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Executive Summary

This report presents a comprehensive overview of existing and envisaged storage technologies in the
European level, paying special attentions to the interactions between renewable energy sources (RES)
integration and storage technology development. Generally speaking, the ambitious increment of RES drives
the development of emerging storage technologies, and the successful applications of storage enhance
network flexibility and security in terms of dynamic supports (e.g. frequency and voltage regulations) and
steady-state performance (e.g. congestion management). Particularly, in order to enable actions of
distributed storage closed to the end-users, cooperation between Transmission System Operator (TSO) and
Distribution System Operator (DSO) is required, in such a way that the storage facilities can not only improve
self-efficiency and local reliability, but also participate in frequency and voltage regulations in the
transmission levels.

This report starts with a survey of existing storage assets and their applications in the South East Europe,
which covers most of the consortium countries. It is evident that significant RES increases are happening in
the past few and close future decades within Europe, especially non-dispatchable renewable generations in
recent years, which is proved by the information provided by TSOs and identified RES scenarios in the future.
As a result, most of the consortium countries have concrete plans to expand storage assets, most of which
are existing large pumped-storage hydroelectricity (PSH) plants. Additional storage facilities might be
deployed closed to renewable power plants as well. In addition to the bulk storage technologies, the
information related to the current operating experience and envisaged employment of distributed storage
technologies is quite limited. But, most TSOs/DSOs have realized the potentials of such small storage assets
dispersed in the system and closed to the end users. Several ongoing projects are carried out to demonstrate
the concepts.

Power network applications are essential for energy storage technologies from the system operation’s point
of view. Most of the existing storage facilities can participate in system energy management, i.e. energy
arbitrage at the generation side and peak shaving and load levelling at the customer side. From a TSOs’
perspective, in addition to energy arbitrage, bulk storage technologies are commonly used for ancillary
services to guarantee the network reliability in real time, although only a few of the consortium countries
have regulation frameworks enabling such actions. When it comes to distributed storage technologies,
considerable efforts are still required to justify their cost-effectiveness in grid applications, although their
technical features and capabilities are widely studied in research. It is proved that storage technologies
providing a series of grid applications would be beneficial to both network and asset owners. However,
sophisticated scheduling is need for optimal storage units, which brings up the concept of virtual storage
plant (VSP), using as an aggregator to coordinate individual storage devices within the region.

To promote the technological development and grid applications of storage technologies, the market and
regulation framework play important roles for increasing investment. However, neither of the energy
markets and regulations are satisfying in the consortium countries for the time being. Storage units can be
actors for multiply markets, including the forward markets, balancing markets and reserve markets. This
makes it difficult to remunerate the storage for the delivered services, in spite of their non-energy benefits
and double payments for network usages. Besides, considering the consortium countries have distinct
market structures, a complete revolution of energy storage might be necessary to provide services in a cross-
border sense. As for distributed storage technologies, appropriate rules need to be established in order to
separate the revenue with in VSP as well.

D7.1 Analysis on distributed energy storage technologies in networks with RES 10
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1 INTRODUCTION

1.1 PURPOSE OF THE DOCUMENT

The European member states have developed National Renewable Energy Action Plans (NREAP) to define
the paths for achieving significant RES penetration in 2020. In such high renewable scenarios, applications of
energy storage technologies could potentially contribute to total system savings. Bulk and distributed storage
systems are connected to different sectors of power networks, including generation, transmission and
distribution levels. Strategic studies indicate that the value of storage systems in low carbon energy systems
having large concentrations of renewable generation is significant, and it is likely that a portfolio of different
storage technologies will be required to suit a range of applications [1]. Although technical innovations of
storage usage are advancing and improving, challenges still exist to justify that the investment of storage can
be adequately rewarded in the current market structures, which need to be improved to prevent posing
barriers on cost-effective storage applications.

In this report, an overview of the existing and future availability and usage of different energy storage
technologies at regional and pan European levels are given. The report provides insights on the current stage
and future development of storage employment, with attentions paid to the impacts of RES and current
market statues. The existing experience of storage operations are those related to bulk storage facilities,
while envisaged storage development mainly focuses on distributed storage technologies. This analysis will
serve as a basis for the scenario definitions and algorithm developments enabling the functionalities defined
in High Level Use Case Higher Level Use Case 5 (HLU 5) dedicated to VSP.

In order to collect relevant information to broadly estimate existing storage capacity and their potentials in
European transmission and distribution network, a survey is performed based on the statistics and scenarios
in the consortium counties, which are mainly located in the south east part of Europe. The increases of RES
in generation mixes show promising trends especially in recent years. The policy (e.g. EU Energy Roadmap
2050) is one reason behind this ambitious movement driving renewable energy exploitation, as most of the
consortium countries have reached agreements of certain levels to achieve significant RES penetration within
pan European level.

The aggressive deployment of RES poses reliability issues on network operations while opens new areas for
energy storage devices. In most of the consortium countries, bulk storage devices are available for energy
management, but the ancillary services can be delivered by such large and centralized storage assets are still
limited. The current regulation frameworks prevent full participating of bulk storage systems providing
services in the market. Compared to the bulk storage facilities, distributed storage technologies providing
flexibility at the customer side are more attractive options, but almost none of the TSOs within the
consortium countries have experience in operating smaller storage geographically dispersed in the networks.
Therefore, the value of distributed storage needs to be further demonstrated with appropriately designed
coordination methods and remuneration mechanisms.

