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EXECUTIVE SUMMARY 

The incremental penetration of variable 

energy production, the growing trade of 

electricity and new demand patterns 

indicate that energy storage will play an 

increasing role in the energy system. Even 

where benefits are measured against 

alternative solutions – such as demand-side 

management, back-up generation and flexible 

loads, its role is evident in the value chain, 

from end-user to distribution, transmission, 

and markets. In particular, batteries offer 

cost-efficient solutions for innovative models 

of decentralized energy systems. They can 

foster the development of micro-grids, while 

the home storage market combined with PV 

Solar allows for an increase in self-

consumption. 

Battery storage could become a game-

changer in the electric industry. In the 

overall battery market, Li-ion (Lithium-

ion) technology is increasingly driven by 

demands in consumer products and 

electric vehicles. In recent years, there has 

also been a significant shift towards the Li-ion 

battery technology for grid applications, not 

only for small-scale storage but also for large 

scale application. According to the US 

Department of Energy (DOE) database, 

approximately 51.8% of all installed capacity 

of utility-scale electrochemical storage and 

69.3% of planned installations are now based 

on Li-ion technology. For home storage 

practically all installations are based on Li-ion 

technology. Production is expected to grow 

exponentially, from 30 GWh in 2013 to 105 

GWh by 2020. Lithium batteries have 

encountered a stronger and faster than 

expected cost reduction, from over 

1000€/kWh in 2010 to approximately 600 

€/kWh in 2014. This cost reduction is 

expected to continue over the next two 

decades for EVs and home storage 

batteries, with an expectation of reaching 

200€/kWh in 2020, even though major 

technological breakthrough is not likely to 

happen. 

However, most of the production of batteries 

is in Asia, which raises the question of how the 

EU can be competitive in the global market. 

Because battery storage brings flexibility 

into the system, and is adaptable to 

different electrical systems, it could 

contribute effectively to the achievement 

of the EU 2020 and 2030 targets. Battery 

storage can also interact easily with other 

storage possibilities, notably thermal storage. 

Business cases exist for end users in relation 

to self-consumption, energy arbitrage or peak 

shaving, but they are strongly driven by 

regulation. 

With the Third Package legislation on Energy 

and Climate, storage (defined in very general 

terms without any reference to specific 

technologies) is recognised as a strategic 

asset in the integration of intermittent 

renewable energy to grid infrastructures. 

However, the development of storage facilities 

is dependent on Member States. Batteries are 

especially approached by regulators from the 

environmental perspective (recycling and 

environmental efficiency). This report shows 

that there is room for incorporating battery 

storage, in conjunction with other smart grid 

equipment, in the reform of market design 

models that are likely to improve adequacy of 

flow (a responsibility of DSOs and TSOs). In 

particular, battery storage used as a 

reserve provider could improve liquidity 

in the balancing markets, and could play 

a role through the provision of short term 

ancillary services. In future policy 

developments, battery storage should be 

included as a credible provider of frequency 

regulation and voltage support, even though 

its benefits will be very different depending on 

each country’s electricity mix. Therefore, this 

report recommends clarification of the 

regulatory framework defining the 

responsibilities of storage operators, and, in 

the longer term, move towards the creation of 

an Independent Storage Operator. 

The future of electrochemical storage in the 

EU will depend on the evolution of market 
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barriers. It is also important to elaborate 

guidelines for capacity market development 

that support the remuneration of battery 

storage technologies. Home storage, 

particularly for increased self-consumption, 

offers a significant market that has become 

economic without support in selected markets 

in recent years. Consequently, it is important 

to develop regulatory measures to 

stimulate self-consumption and reduction 

in power consumption, especially for 

peak-load considerations. Creating a 

specific support scheme for batteries, and 

building a framework for Prosumer1 

Storage based on the German experience 

should be encouraged. 

Further structural evolutions, such as the 

integration of batteries in an e-mobility 

scheme, or the change from conventional 

drivetrains to electric drivetrains may also 

change the landscape for battery storage. 

With smart charging and eventual 

“vehicle-to-grid” applications, electric 

vehicles can provide a positive 

contribution to the grid. 

Finally, in order to encourage technological 

breakthroughs, it is worth carrying out further 

research into demand response, 

interconnections and technologies which might 

be competing with storage for some uses 

(thermal uses mainly), in order to assess the 

individual potential and the linkages between 

them. Integrating storage alternatives in 

strategies for development of the energy and 

transportation systems will support the large 

scale development of battery technologies.

                                           
1 Prosumer is a portmanteau made of ‘professional’ and 
‘consumer’. In the electricity context, it refers to a 
consumer producing his own electricity, most of the time 
from PV panels, and storing it to consume it himself. 
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I. INTRODUCTION 

Energy storage has increasingly come into 

focus as a key enabling technology in the 

energy system. The challenges facing the 

energy system are well known: increased 

electrification of the energy system, 

decarbonisation of the power system leading 

to increasing penetration of renewable 

variable electricity production, increased need 

for security of supply, and new demand 

patterns driven by both energy efficiency and 

new loads, such as electric vehicles (EV) or 

heat pumps.  

In its Energy Technology Perspectives 2014 

publication, the International Energy Agency 

(IEA) highlighted the role of energy storage, in 

particular its ability to “play multiple roles in 

integrated low-carbon electricity systems”. 

The flexibility offered by storage is particularly 

underlined, but with some nuances.  

” The value of the flexibility that electricity 

storage technologies can provide will 

appreciate as the share of variable renewables 

in electricity systems increases. For these 

services, however, storage technologies will 

compete with other resources such as stronger 

internal grids, interconnection, demand-side 

integration and flexible generation. Under 

current market structures, cost is a major 

barrier to deployment of storage. Frequency 

regulation, load following and off-grid 

applications for electricity storage represent 

the most attractive deployment opportunities 

in the near to medium term, and could spur 

cost reductions; in most markets, however, 

storage will be deployed after more economic 

solutions” (IEA, Energy Technology 

Perspectives, 2014). 

The IEA pinpoints two fundamental elements. 

First, storage intervenes in a competitive 

landscape. Coal and nuclear plants have for 

instance proven able to provide more flexibility 

than historically planned. Similarly, gas fired 

plants are by nature very flexible and 

hydropower is used also today in a flexible 

way. This means that energy storage potential 

must be evaluated against the opportunities 

offered by alternative solutions, such as 

demand response, increased grid 

infrastructures (interconnections), and flexible 

production from large-scale generation.  

Secondly, given the wide range of technical 

solutions available, the future of energy 

storage will primarily depend on its cost 

evolution. In such conditions, the question is 

not so much how to provide the flexibility 

needed for the future electricity system, but 

rather which of the available solutions is the 

most cost-efficient and for what type of 

applications. This is precisely where the role 

for battery storage can be evaluated. Current 

trends show a rapid cost decrease, especially 

for lithium batteries, and this trend seems to 

be confirmed at least for the upcoming 

decade. This phenomenon will have a 

significant impact on the development of the 

storage market. In particular, it opens new 

perspectives for business models that go 

beyond the current applications of battery 

storage. For instance, end-user storage which 

was traditionally envisaged for increasing 

"self-consumption", could potentially provide 

system services. 

This report aims to identify the reasons behind 

the rapid cost reduction of batteries, and to 

evaluate the applications and areas of the 

value chain where battery storage appears to 

be most relevant. It will also seek to identify 

the framework conditions likely to influence 

technology development, in particular the 

regulatory hurdles, market conditions, and 

environmental risks. 

This report only covers electro-chemical 

batteries for energy storage in the energy 

system, i.e. rechargeable batteries. A battery 

is the generic name given to all the devices 

that convert chemical energy into electrical 

energy, through a chemical reaction known as 

oxidation-reduction reaction (or redox 

reaction). Rechargeable batteries are those 

where the redox reaction can be reversed 

when an electric current is applied to reform 

the original chemical components. Non-

rechargeable batteries are not covered here 
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because they are exclusively used in portable 

devices (remote controllers, watches, etc.) 

and cannot play any role in the energy 

system. 

Energy transmission, distribution, and end-

users are covered, as are the different scales 

of development, ranging from local 

applications (electric vehicles or home 

storage), to larger scale ones. The differences 

between city and rural solutions are also 

considered. 

Building on a 2012 report from the THINK 

project, which sought solutions to facilitate the 

deployment and operation of battery storage 

in the EU, this report aims to propose an 

action plan to accelerate battery deployment 

at EU level. 

This report has been drafted over a six months 

period, taking into consideration the input of a 

wide number of stakeholders. An online survey 

(see Appendix I) was conducted over two 

weeks among energy stakeholders in the 

second half of the study period, while an 

expert workshop was organised in closed 

committee on November 28th in order to 

gather informed input on more specific points. 

Finally, bilateral consultations have been 

undertaken throughout the drafting process, 

with key experts of battery storage. Therefore, 

while this report does not convey the opinion 

of any stakeholder specifically, its conclusions 

are supported by the exchanges that the 

authoring team has had with a wide range of 

stakeholders. 

Chapter I provides an overview of the 

possibilities offered by electrochemical 

storage, and their application. This section 

starts with a review of available storage 

technologies, their applications and maturity. 

It then illustrates the merits of focussing on 

battery storage given the wide range of 

applications, development potential, cost 

reduction potential, and scalability of battery 

technology. 

Chapter II provides a quantified assessment 

of costs and capacities based upon the 

conclusions of chapter I and on specific policy 

scenario assumptions. It assesses business 

cases in relation to specific elements, such as 

the location of storage 

(centralised/decentralised, urban/rural), the 

service provided, the synergies with other 

storage possibilities, and the owner of the 

storage. It also takes into account safety 

aspects linked to the use and disposal of 

batteries. 

