditions. In the case TEİAŞ owns 
and operates batteries, it will be a regulated activity and there will be no need for project tenders. 
If not, we will propose a market design, in other words a framework allowing the different 
stakeholders (investors and TEİAŞ) to capture their legitimate share of the global value of 
storage. 

 We suggest a tender could be useful in the following conditions: 

o If some specific technical requirements from TEİAŞ cannot be fulfilled through a market. 

o If TEİAŞ wants to control the total capacity of installed batteries. 

o If the current market value may not be enough to motivate investors. 

o If the service identified is rapidly necessary to ensure the stability of the system and 
TEİAŞ want to control the date of first procurement of the service. 

 A tender may not be necessary for frequency control as the market already provides a relevant 
framework for these services. If there is no battery project developing for frequency regulation, 
once the regulation will be allowing batteries to participate, it will mean it is not profitable for 
investors considering the market prices. In this conditions, a tender to develop batteries would 
not be economically efficient and a market distortion. 
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