This document is prepared by UNIMAN and jointly developed by CROSSBOW partners, which include PCC,
EPS, ELEM as energy producers, VARTA, ETRA, COBRA from industry, EMS as system operators, and SCC as
regional security coordinator, including UKIM as university. The report addresses the current status and
anticipated deployments of electric energy storage at South East European (SEE) region, with a particular
focus on distributed storage technologies, and the existing policies and market enabling storage
participations, as well as the impacts of storage on future RES integrations. The presented information covers
both transmission and distribution levels of the consortium regions. The TSO-DSO cooperation will be an
important concept to be demonstrated within the work package, so as to enable the adequate distribution
network flexibility coming from VSP. The supports from TSOs/DSO (ESO, HEDNO, HOPS, CGES, IPTO, MEPSO,
NOSBiH, TRANS and EMS) in the consortium countries are indispensable parts during the preparation of the
document.

D7.1 Analysis on distributed energy storage technologies in networks with RES 11
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1.2 STRUCTURE OF THE DOCUMENT

This document is organised in the following main chapters to cover the mentioned contents in previous
section:

Existing energy storage facilities and applications

A general overview of existing storage facilities and their applications in the areas are given in Section 2. With
the participation of all TSOs/DSO involved in the Task 7.1. This chapter reports the background of storage
development, available capabilities and existing services that storage can provide to the networks, as well as
the remuneration ways regarding bulk storage plants available in some of the consortium countries.
Furthermore, we present the expected storage installations with particular focus on distributed storage,
along with the preferred services delivered by these new deployments. A brief discussion on the barriers
preventing future storage investment is also included.

An overview of existing availabilities and usages of distributed storage at the European level

Section 3 gives a general overview of existing storage technologies, which are categorized according to the
materials used to store energy. The functional principle, characterises and constraints with respect to
individual category of storage technologies are discussed. Furthermore, the advantages and disadvantages
regarding specific storage device are listed considering different scenarios of applications. Finally, the
available applications of the mentioned storage technologies are given.

Envisaged capabilities and applications of distributed energy storage

Section 4 reviews the anticipated distributed storage technologies at the pan European level. Special
attentions are given to the driven forces, expected applications and deployments of distributed storage for
future scenarios. It indicates that storage units trying to maximize self-efficiency and simultaneously provide
supports to distribution and transmission networks can obtain higher revenue, but sophisticated scheduling
methods might be required. Finally, practices of TSOs in Serbia and Greece for the employment of bulk and
distributed storage are presented.

Potentials of energy storage under high RES penetration

Section 5 reports the capability to increase RES penetration of identified future possible scenarios of
availability and use of different distributed energy storage technologies. This chapter gives the future
scenarios of RES penetration and analyse the cases for different countries. The analysis of how the RES can
impact the future scenarios and the benefits of storage applications in distribution levels are included.

Policy and market enabling actions from distributed energy storage

The current regulation framework and market mechanism are the two main barriers hindering installation
and application of bulk and distributed Energy Storage Systems (ESSs). Storage systems can participate in
various types of services with different scale of time horizons, which makes it difficult to quantify system
benefits and market revenues. Chapter 6.1 summarizes ESS services from the market perspective and analyse
different types of markets in which the storage can offer their power and capacity. As for distributed storage,
proper aggregations are needed to provide combined services/products. The regulation and market barriers
are discussed further and some proposals facilitating ESSs’ full participations in the market are given.

Technical Requirement of CROSSBOW products related to VSP

In Section 7, the technical requirements of CROSSBOW products relevant to VSP are summarized based on
the Deliverable 2.1 “CROSSBOW project requirement definition”. Several possible scenarios of availability
and use of distributed energy storage technologies are presented.
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2 EXISTING ENERGY STORAGE FACILITIES AND APPLICATIONS IN TRANSMISSION
AND DISTRIBUTION LEVELS

2.1 ENERGY STORAGE TECHNOLOGIES

The topologies and operating schemes of electrical power systems have been evolving since the development
of AC transmissions. Nowadays, the electric networks are featured by their increased demands and
complicated dynamic response due to the integration of renewable energy sources (RES) and deregulations
as well. ESSs, in this context, are regarded as promising technologies to provide enough flexibility and deal
with the raised challenges in power networks.

The applications of ESS in power grids can be dated back to several decades ago. In conventional power
networks, ESSs in terms of PSH plants are widely employed to provide energy arbitrage and services. One of
the major functions of PSH is to provide reserve capability and thus improve the efficiency (and reduce
emission) of thermal power plants that cover base loads [2]. The installation and commission of PSH plants
extremely thrived at that time as the price of fossil fuel went up. However, due to the concerns on site
selection and deregulations, the implementation of PSH was restricted afterwards [3][4].

In the recent decade, due to the public’s debates on carbon footprint and sustainable development, countries
declared ambitious policies to enhance penetration of renewables in power networks. Grid codes are revised
accordingly to accommodate 