Chapter III identifies the current bottlenecks 

in terms of legislation and proposes ways to 

define storage. It also reviews the existing or 

emerging business cases related to system 

services, grid stability, market signals, safety 

issues and limitations linked to raw materials. 

Drawing from the previous analysis, Chapter 

IV proposes solutions, action plans and 

business models on a 5 year and 10 year time 

frame. 
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II. STATE OF THE ART 

This section presents the range of storage and 

battery technologies available, and assesses 

their technological maturity, market potential, 

cost development and scalability. It starts 

from an overview of storage technologies 

before moving to the specific role of batteries 

and their application in Electric Vehicles (EVs). 

II.A. Overview of storage 

technologies 

II.A.1. Storage technologies, applications 

and maturity 

There are many storage technologies in the 

market, as illustrated in Figure 1. These 

technologies can be divided into five broad 

categories: mechanical storage, heat storage, 

electrical storage, electro-chemical storage 

and chemical storage. 

 
Figure 1: Overview of the different storage 

technologies 

Establishing correct cost estimates for 

technologies that are in a research or 

development phase can be particularly 

difficult, mainly because of the limited 

experience of mass manufacturing. One 

indicator of cost potential is based on the cost 

of materials involved. This is a well-

established way to evaluate the theoretical 

cost reduction potential of different storage 

technologies. 

Another key factor for assessing the potential 

of storage technologies is their technological 

maturity, which determines their availability, 

technical potential and costs. The 

technological maturity of different storage 

options is illustrated in Figure 2. It shows that 

the most mature technologies are Pumped 

Hydro Storage (PHS) and Compressed Air 

Energy Storage (CAES), and to a lesser 

extent, Sodium-sulfur (NaS) batteries. 

However it should be noted that in this figure, 

maturity is judged from the perspective of 

smart grid applications only, notwithstanding 

other possible applications. A technology like 

Lithium Ion (Li-ion) batteries for instance is 

already well established in computers, hand-

tools, and increasingly in electric cars. The 

technical risk for adopting a technology 

already established in another field is normally 

much smaller than introducing one with 

limited manufacturing experience. The high 

maturity of Li-ion batteries in other 

applications certainly increases their potential 

for smart grid applications. As a matter of 

fact, Tesla is using a large number of standard 

cells (type: 18650) rather than more recently 

developed larger prismatic cells, and can 

thereby produce batteries at a significantly 

lower cost than most other manufacturers. 

However, the potential of cost reduction 

(especially when it comes to system cost) is 

larger for prismatic cells. 

 

•  PHS, Pumped hydro storage 

•  CAES, Compressed air energy 
storage 

•  FES, Flywheel energy storage 

MECHANICAL 

•  WATER 

•  MSES, Molten-salt energy 
storage 

•  PCM, Phase change material 
storage 

HEAT  

•  SC, Supercapacitors 

•  SMES, Superconduction 
magnetic energy storage 

ELECTRICAL 

•  NaS, Sodium- Sulfur 

•  Li-ion, Lithium-Ion 

•  Flow batteries e.g. VRB, 
Vanadium redox-flow batteries 

ELECTRO-
CHEMICAL 

•  Hydrogen 

•  SNG, Synthetic natural gas 

•  Other chemical e.g. 
methanol, ethanol 

CHEMICAL 
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Figure 2: Storage technologies along the maturity curve (SBC Energy Institute, 2013)

Figure 3 shows the actual installed, planned, 

announced and under-construction capacities 

of energy storage by technology, for the world 

(left) and for the European Economic Area 

(EEA) only (right). The data behind these 

graphs has been retrieved from the US DoE 

energy storage database. It should be pointed 

out that these two graphs are plotted on a 

logarithmic scale for legibility purpose. It is 

clear that for both the world and the EEA only, 

the storage technology with highest current 

capacity is the PHS (177.4 GW and 56.5 GW, 

respectively), far ahead of any other 

technology. Excluding PHS from the data (see 

Figure 3, right side), the highest storage 

technology worldwide is CAES (1.4 GW, 

41.6 %), while in the EEA this technology only 

comes after flywheel (0.9 GW, 54.6 %). Still, 

more than a third of CAES capacities installed 

in the world (36 %) are in the EEA. Beyond 

that, the most prevalent battery technology, 

both worldwide and in the EEA, appears to be 

the Li-ion, with respectively 498 MW and 

138 MW (3 to 4 times higher than the molten 

salt batteries such as NaS). 

The different storage technologies are 

characterized by their respective pros and 

cons, which determine the focus of their 

application, as shown in the Table 1. The high 

efficiency rate and high energy and power 

density of Lithium-ion batteries for instance 

make them particularly suitable for Transport 

and Distribution (T&D) deferral, black-start 

services, intermittent balancing, power fleet 

optimisation and power quality. The main 

obstacles to their development concern safety 

aspects and costs even though, concerning the 

latter, high volume productions in other 

applications are driving the costs down. 
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Figure 3: Storage capacities in the world (top left) and in the EEA (bottom left) by technology in a 
logarithmic scale, and share of each technology in terms of capacities excluding PHS (top and 

bottom right)2  

 
Table 1: Advantages, disadvantages and applications of storage technologies 

                                           
2 Data from the US DoE database 

TECHNOLOGY ADVANTAGES DISADVANTAGES APPLICATIONS

Pumped Hydroelectric 

Storage (PHS)
Large scale, efficient, commercial

Site dependant, low energy density, 

potential environmental impact

Power fleet optimization, black-start services, 

intermittent balancing

Compressed Air Energy 

Storage (CAES)
Cost efficient, large scale, scalable

Low energy density, large scale requires 

natural storage cavity (can be limited)

Power fleet optimization, T&D deferral, black-start 

services, intermittent balancing

Flywheel High power density, efficient, scalable Cost, energy density
Power quality, black-start services, intermittent 

balancing

Molten Salt Energy Storage 

(MSES)
Commercial, large scale, relatively low cost

High temperature limits applications, 

corrosion
intermittent balancing, ideal for CSP

Supercapacitor Power density, response time, efficient, cycle time Energy density, relatively high cost
Power quality, black-start services, intermittent 

balancing

Superconducting Magnetic 

Energy Storage (SMES)
Power density, response time, efficient Energy density, cost, commercialisation

Power quality, black-start services, intermittent 

balancing

Na-S Battery Efficient, power and energy density
Security, requires heating, 

commercialisation

T&D deferral, black-start services, intermittent 

balancing, power fleet optimization, power quality

Lithium-ion Battery
Efficient, power & energy density, scalable, high volume 

of production in other applications drives costs down 
Current cost, safety

T&D deferral, black-start services, intermittent 

balancing, power fleet optimization, power quality

Flow Battery Power and Energy optimization independent, scalable Cost, commercialisation
T&D deferral, black-start services, intermittent 

balancing, power fleet optimization, power quality

Synthetic Natural Gas Energy density, can use Efficiency, cost Intermittent balancing, T&D deferral, power
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The applications can also be mapped against 

time and power requirements, as shown in 

 Figure 4. These graphs are based on a 

literature review which consolidates different 

series of data from various references dealing 

with all energy storage technologies. Most of 

those series (discharge time, power,) are 

made of a maximum and minimum and their 

average values. The top graph plots the 

average values of discharge time against 

(average values of) power, while the bottom 

one uses the extrema of each series in order 

to represent the complete areas where 

technologies can be found. As one can notice, 

batteries lie over a broad range of discharge 

time and power, which implies that they can 

be suitable for various applications, all along 

the value chain. 

 

 
 Figure 4: Mapping of storage technologies in terms of discharge time and power3  

                                           
3 This graph, produced by KIC InnoEnergy, is based on an extensive literature review, including EPRI and IEA but also 
academic papers and consulting reports. The complete list of references used can be obtained upon request. 
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In terms of efficiency, batteries (especially the 

Li-ion technology) exhibit reasonably good 

performance compared to other storage 

solutions, as shown in Figure 5. This figure 

also provides a comparison of lifetime in 

number of cycles (right), on a logarithmic 

scale for legibility. The range represents the 

differences that exist in the literature, but also 

the fact that lifetime depends on the type of 

uses, especially for the battery-based 

technologies. Indeed, the depth-of-discharge, 

i.e., the share of the energy capacity of the 

given device which is used per cycle, has an 

impact on the lifetime. 

 

Figure 5: Comparison of efficiency (left) and of cycle lifetime (right) for different storage 
technologies (produced by KIC InnoEnergy) 

II.A.2. What is the value of storage? 

The storage applications have been illustrated 

briefly in relation to discharge time and power 

in the previous chapter. But what is the value 

of storage and how can this value be 

quantified? 
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First and foremost, the potential value of 

storage, just like its costs, closely depends on 

the market conditions, including regulation 

and area of application. In this respect, an 

extensive literature is available on different 

markets. 

The European Association for Storage of 

Energy (EASE) has proposed a methodology to 

evaluate the value of grid storage, although 

such proposals do not contain any examples 

on applying the methodology (EASE, 2013). 

The Electric Power Research Institute (EPRI) in 

the US has completed a very comprehensive 

analysis of the potential benefits of storage, 

the mains results of which are summarised in 

Table 2 (EPRI, 2010). 

Some general observations can be made from 

this table: 

 The variation in value (from 3 $/kWh to 4084 

$/kWh) is significant. This is a reflection of the 

various market conditions, since the 

assessment covers the conditions across the 

US. 

 The value of power is generally higher than 

the value of energy. 

 The highest values are found in end user 

applications and when storage can defer 

investments in new transmission or 

distribution grids. 

 The highest market benefits will be found in 

short term regulation. 

 
Table 2: Valuation of different benefits of 

storage along the value chain (EPRI, 2010) 

Although it is clear that the results of the EPRI 

study cannot be directly translated into 

European conditions, the general trends have 

significance, as confirmed by European studies 

on the potential value of storage. A study 

conducted by the Centre for Low Carbon 

Futures 2050 concluded that storage could 

play a central role in the British energy 

system, for example, to cut peak loads. 

However, it also concludes that multiple 

benefits must be considered to make storage 

economically viable. Storage could be a 

competitive solution compared to back-up 

generation, and flexible loads value could be 

found across the whole value chain, not only 

from the generation-side, but also over 

transmission and distribution ones (Centre for 

Low Carbon Future 2050, 2012). The study 
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also supports the findings from the EPRI 

report that the value of storage is the highest 

for relatively short term storage and tends to 

be higher for distributed storage than for bulk 

storage, as shown by Figure 6. 

 
Figure 6: Value of added storage according to 

the storage duration (Energy Future Lab, 
Imperial College London, 2012) 

Germany provides another interesting 

example. The current main business case for 

storage in Germany is to increase ‘self-

consumption’ from PV solar. Studies suggest 

that a moderate battery system will increase 

self-consumption from 30% to 60%. Figure 7 

illustrates how this can be achieved in a 

typical home system in Germany. 
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Figure 7: Home battery storage Germany 

(BSW, 2013) 

Figure 8 complements this picture with 

projected development of electricity, PV solar 

and battery costs. It illustrates the projected 

Levelised Cost Of Electricity (LCOE) compared 

to projected electricity prices, and also 

includes the projected cost of electric storage, 

from 2007 to 2016. Due to the cost of storage, 

the self-consumption of electricity produced 

from PV panels with battery storage is 

projected to be profitable as of late 2014, and 

by the end 2016 without a support scheme. 

 
Figure 8: Cost of electricity in relation to LCOE for PV and energy storage in Germany (EuPD 

Research, 2013) 
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Note that in this calculation, ‘grid parity’ for PV 

panels was reached in 2011 (T1) and that 

shortly after, self-consumption became 

profitable (T2). Battery storage will become 

profitable with the existing support system by 

the end of 2014 (T3) and battery systems may 

be profitable without support by 2016 (T4). 

This suggests that the future for battery 

storage in Germany may be promising, but 

also illustrates that conditions for storage are 

highly dependent on local conditions. Germany 

has comparatively high electricity prices and 

generous support systems for PV solar. In 

other markets, multiple benefits must be 

considered, as well as the possibility of 

creating a business case beyond increasing 

self-consumption from PV solar. Additionally, a 

higher penetration of batteries could reduce 

the risk of problems on the grid, as well as 

lead to reductions in feed-in tariffs. 

In Italy, the market potential and the 

estimated value for utility scale storage have 

also been calculated, as shown in Table 3. 

While the findings are only relevant to the 

Italian situation, this is a very useful example 

of how the value of storage could be 

calculated based on application and system 

segment and the resulting market potential. 

Similar studies would be required for more 

markets in Europe to better understand 

conditions elsewhere. 

 
Table 3: Market potential of utility scale storage in Italy (Business Integration Partners, 2013) 
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Another example of the potential value of local 

storage can be found in Sweden (Box 1). The 

estimated benefit of 190 € per year savings 

reflects the relatively low price of electricity in 

Sweden and will result in very long payback 

periods at the current storage price (about 

2000 € for 2 kWh). However, higher prices for 

both energy and power in combination with 

lower prices of storage (below 1000 € in 2020) 

could make for an economic case by 2020. If 

the local storage via aggregators is allowed to 

participate in the balancing market, the 

business case could be significantly improved. 

This could be implemented with a system 

similar to what has been applied by PJM in the 

US, where they opened for aggregators called 

Curtailment Service Providers (CSP). 

According to PJM, a CSP is  

"the entity responsible for demand 

response activity for electricity 

consumers in the PJM wholesale 

markets. A CSP may be a company 

that solely focuses on a customer’s 

demand response capabilities, a 

lower electricity utility, an energy 

service company or other type of 

company that offers these services. 

The CSP identifies demand response 

opportunities for customers and 

implements the necessary 

equipment, operational processes 

and/or systems to enable demand 

response both at the customer’s 

facility and directly into the 

appropriate wholesale market. This 

requires the CSP to have appropriate 

operational infrastructure and a full 

understanding of all the wholesale 

market rules and operational 

procedures” (PJM). 

However, the true value of reducing the 

maximum power from the grid can only be 

capitalized when grids are built against a 

completely different standard. We can assume 

a future scenario where all end users have 

storage that can flatten the load and in 

addition have a local storage sufficient for 6 – 

9 hours operation. 

The examples from the US, the UK, Germany, 

Italy and Sweden clearly reflect the complexity 

of the issue. The value of storage can be 

found all across the value chain, from end-

user to distribution, transmission, system, and 

markets. 

One additional complexity lies in how the 

benefits align to the investments. The German 

case constitutes the most obvious business 

case, where the investment and benefits both 

are with the end user. In other cases the link 

between investor and beneficiary is not so 

clear. 
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Box 1: Characteristics of a typical Swedish household 

A typical Swedish household4 living in an apartment has the following characteristics: 
 Annual consumption without electric heating : 3,000 kWh 

 Main feeder: 1 x 220V; 20A ; 4,4kW max power 

 Daily energy consumption average: 8,2 kWh 

 Daily average power average: 0,34 kW (7,7% of max power) 

Sweden has a very low average utilization of the available grid power (between 6-10% based on typical main 
fuse and average energy consumption), and a well-developed electricity market with hourly metering and billing 
of electricity. A typical high load pattern together with daily variation of the electricity price is given in Figure 9 
and Figure 10: 

  
Figure 9: Typical daily load pattern in Sweden 

(Hansson, Johansson, & Normark, 2014) 
Figure 10: Daily variations of electricity 

prices in Sweden (Hansson, Johansson, & 
Normark, 2014) 

A local energy storage with a capacity of only 2 kWh could be used to completely flatten the power drawn from 

the grid or minimize the electricity tariff by shifting load to low price times. The chart below illustrates a case 

with a complete flattening of the load: 

 
Figure 11: Levelling out loads with batteries. Blue: consumption; Red: Battery charge/discharge; 

Green: Battery charge level: Dotted: from grid. (Hansson, Johansson, & Normark, 2014) 

According to this data, the potential value of the storage can be calculated, and shows the following annual 

benefits: 

 Reduced power tariff (-3 kW): 100 € 

 Reduced energy fee: 90 € 

It should be mentioned that the current tariff structure does not allow for a reduction of the power tariff below 
3.5 kW, which is the minimum tariff. 

                                           
4 The average size of household in 2013 in Sweden is 2.1 persons, according to Eurostat. In Sweden the average annual 
consumption per household is much higher than the European average (i.e. approximately 9,000 kWh versus 4,000 kWh). 
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II.B. The role of batteries in 

energy storage 

II.B.1. The potential market for batteries  

There are multiple technologies possible for 

battery storage. Several technologies are used 

and will be used, and there is not ‘one winner’ 

in the market. However, current developments 

indicate very clear trends which are likely to 

determine the market for the coming decade 

at least. A large part of the explanation will be 

found in the development of the global market 

and resulting costs. 

Energy storage will play an increasing role in 

the energy system. The main reasons for this 

are the increased penetration of variable 

energy production, the increased trading of 

electricity, and the changes in user pattern 

e.g. by introduction of electrical vehicles that 

will provide challenges to the distribution grid. 

So far, storage in general has mainly found 

applications in large scale storage, primarily in 

hydro storage. Some of the key reasons have 

been high costs, and a lack of regulatory 

environment likely to incentivise storage; 

however, things are changing. Market 

predictions suggest that the market for grid 

storage will rapidly increase in the next few 

years, increasing to 6 GW annually from 2017 

and then to 40 GW annually in 2022 (IHS 

Research, 2013). This compares to 0.34 GW 

per year in 2012. 

The market for storing power from solar 

panels is expected to grow from US$200 

million in 2012 to US$19,000 million by 2017 

(IMS Research, 2013). Other research predicts 

that ‘Utility-Scale Storage’ will grow by 63% 

per year (Navigant Research, 2014). This 

translates into a market for utility scale 

storage of US$18 billion in 2023 (Figure 12). 

 
Figure 12: Annual sales of batteries for ’Utility-Scale’ Storage (Navigant Research, 2014) 

Much less data is available for home energy 

storage, despite emerging markets in Japan, 

Korea and Germany. Estimates by Roland 

Berger, Avicenne and BCG suggest that the 

global market for Energy Storage Systems 

(ESS) and Li-ion batteries could grow up to 3 

to 10 GWh in 2020 and 6 to 15 GWh in 2025, 

as shown in Figure 13. These ranges represent 

the discrepancies in the estimates coming 

from various analysts. 
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Figure 13: Global home storage market (SAFT 

Group SA, 2014) 

Once again, the recent developments in 

Germany are of particular interest for Europe. 

In 2013, Germany implemented a support 

system for home storage when combined with 

PV Solar, amounting to 30% of the investment 

up to a value of 3,000 €. As shown by Figure 

14, the support system created an immediate 

market boost and in 2013, about 6000 

batteries with a total capacity of 50,000 kWh. 

A small fall in the market is expected in 2014 

but after that, the market is expected to grow 

very fast. Although the initial market has been 

dominated by home storage, larger 

commercial systems will increasingly install 

battery storage. The predicted market 

development in the longer term is very 

significant. Figure 15 shows that the market is 

expected to have stabilized in 2018 with 

100,000 units per year, and that in 2020 the 

accumulated market will be about 500,000 

batteries. It is expected that the market will 

increasingly involve retrofitting of existing PV 

installations with batteries. 

 
Figure 14: Historical and forecasted sales of local battery systems in Germany (EuPD Research, 

2013) 

Figure 15: The market for battery storage in Germany (EuDP Research, 2013)
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In conclusion, the market for battery storage 

is growing very fast, especially in Germany 

where the combination of feed-in tariffs, 

support schemes for batteries and high 

electricity prices create particularly attractive 

conditions for battery deployment. 

II.B.2. What technology will be used for 

battery storage? 

In recent years, a significant shift towards the 

development of the Li-ion battery technology 

for large scale storage has been seen. For 

small scale storage, Li-ion has long been the 

dominant technology, but today it is also by 

far the most applied technology for large-scale 

storage. The reason for this is the dramatic 

cost reduction for Li-ion batteries driven by 

volume production. 

For utility-scale projects involving batteries 

worldwide, the database of the US Department 

of Energy (DoE) shows that approximately 

51.8% (255 MW) of installed capacity and 

69.3% (216 MW) of projects under-

construction are based on a Li-ion chemistry. 

However, the DoE database does not include 

the home battery storage market, which 

accounted for about 6000 batteries in 2013, 

representing about 60 MW, the same order of 

magnitude as utility storage (EuPD Research , 

2014). 

Currently, Li-ion batteries are the clear leader 

in technology for battery storage and this is 

further underlined by the fact that this 

technology can be used for all applications. 

This is illustrated by Table 4, showing 

application versus technology. 

 
Table 4: Table of suitability of storage technologies according to the applications (US Department of 

Energy, 2013)
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As shown in Table 4, lithium batteries are 

completely suited for practically all 

applications and possibly suited for all storage 

applications. Flow batteries and NaS batteries 

potentially also have the same wide use, but 

lithium batteries are currently more mature 

and can in addition be used at any scale, from 

small batteries for home storage, to large 

batteries for utility scale storage. It is 

generally more difficult to predict the cost 

development for flow batteries and NaS 

batteries due to the low current manufacturing 

capacity and the absence of real mass 

production. For lithium batteries, the situation 

is completely different. 

II.B.3. Overview of EU demonstration 

projects 

In total, according to the Grid+ report 

(October 2013), which undertook a mapping 

of EU projects related to storage, R&D in 

electrochemical storage totals € 380 million 

per year, of which more than two thirds are 

funded at the Member State level, mostly in 

Germany, Italy and the United Kingdom. A 

Joint Programme on Energy Storage under the 

European Energy Research Alliance (EERA) 

was launched in November 2011, in which 

partners from 15 Member States will work 

together with the aim to align their RD&D 

activities within five sub-programs (i.e. 

electrochemical, chemical, thermal, 

mechanical, and SME storage). According to 

EASE, the European Association for the 

Storage of Energy, 20 to 26 large European 

projects are on-going, the large majority of 

which are in Lithium ion technology. In the 

year 2015, Horizon 2020 will open calls to 

tender for large scale storage projects (under 

LCE09-20155). 

II.B.4. Global production capacity, 

Batteries 

Lithium batteries dominate global production 

today. From Figure 16, which illustrates the 

total global battery production per technology, 

                                           
5
http://ec.europa.eu/research/participants/portal/desktop

/en/opportunities/h2020/topics/1149-lce-09-2015.html  

it is clear that flow batteries, NaS, etc. still 

represent a very small share of volumes 

compared to lithium batteries. 

 
Figure 16: Breakdown of technologies in 

worldwide battery market between 1990 and 
2010 (Avicenne Energy, 2012) 

As shown in Figure 17, the main market driver 

today is consumer applications, although 

automotive and industry (including grid 

storage) are the fastest growing market 

segments. These market projections below 

should be seen as indicative, given the 

existence of other projections with higher 

market expectations (for the automotive 

market for instance). 

 
Figure 17: Forecast of Li-ion battery market 

between 2015 and 2025 (SAFT Group SA, 
2014) 

Taking a closer look at the production of 

lithium batteries, Figure 18 illustrates how 

production has grown to over 30 GWh in 2013, 

and is expected to reach 100 GWh by 2020. 

The two largest producers, SDI and LGC, are 

Korean, immediately followed by the Japanese 

manufacturers Panasonic and Sony. These 

four companies represent about 75% of the 

http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/1149-lce-09-2015.html
http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/1149-lce-09-2015.html
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global production capacity, and both Korean 

and Japanese companies have part of their 

production activities in China. The European 

producers, including SAFT, are found in 

‘others’, and represent a very small global 

market share. Production costs are closely 

related to volume, and it is clear that the ‘big 

four’ have very significant volume/cost 

advantages. 

Looking ahead, Tesla has recently announced 

that they will build a ‘Gigafactory’ in the US 

with a production capacity of 35 GWh, 

corresponding to the global production of Li-

ion batteries in 2013 (see Figure 18). The 

factory will be built with Panasonic technology, 

and Panasonic will be co-owner. What is worth 

noting is that Tesla expects about 30% of the 

production to go to the ‘home storage’ sector, 

primarily in conjunction with PV panels to 

allow increased self-consumption. 

LG has also announced that they will increase 

their production capacity ‘tenfold’ by 2020, 

reaching a capacity of up to 100 GWh. The 

development of the electric vehicle market will 

have a significant impact on the battery 

market. Here there is a classic ‘chicken and 

egg’ problem, with the market growing faster 

when costs go down, but costs only reducing 

with volume. It appears that some major 

players such as Tesla and Nissan have decided 

to stimulate the market by building future cost 

reductions into their pricing strategy. 

 
Figure 18: Division of yearly global cell production among companies (2010-2013) and planned 

2020 Gigafactory production (Tesla) 

II.B.5. Assessment of cost, cost 

development and scalability in costs for 

technologies 

Lithium ion (Li-ion) batteries require a special 

discussion in relation to costs. Indeed, a 

strong volume driven cost reduction is 

happening right now, and is faster than 

previously expected. The main reason lies in 

the very strong increase in volumes, driven by 

applications outside the smart grid area, 

mainly battery-operated consumer electronics 

such as mobile telephones, computers, and 

power hand tools, etc. 

There are well established examples of how a 

learning curve based on production volume 

drives cost down. Often referred to as 

‘Wright’s Law’, this prediction model is mostly 

applicable to mass production of well 
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standardized products. It often demonstrates 

that every doubling of volume will reduce the 

cost by about 20%. A significant example is 

PV Solar, where the volume driven cost 

reductions have so far amounted to about 

20% per year (and are expected to continue). 

Figure 19 from Bloomberg illustrates the cost 

reduction paths from PV solar and draws a 

comparison with the development of Li-ion 

batteries. It shows that the prices of batteries 

for electric vehicles (EV) have fallen by 40% 

since 2010. 

 

 

 
Figure 19: Cost development Lithium-Ion batteries and PV Solar (Liebreich, Bloomberg New Energy 

Finance, 2013) 

The market for battery storage in smart grid 

applications is still limited, and it is therefore 

difficult to predict the future cost development 

based on the smart grid application only. But 

batteries for electric vehicles (EV) have similar 

characteristics, and here the volumes are 

significant and also growing fast. In the EV 

application, there are many different reports 

produced with forecasts of the cost 

development for batteries. These reports do 

forecast a continued cost reduction for many 

years even with existing base technologies. 
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Disruptive changes are not expected to 

happen for at least ten years. The historical 

and forecasted cost development shows a 

considerable consistency in the prediction of 

significant cost reductions, but also 

inconsistencies in the absolute cost levels even 

in current terms. The reasons for this could be 

different definitions of the scope of battery 

‘packs’ and different databases, but the 

continued downward trend is clear and it 

appears likely that costs approaching 

200 US$/kWh will be achieved in the long-

term. 

 
Figure 20: Cost predictions for Li-ion Battery Packs (V. Muenzel för Business Spectator, 2014) 

It has also been reported that Tesla is buying 

batteries today for less than 300 US$/kWh, 

which is likely to be the lowest cost offered for 

commercially available batteries. Another 

benchmark is that Nissan recently announced 

that they are offering replacement batteries 

for 230 US$/kWh. A similar cost level has 

been announced by Tesla. These cost levels 

are certainly not reflecting today’s cost level, 

but rather the expected cost level when a 

battery replacement market is realised (in 3-5 

years). Nevertheless, these communicated 

cost levels increase the credibility of achieving 

significant cost reductions in the near future. 

Notably, the quoted cost levels only reflect the 

cost of a battery package; for a home storage 

system, additional costs should be considered 

(converters, control system, etc.). On the 

other hand, home storage systems have far 

lower environmental requirements concerning 

vibration or crash safety, which are likely to 

bring costs down. Overall, this suggests that 

home storage systems will have a lower cost 

per kWh once volumes are large enough. An 

approximate estimation is that the battery 

pack will represent 50% of the total cost. 

Cost data for home storage systems is less 

readily available than for EV batteries. EuPD 

Research estimated the actual and projected 

costs for home storage systems, shown in  

Figure 21 (EuPD Research , 2014). A 

comparison with costs for EV batteries 

suggests that costs are still relatively high, 

given the low volumes on the market. Based 

on costs of EV batteries, a home storage 

system should cost around 800 €/kWh in 

2016. This is not surprising, but looking 

ahead, if higher volumes are assumed, the 

costs for home storage battery packs should 

approach the cost level of EV batteries. This 

would result in systems costs being reduced to 

400 €/kWh for complete systems by 2020, and 

even lower by 2025. 
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Figure 21: Forecast cost development home battery storage. Lithium-Ion Batteries (EuPD Research, 

2013) 

In summary, battery costs, particularly Li-ion, 

have demonstrated a significant reduction 

over recent years. The reductions have in 

some cases been driven by economies of scale 

and continued improvements of existing 

technologies. The volume drivers today are 

consumer applications and increasingly 

electrical vehicles but not smart grid 

applications. However, smart grid applications 

can benefit from the development in other 

markets since characteristics of battery cells 

are similar. It appears that costs for smart 

grid applications are still higher than for 

electric vehicles but this difference is expected 

to reduce over time with larger volumes, 

including for smart grid applications. 

Several suppliers of Li-ion batteries have 

communicated that they have a new 

generation of batteries under development, 

with significantly higher energy densities. A 

higher energy density means less material and 

higher cost reduction potential. There are also 

breakthrough technologies under development 

but these technologies are not likely to be fully 

commercial before 2025. 

II.B.6. Economy of scale for different 

technologies 

Economy of scale can be discussed in at least 

two forms: 

 Economy of scale in production; 

 Economy of scale in unit size. 

While the first aspect has already been 

discussed, relative to cost development, the 

second aspect - economy of scale driven by 

developing larger unit size - is also significant. 

Such a phenomenon is already observed in 

fossil power plants. Since large power plants 

have a significantly lower unit cost (€/kW or 

€/kWh) than a smaller unit, the tendency is to 

move towards centralized power plants. 

Renewable generation in the form of wind 

power also shows significant economies of 

scale for larger units. Typically, a small wind 

turbine in kW-class has a unit cost that is 5–
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10 times higher than a large turbine in MW-

class. As a consequence, wind turbines are 

getting bigger and bigger, and are more 

frequently built in farms in order to realise the 

benefits of shared infrastructures. 

For battery storage, the situation is highly 

distinctive based on the different battery 

technologies. Some technologies such as flow 

batteries have a significant economy of scale 

and are thus primarily of interest for large 

scale storage, while, Li-ion batteries have 

shown a very limited and even negative 

economy of scale so far. The reason is that the 

“fundamental element” (cell) is very small and 

already produced in large quantities, resulting 

in low cost driven economies of scale in 

production. The lowest cost for Li-ion batteries 

in the market is found in the small 3.7 V cells 

type 18650, and not in larger prismatic cells 

for EV applications. There is currently no trend 

towards building even larger cells, while 

battery packs consisting of a very large 

number of cells can be built very efficiently in 

highly automatized production. The effect of 

the low economy of scale for Li-ion batteries 

opens up the possibility of a significant 

penetration of local storage applications. 

An important conclusion is that batteries 

showing limited economies of scale in unit size 

(such as Li-ion technologies) are more likely to 

be used in decentralized applications. This will 

also have the implication that this type of 

storage is more likely to be purchased by end 

users. Location of batteries by end users also 

has an important additional benefit in 

providing increased security of supply. The 

impacts on requirements of the distributor will 

however only occur if there is a full 

implementation of storage by end users. 

In conclusion, battery storage technologies 

where unit costs decrease with unit size will be 

more attractive in centralized applications, but 

only if they become cost competitive. 

II.C. Assessment of the 

potential for electrical vehicles 

in the grid 

The electrification of transport has been 

identified by the IEA as one of the key actions 

to meet climate and efficiency goals. However, 

increased electrification has raised concerns 

about electricity system operation. Another 

view is that electric vehicles in fact could be 

beneficial for the electricity system. The IEA’s 

view is that 

“Combined with smart grid technologies, 

electric vehicles (EVs) can support increased 

energy system integration. A significant EV 

fleet can offer services to the electric grid 

rather than being a burden. Effective charging 

strategies can enable EVs to provide electricity 

storage and flexibility to the grid. Even at very 

high EV penetration, e-mobility accounts for 

below 15% of the total electricity demand 

across 2DS pathways in Energy Technology 

Perspectives (IEA, Energy Technology 

Perspectives, 2014).” 

It is therefore important that the introduction 

of electrical vehicles is combined with 

application of smart grid technologies. Electric 

vehicles will affect the grid during charging. 

The effect can be positive or negative, and 

smart solutions can mitigate the negative 

effects and strengthen the positive effects. 

Charging 

If charging is uncontrolled, several potential 

negative effects can occur, such as the 

overload of local distribution grids, power 

quality issues, negative effects on power 

balancing, or increased power load. With 

optimized charging, all of the above negative 

effects can be reversed and turned into 

positive effects. 

Vehicle–to-Grid (V2G) 

If charging is controlled, the battery in the car 

can also be used for the same functions as a 

home storage battery, such as 

 Reducing net power from the grid; 
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 Increasing self-consumption from local 

renewable sources; 

 Providing opportunities for a local 

consumer to be active on the electricity 

market; 

 Providing an opportunity to act on the 

market for ancillary services. 

In particular, when it comes to the ancillary 

services, distributed storage through EV fleet 

optimization (and batteries in general) might 

have a comparative advantage in terms of the 

reactive power and voltage control. Indeed, 

the reactive power must be provided close to 

the loads, which means that distributed 

storage has a specific value added compared 

to grid-scale storage. 

However, some specific features regarding 

V2G should be carefully considered, in order to 

avoid a premature aging of batteries due to 

intensive use (in terms of cycles) (National 

Research Council (US) Chemical Sciences 

Roundtable, 2012). Batteries used in EVs show 

high energy and power densities compared to 

other battery technologies, therefore their 

value is closely linked to these characteristics. 

Due to the relationship between the depth of 

discharge and the lifetime expectancy of 

batteries6, the full cycles must be preserved 

for highly valuable applications that is to say 

for transportation. In other words, EVs’ 

batteries could be used for the aforementioned 

functions, but only on a narrow range of their 

cycle (say, between 40% and 60% of full 

charge). 

In order to fully capitalize on the potential 

benefits from electrical vehicles, aggregators 

will also be needed, as shown by Figure 22. 

                                           
6 The higher the Depth-of-Discharge per cycle, the shorter 
the lifetime. 

 
Figure 22: Vehicle to Grid aggregative 

architecture (Damiano, 2014) 

Another interesting opportunity in the longer 

term is to provide a “second life” for batteries 

from electric vehicles that are no longer useful 

for vehicle applications, but could still have a 

value as local storage. There are already 

commercial agreements signed between car 

manufacturers and suppliers to the electric 

grid with that concept. This will potentially 

both extend the life of batteries, improve the 

economy and finally reduce the environmental 

impact from batteries. 

II.D. Conclusion 

Electromechanical storage is becoming 

increasingly important in the energy system. 

Among the available technologies Li-ion 

batteries are increasingly taking market share 

based on rapidly falling costs, high power 

capacity and high cycle efficiency. Li-ion 

batteries have low economy of scale allowing a 

wide range of applications from home storage 

to larger size storage. The projections are that 

the production capacity for Li-ion batteries will 

increase significantly. This will lead to 

significant cost decrease from today’s levels. 

This cost decrease is initially driven by high 

demand outside the power sector such as 

consumer products and electric vehicles. 

The value of storage covers a large range of 

benefits both as power provider and energy 

storage. To take full advantage of storage, a 
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multitude of benefits should be bundled 

together but this may require regulatory 

change and also new actors such as 

aggregators that can sell aggregated services 

from many small storage devices. A high value 

but with limited markets can be found in 

energy storage for short-term regulation. 

Another example is the market for battery 

storage in Germany where the combination of 

feed-in tariffs, support schemes for batteries 

and high electricity prices create particularly 

attractive conditions for home battery 

deployment with a combination of PV and 

batteries. 

Another important market is home storage 

particularly together with PV where the 

battery can increase the self-consumption and 

this application is already profitable in markets 

with high electricity prices. 

A particular application is using the battery in 

electrical vehicles as an element in the energy 

system. This can be done with the battery in 

the car in so called ‘Vehicle-to Grid’ (V2G) or 

the batteries could be used in a ‘second life’ 

after use in a vehicle. 
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III. THE ROLE OF BATTERY STORAGE 

IN VIEW OF THE 2020 AND 2030 

TARGETS FOR RENEWABLES 

This section aims to provide an assessment of 

costs and capacities in the European system 

out to 2030 based upon the conclusions of the 

previous section, and on specific policy 

scenario assumptions. Part A looks specifically 

at the role of storage in scenarios for the 

development of the electricity system. Part B 

analyses the role of storage in relation to the 

rural/urban areas. Part C focuses on the 

business cases in relation to the service 

provided and ownership, while part D looks at 

the interactions of batteries with other storage 

solutions. Finally, part E explores safety 

aspects related to the use and disposal of 

batteries. 

III.A. The role of battery 

storage in scenarios for the 

development of the electricity 

system  

EU targets for renewable energy have been 

set at 20% by 2020 and 27% by 2030. With 

objectives for renewable energy source (RES) 

delivered by mandatory Member State targets, 

the role of battery storage will be dependent 

on the final solutions chosen. Batteries should 

be seen as an enabling technology allowing a 

higher penetration of RES in the energy 

system. The main function for batteries is to 

provide a solution to manage the variability in 

RES production. Before analysing the role 

battery storage could play, it is important to 

look at the alternatives to provide the 

increased flexibility needed with more variable 

generation in the system. There are principally 

four different ways to provide flexibility: 

 Flexible production. It has been 

demonstrated that large scale generation 

such as coal or nuclear plants can provide 

more flexibility than historically planned. 

Gas fired plants are intrinsically very 

flexible, and even more when it comes to 

hydropower. All these types of production 

also have the potential to increase their 

flexibility if retrofitted. 

 Increased grid infrastructure e.g. in 

interconnections between Member States 

will allow sharing of reserve capacity and 

flexible resources. 

 Demand response offers a large potential 

for flexibility. 

 Finally, storage under all forms. 

In addition, there is some uncertainty 

regarding renewable resources, whether in 

terms of quantity or location, which 

complicates the projections for electricity 

storage. 

Some fundamentals related to all of the 

above-mentioned strategies to provide 

increased flexibility, should be considered in 

the first place. 

Concerning flexible production, the future 

development of battery storage is strongly 

connected to the development of the 

electricity market. In particular, the potential 

development of a capacity market, which 

would reward existing capacities for their 

flexibility, could strongly influence the 

deployment of battery storage in the EU. 

However, the increasing use of flexible 

production raises major economic concerns. 

When conventional plants are increasingly 

used to provide “reserve capacity” rather than 

“firm capacity”, the profitability of this 

capacity is affected, especially if there is no 

capacity market implemented in the 

foreseeable future. 

In terms of grid infrastructures, a minimum 

target of 10% of existing electricity 

interconnections by 20207 was recently 

endorsed at EU level. At the same time, in line 

with the 2030 target, this minimum objective 

has been raised to 15% by 2030, and active 

support to Projects of Common Interest will be 

given (European Council , 23-24 October 

2014). However, history shows that 

interconnections are often delayed by lengthy 

                                           
7 At least for Member States which have not yet attained a 
minimum level of integration in the internal energy 
market. 
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permit processes, while the fixed target for all 

countries may have a limited relevance to a 

specific country needs. This becomes obvious 

by comparing the penetration of renewable 

generation and interconnection capacity. 

Comparing the penetration of renewable 

production between the different Member 

States, it is clear that an interconnection goal 

must be determined taking into account the 

share of renewable generation in the 

electricity mix. All renewable generation 

including hydro is variable based on weather 

conditions but in different time scales. Hydro 

production capacity varies significantly over 

the year and between years but the largest 

challenge to the system is renewable 

generation excluding hydro where production 

is varying on hourly scale. In Scandinavia, 

where the penetration rate of RES is over 30 

% interconnection capacities has also been 

expanded to over 30 %. Unless the new 

interconnection target for Europe is used in a 

more sophisticated way when discussing 

priorities, new interconnectors could have a 

limited impact on supporting renewables and 

might increase the need for other solutions to 

provide flexibility. The need for 

interconnection capacity increases with RES 

penetration and the degree of RES could be a 

valuable parameter when determining the 

need for interconnection capacity rather than 

a flat rate. 

 
Figure 23: Share of renewable net generation excluding hydro in 2013 (Source ENTSO_E) 
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Figure 24: Share of renewable net generation including hydro in 2013 (ENTSO-E) 

Demand response is currently used to a 

limited extent in Europe, yet the potential is 

large. This has been demonstrated in the US 

where significant impact on peak demand has 

been achieved by very simple demand 

response actions notably by voluntary 

switching off loads such as air conditioning 

during peak hours. Under a 2030 perspective, 

it can be expected that demand response 

could play a significant role in peak reduction 

but also in absorbing excess production, 

particularly in conjunction with electrical 

and/or heat storage. Implementation can be 

stimulated by both market mechanisms and 

aggregators. In some markets such as parts of 

Scandinavia, mechanisms are already in place 

but the development of aggregators remains 

low. 

Given the limits of other solutions, battery 

storage presents obvious benefits. First and 

foremost, the penetration of energy storage in 

the energy system is essentially a matter of 

costs: 

“Energy Technology Perspectives 2014 (ETP 

2014) analysis casts doubt on recent claims 

that electricity storage will be a game 

changer, yet confirms its widespread value as 

a versatile tool. As a flexibility resource, 

storage can support grid balancing and 

facilitate access to electricity using renewable 

energy. But currently, the high cost of many 

technologies for high-power and high-energy 

applications undermine the conceptual 

flexibility potential of storage compared with 

competing options. Storage is uniquely 

capable of delivering modularity, controllability 

and responsiveness” (IEA, Energy Technology 

Perspectives, 2014). 

Based on discussion later in this report related 

to costs and cost development, penetration of 

storage will be characterized by the following 

elements: 
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 Initially, large-scale deployment of storage 

will mainly be in the form of local home 

storage in combination with solar PV. The 

economy is in increased self-consumption 

and the example of Germany shows that 

local battery storage could become 

profitable for end users in 2017 without 

subsidies. Other markets with high 

penetration of PV are likely to follow. This 

is the only application that in the 2020 

time perspective would have a significant 

impact on implementation of renewable 

energy. 

 Utility scale storage has been 

demonstrated in Italy with good success, 

but the Italian market is characterized by 

very high electricity prices. 

 Increased wind production, particularly 

from large scale wind parks, is likely to 

drive more interconnections and not 

necessarily more battery storage. 

Cost development for battery storage will only 

be driven by volumes under the 2020 

timeframe. There is still considerable potential 

for cost reductions with current technologies 

but by 2020 this potential is likely to be 

exhausted and further volume increase will not 

reduce the costs further since material cost 

will be the dominating cost factor. There are, 

however, several breakthrough technologies 

under development offering significantly 

higher energy density and thereby lower 

material use. This will pave the way for further 

cost decreases. 

The role of storage in relation to urban/rural 

areas In this discussion, the role of storage is 

captured in relation to its topological location: 

rural vs. urban. This section discusses the role 

of storage deployment rather than the 

technical specific features of a storage 

application. For each of these locations, the 

strengths and weaknesses of storage 

deployment are defined, and this section 

elaborates on the key success factors and 

main drivers for the development of battery 

storage. 

III.B. The role of storage in 

relation to urban/rural areas 

In this discussion, the role of storage is 

captured in relation to its topological location: 

rural vs. urban. This section discusses the role 

of storage deployment rather than the 

technical specific features of a storage 

application. For each of these locations, the 

strengths and weaknesses of storage 

deployment are defined, and this section 

elaborates on the key success factors and 

main drivers for the development of battery 

storage. 

III.B.1. Rural area characteristics 

The key characteristics of rural areas have a 

strong influence on the deployment of energy 

storage solutions. Rural regions in the EU 

represent 50% of the territory and close to 

25% of the population. In 2010 they 

generated 16% of economic value added and 

21% of the employment. Energy production is 

generally embedded in agriculture and 

forestry, which implies that energy systems 

have relatively high shares of biomass and 

energy is also an alternative source of 

revenue. Consumers are often at a distance 

from the grid, and in some cases with no 

access to it. Distribution infrastructures 

represent a high cost per household, which 

can be even more pronounced when the grid 

becomes sensitive to disturbances and 

presents higher frequency of outages. As 

such, there is an acute need to ensure 

electricity adequacy reserves for local off-grid 

networks, in order to face emergency 

situations or outages. This situation can, in 

some cases, lead to economic justification to 

ensure electricity adequacy reserves for a local 

off-grid network. Beyond that, rural areas 

present large land availability (including space 

for heat storage). 

In this context, storage can provide 

applications to end-users: solar/thermal 

systems coupled with a battery could play a 

role, as end user storage can decrease the 

need for grid reinforcement and increase 
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security of supply. The weakness is that low 

electricity volumes would be affected by this 

transition to new local/rural-based and micro-

grids systems, and that these regions benefit 

from limited public support to date.  

III.B.2. Urban space characteristics 

Urban areas can also have a strong influence 

on the deployment of storage facilities. 

Such areas cover high building and population 

density, and can create significant economies 

of scale. There is direct access to the grid, 

including to recharging infrastructure for EVs. 

Air pollution and CO2 are serious 

environmental constraints. Despite these 

common features, disparities exist inside 

urban areas, linked to access to transport, real 

estate, and the presence of specific industries. 

Storage can provide grid and end-users’ 

applications (see definition later in the report). 

In urban areas, storage operators will benefit 

from sufficient volumes for commercial 

deployment. However, volumes require an 

infrastructure to materialize. 

In this space, the role of infrastructure is most 

likely to be critical for EV battery deployment 

(EV charging/discharging), and for the 

recycling of both EV and grid related storage 

batteries. These investments could be 

financed by the savings arising from DSOs and 

TSOs grid investment deferrals. 

Many uncertainties remain in respect of 

deployment in different areas. The global 

configuration will depend on the existing 

energy mix, including pumped hydro resources 

in the system or residential thermal heating, 

which can also store energy under potential or 

thermal form. It will also depend on the 

effective penetration of renewable power 

plants or on their potential (wind exposure or 

solar radiation). A major uncertainty relates to 

the optimum location of batteries in the 

electricity system to ensure system stability. 

There are also major uncertainties related to 

interrelations between urban and rural 

systems. How can a system be developed 

where the two systems create synergies? How 

can rural and urban regions realise new 

sources of income streams from the 

integration of renewables on their specific 

electricity system? 

III.C. The business cases for 

battery storage in relation to 

the service provided and 

ownership 

Type of 

Battery 

Storage 

Connection 

Point 
Owner 

Bulk Storage HV Generator 

Decentralised 

Storage 
MV-LV Aggregator 

Decentralised 

Storage 
LV 

Industrial 

Consumer, 

Public service 

entity (school, 

swimming pool), 

Residential 

property 

Table 5: Connection points and owners of the 
different types of battery storage (source: 

INSIGHT_E) 

The issue of storage ownership is also related 

to the issue of the dispatch of storage output. 

The owner of a storage asset will dispatch its 

generation according to market data and 

trading strategy (market analysis and price 

anticipation), while the operators of the 

system (TSO) will dispatch electricity 

according to grid requirements (adequacy and 

security). 

As the JRC report recommended, one solution 

proposed consists of transferring the rights of 

dispatch (and possibly the ownership) of a 

storage capacity to a central market authority 

(JRC, 2013). 

In Europe, the business case is currently 

focused on three main segments: 

1) Bulk storage in generation (Pumped Hydro 

Storage), where the dispatch of electricity 

produced by hydro turbine mode, is made 

according to market considerations. This is a 
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significant market (38 GW in Europe) that 

allows extracting the value between peak and 

off-peak electricity prices. 

2) Micro-grids in islands, for example, or areas 

with strong primary energy dependency where 

the dispatch decision is not taken into 

account. 

3) Domestic battery storage associated to 

solar PV panels, where the dispatch decision is 

not taken into account. 

To benefit from priority dispatch, batteries 

would have to be qualified as a renewable 

based generator (low carbon emissions). 

III.D. Interactions of electrical 

storage and other storage 

possibilities 

This section explores how electrical storage 

can interact with other storage possibilities, 

with a particular focus on thermal storage8. 

III.D.1. Advantages related to thermal 

storage 

Thermal energy storage provides an easy way 

of improving the efficiency of any application 

where waste or surplus heat occurs. Individual 

thermal storage facilities focus on reducing the 

operation of peak load boilers and avoiding the 

cost associated with restarting processes. 

Thermal energy storage can increase 

operational flexibility in Combined Heat Power 

(CHP) plants by enabling the decoupling of the 

heat demand of a connected district heating 

system and the requirements of the electricity 

system. Seasonal storage can bridge periods 

between supply and demand from days up to 

several months, depending on the 

applications9. 

                                           
8 Please note that INSIGHT_E has published a Rapid 

Response Energy Brief in September 2014 on Synergies in 
the integration of Energy Networks (electricity, gas, 
heating and cooling). 
9 Thermal storage in the context of district heating, stores 

typically heat capacities from approximately 10 MWh up to 
2 GWh per load cycle. 

Thermal storage can also play an important 

role for the electricity system, by increasing 

the energy storage capacity, be that in the 

form of thermal energy storage (water 

heaters) or, even better, in combining heat 

pumps and thermal storage. This provides an 

efficient way towards electrification of the 

heating system while providing opportunities 

to reduce peak load on the electricity system 

and participate in the market where an 

electricity demand response market is 

established. 

III.D.2. Existing installed thermal assets 

The variety of seasonal thermal energy 

storage options covers a large spectrum of 

possible applications in single residential 

buildings up to large building complexes and 

community district heating networks. Large 

underground thermal energy storage systems 

are already used for space heating in many 

developed energy systems, be that in Canada, 

Germany, the Netherlands or Sweden. France 

relies on thermal energy storage in residential 

electric water heaters, which enables a 

reduction in about 5% of the country’s peak 

electricity demand in winter. In Sweden more 

than 25% of single family homes have ground 

source heat pumps with thermal storage, and 

large scale heat storage are installed at many 

distributed heating plants in Denmark and 

Sweden. 

III.D.3. How to combine thermal and 

electricity storage? 

The combination of thermal and electricity 

storages in CHP facilities, considered as 

decentralised generation, allows smoothing 

the consumption curve. In particular, the level 

of penetration of PV into the electricity grid, 

defined as the ratio of PV-generated electricity 

to the total electricity provided at the electrical 

grid, can be increased up to 25% with the use 

of small household scale hybrid PV + CHP 

systems (Pearce, 2009). 

In a hybrid system, excess energy from either 

the CHP unit or the PV array can be stored in a 

battery. Most hybrid systems utilize deep-
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cycle lead-acid batteries, or more recently 

lithium-ion. In most hybrid system lifetimes 

(20+ years), the batteries require replacement 

(4 to 15 years), which can have a significant 

impact of the life cycle cost of the system. 

Finally, the combination of both thermal and 

electricity storage in CHP facilities could 

enable higher levels of participation in 

balancing power markets. 

III.E. Safety aspects 

This section deals with the safety-related 

aspects linked to the use and disposal of 

batteries, with a special focus on Li-ion 

batteries. 

Since Li-ion batteries contain no toxic metals 

(unlike other types of batteries which may 

contain lead or cadmium), they are generally 

categorized as non-hazardous waste. 

However, lithium has resource exploitation 

constraints which can lead to environmental 

problems. 

In terms of resources exploitation, the major 

components of a lithium-ion cell require the 

mining of lithium carbonate, copper, 

aluminium, and iron ore. Lithium mining 

specifically is resource intensive, but lithium 

being only a minor mass portion of the battery 

cell, the aluminium and copper environmental 

impacts are much more significant. The 

manufacturing processes of nickel and cobalt 

for the positive electrode (cathode) and also 

the solvent can have potential environmental 

and health hazards (Environmental Protection 

Agency, 2013). 

According to a recent Stanford University 

study (Barnhart, 2013), over their lifetime 

batteries store only two to ten times the 

energy needed to build and operate them. This 

compares with ratios higher than 200 for 

pumped hydro storage and compressed air 

energy storage. The relatively low ratio for 

batteries results from their cycling life and the 

materials of which they are made, underlining 

the need for continuing research to improve 

durability and investigate new materials. 

Important safety issues that could 

compromise public acceptance must be 

addressed in the case of batteries and 

hydrogen solutions. 

The Stanford study can be challenged since 

the lifetime of the batteries has been 

calculated from the normally quoted life cycle. 

These data are based on a continued number 

of deep charges. This does not necessarily 

reflect the way a battery for grid storage is 

used and this could result in a significant 

improvement of the energy ratio. In addition, 

there is a substantial progress in battery life 

cycle. Having said this the lifetime of the 

battery is significant both for economic and 

environmental performance. 

http://en.wikipedia.org/wiki/Toxic_metals
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Figure 25: Optimal Microgrid Energy Storage Strategies in the Presence of Renewables 

(Bhattacharya & Kharoufeh, 2014) 

III.F. Conclusion 

There is a wide range of solutions when using 

storage. In particular, local optimisation can 

be performed when combining heat pump and 

thermal storage or Combined Heat and Power 

and battery storage, in solutions that bring a 

high level of flexibility. 

Safety issues that could compromise public 

acceptance still need to be addressed in the 

case of the large scale deployment of batteries 

and hydrogen solutions. 
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IV. BOTTLENECKS 

This section aims to identify the current 

bottlenecks in terms of legislation, and to 

propose solutions. The EU legal framework 

was formulated back in 2008/2009 with the 

clear objectives of facilitating the penetration 

of renewable energies and ensuring the 

unbundling of transportation assets and 

generation assets from traditional utilities. 

Article 9 of Directive 2009/72/EC related to 

unbundling constitutes the main barrier to 

large scale storage development on the grid 

because TSOs acting on the wholesale 

generation market could be a source of 

market distortion and interference with system 

wide responsibility. However, this barrier is 

less acute for mid to small scale battery 

storage, where market interferences still need 

to be quantified. 

Although existing European legislation 

recognises storage as a strategic asset of the 

power system, it does not provide a 

framework to allow its full deployment. The 

lack of distinction between the different 

storage technologies and the lack of definition 

of storage so far, have made European 

legislation a major barrier to storage 

development. 

In the following, Part A describes the role of 

storage in legislation. Part B builds upon the 

conclusions of Part A to bring guidelines on 

how storage should be defined. Part C intends 

to review existing / emerging business cases. 

IV.A. Storage from the 

legislator’s perspective 

IV.A.1.  No clear distinction in existing 

legislation for storage 

IV.A.1.i Existing rules 

Directive 96/92/EC concerning common rules 

for the internal market for electricity, does not 

refer to storage explicitly, but sets important 

guidelines, which can support the definition of 

storage. In particular, system operators’ 

responsibilities, outlined under Articles 7.1 to 

7.310, require the Transmission System 

Operators (TSOs) to constantly balance two 

main responsibilities: adequacy of flows11, a 

responsibility that originates from the fact that 

electricity cannot be stored on a large scale, 

and system security. 

These responsibilities were developed further 

in Directive 2009/72/EC, concerning common 

rules for the internal market electricity, under 

Article 12, where transmission system 

operators are not only responsible for the 

management of energy flows, but also for 

ensuring the availability of all necessary 

ancillary services, including those provided by 

demand response. Storage is not mentioned in 

Article 12, but has been taken into 

consideration by other types of legislation. For 

instance, storage is considered in the Energy 

Efficiency Directive (Directive 2012/27/EC)12, 

the Renewable Energy directive (Directive 

2009/28/EC)13, or through network codes, as 

an alternative to demand response. 

With the third package legislation on energy 

and climate, storage is already recognised as 

a strategic asset in the integration of 

intermittent renewable energy to grid 

infrastructures that Member States should 

consider14. Under Article 16 of the Renewable 

Energy Directive referring to “Access to and 

                                           
10 - operating, ensuring the maintenance and developing 

the grid (Article 7.1) 

- managing energy flows (Article 7.3) 

- ensuring a secure, reliable and efficient electricity 

system 

- ensuring availability of all the necessary ancillary 

services (Article 7.3). 
11 Ensuring that supply and demand is balanced in real 
time. 
12 According to annex XI, 2., “Network regulation and 
tariffs shall not prevent network operators or energy 
retailers making available system services for demand 
response measures, demand management and distributed 
generation on organised electricity markets, in particular : 
[…]the storage of energy”. 
13 Art 16. 
14 Directive 2009/28/EC (Renewable Energy Directive), 

promoting the use of renewable energy sources, states 
that: “There is a need to support the integration of energy 
from renewable sources into the transmission and 
distribution grid and the use of energy storage systems 
for integrated intermittent production of energy from 
renewable sources.” 
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operation of the grids”, it is indicated that 

Member States shall take appropriate steps to 

develop storage facilities15. 

However, storage is referred to as a generic 

term, while no specific kind of technology is 

mentioned, be it pumped hydro systems, 

flywheels, Compressed Air Storage, 

Concentrated Solar Power or batteries. 

Articles 9, 14, 26 of Directive 2009/72/EC 

concerning common rules for the internal 

market for electricity set up clear unbundling 

rules for the separation of transmission 

system or system operators from generation 

or supply functions and assets. These rules 

have been defined to reduce the “inherent risk 

of discrimination”, not only in the operation of 

the network, but also in the incentives for 

vertically integrated undertakings to invest 

adequately in their networks. TSOs find 

themselves in a position whereby they are 

banned from owning an asset that generates 

energy but, in theory, are not banned from 

owning an asset that contributes to system 

security or enhances interconnections, 

assuming that this does not create undue 

market distortions. This leeway in 

interpretation is reflected in the different 

treatment of storage by TSOs in Europe, with 

some of them double counting grid fees and 

some of them netting the fees related to 

injection and withdrawal. 

Promotion of regional cooperation and cross 

border trading is an important element of 

Directive 2009/72/EC. Cross border 

cooperation encompasses exchanges of 

reserves and balancing energy. No reference 

however is made directly to storage. 

Article 15 of the Directive attributes dispatch 

functions responsibilities to TSOs, without 

prejudice to supply contractual obligations. 

                                           
15 Directive 2009/28/EC: “Member States shall take the 
appropriate steps to develop transmission and distribution 
grid infrastructure, intelligent networks, storage facilities 
and the electricity system, in order to allow the secure 
operation of the electricity system as it accommodates the 
further development of electricity production from 
renewable energy sources, including interconnection 
between Member States and between Member States and 
third countries.” 

Once again, no explicit reference is made to 

storage assets. However, the text has major 

implications for the integration of storage 

(when operated on a stand-alone basis), and 

more specifically for Energy Management 

Systems of storage, which define battery 

cycles (life cycles and depth of discharge) 

according to a pre-determined dispatch 

function. This element of the legislation would 

however not need to be considered when the 

battery operates in conjunction with 

conventional generation. 

The Directive puts less stringent unbundling 

requirements for DSOs, estimating that the 

scope of discrimination is less important than 

in transmission. Still, DSOs shall procure the 

energy they use to cover energy losses and 

reserve capacity according to transparent, 

non-discriminatory and market-based 

procedures (Art. 25). 
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Box 2: ENTSO-E’s Ten Year Development Plan 

In its first Ten Year Network Development Plan (TYNDP), back in 2012, ENTSO-E expressed concerns that “In 

terms of regulatory issues, open questions are related to which players (private market operators contributing 

to system optimization or regulated operators) shall own and manage storage facilities.” 

Although there has not been any major legislative developments regarding ownership, management, or market 

definition of storage, there are positive ongoing developments in the 2014 TYNDP, which incorporates a new 

2030 vision, at the cross-road of the EU 2020 and 2050 energy targets. 

Meanwhile, the formal role of the TYNDP in European electricity system development is further strengthened via 

Regulation (EU) 347/2013, in force since April 2013, through which the ENTSO-E TYNDP is mandated as the 

sole instrument for the selection of Projects of Common Interest (PCIs). There is also a benefit of 

storage being recognised with the creation of a “Storage-PCI” list that is separated from the “Smart Grid PCI” 

list. In the “Storage-PCI”, a battery storage system in Central South Italy (Terna) has been defined with a 250 

MW batteries on the 150 kV transmission line, which, so far, was not selected by the EC. 

To sum up, existing EU legislation does not 

give a clear definition of storage, but sets 

important barriers in terms of ownership of 

storage assets. Storage is conceived as 

opening an access gate to the generation 

market, with clear risks of market interference 

which would contradict ownership unbundling 

rules. In addition to mentioning storage in the 

energy efficiency directive, the renewable 

energy directive and the demand connection 

network codes, other network codes also state 

the possibility that storage could be used as a 

generation tool. 

IV.A.1.ii Grid codes developments 

In the delivery of the third package, part of 

the responsibility of ENTSO-E is to elaborate a 

number of grid codes that will be transferred 

into bidding law based on the “comitology” 

procedure, after consultation with ACER 

(Agency for Coordination of Energy 

Regulators). 

These codes are an important part of the 

legislation that will create pathways for 

storage to be allowed to operate in specific 

circumstances, while respecting the 

aforementioned legislation. 

Among the ten different codes16, four network 

codes appear to be relevant for the 

                                           
16 Capacity Allocation and Congestion Management 

(CACM); Forward Capacity Allocation (FAC), Electricity 
Balancing (EB), Requirements for Generators (RfG), 
Demand Connection (DCC), HVDC Connection (HDVC), 
Operational Security (OS); Operational Planning and 

deployment of storage: the Network Codes 

Requirements for Generators (RfG), the 

Network Code on Load-Frequency Control and 

Reserves (LFCR), the Network Code on 

“Demand Connection”, and the Network Code 

on Balancing. 

Grid connection requirements – Network 

Codes Requirements for Generators (RfG), 

published on March 8th, 2013 - establish that 

the Power Generating Module shall be capable 

of activating the provision of Active Power 

Frequency Response at a frequency threshold 

between 50.2 Hz and 50.5 Hz17. The actual 

frequency threshold and drop settings18 shall 

be determined by the relevant TSO. If 

considered to be a generation unit, a “Power 

Storage Module” shall be capable of either 

continuing operation at Minimum Regulating 

Level when reaching the frequency threshold, 

or of further decreasing Active Power output 

(discharging). 

The Network Code RfG establishes that the 

“Power Generating Modules” shall be equipped 

with a logic interface in order to cease Active 

Power output within less than 5 seconds 

following an instruction from the Relevant 

                                                                      
Scheduling (OPS), Load Frequency Control and Reserves 
(LFCR), Emergency and Restoration (ER) 
17 with a drop in a range of 2 – 12% 
18 The relation between the frequency relation and the 

change in the active power can be written as deltaP = 

−Rdeltaf, (2.3) in which R is the systems frequency 

regulation constant, also called frequency droop given in 

MW/Hz. 
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Network Operator. The Relevant Network 

Operator shall have the right to define the 

requirements for further equipment to make 

this facility operable remotely. This 

requirement can be a driver for the use of 

interactive solutions like battery storage, as 

the logic interface (or programmed control 

centre) can be used not only for support to 

transmission networks as intended by the 

network code, but also for distribution network 

management (see IV.B.5 on p.47).

 

 
Figure 26: Types of generators from ENTSO-E Network Code RfG 

The LFCR submitted by ENTSO-E to the 

European Commission following the positive 

opinion from ACER, mentions in its article 45.6 

that: “a Frequency Containment Reserve 

providing Unit […] shall be able to fully 

activate its FCR Capacity continuously for a 

time period of not less than 30 minutes” 

(ENTSO-E, 2013). Such a final decision would 

limit the ability of battery to operate in load 

frequency control market. 

ENTSO-E also released its Network Code on 

“Demand Connection” referred to as “DCC” in 

December 2012 (ENTSO-E, 2012). The 

network code received a favourable 

recommendation from ACER in March 2013. 

This code is very important as it brings into 

consideration demand side management, a 

new dimension in utility systems, where 

demand was considered to be mostly fixed or 

with little room for adjustments. Article 2 of 

the Network code specifies that “Demand Unit 

means an indivisible set of installations which 

can be actively controlled by a Demand 

Facility Owner or Distribution Network 

Operator to moderate its electrical energy 

demand. A storage device within a Demand 

Facility or Closed Distribution Network 

operating in electricity consumption mode is 

considered to be a Demand Unit”. Demand 

Facility means a facility which consumes 

electrical energy and is connected at one or 

more Connection Points to the Network. On 

the contrary, a Distribution Network and/or 

auxiliary supplies of a Power Generating 

Module are not to be considered a Demand 

Facility. An implementation guideline for 

network code on “Demand Connection” was 

published on 16 October 2013 (ENTSO-E, 
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2013), and the code has been submitted to 

the EC. 

Guidelines on State aid for environmental 

protection and energy 2014-2020 

The Recent European guidelines on state aid 

to the energy and environmental sector for 

2014-2020, issued in the Communication 

2322/3 of the European Commission set up a 

framework that will allow electricity generated 

from renewable energy sources to receive 

market based remuneration (European 

Commission, 2014). Through these guidelines, 

the Commission intends to stimulate 

investments for other types of technologies: 

conventional back up capacities, networks and 

innovative technologies. In the “aid for 

generation adequacy” aid exemption category, 

Member States could propose capacity 

remuneration mechanisms, in so far that these 

mechanisms also provide incentives for other 

substitutable technologies, demand response, 

and electricity storage. 

IV.A.1.iii EU battery directives 

General legislation 

Directive 2006/66/EC on batteries and 

accumulators and waste batteries and 

accumulators, referred to as the EU Battery 

Directive, sets to minimise the negative 

impact of batteries on the environment. The 

Directive covers equipment and batteries (and 

accumulators) used in connection with solar 

panel, photovoltaic, and other renewable 

energy applications. 

It restricts the use of some materials in 

batteries (particularly mercury and cadmium) 

and requires Member States to improve the 

environmental performance of batteries and 

put in place battery collection schemes. 

Member States must also ensure that battery 

storage and recycling of spent batteries are 

put in place, and should report regularly on 

progress in the areas covered by this 

Directive. Since September 2011, battery 

recycling processes must meet the following 

levels of efficiency for all types of portable and 

industrial batteries:19  

 Lead-acid batteries: recycle lead as far 

as technically feasible, and recycle a 

minimum of 65% of batteries by 

average weight; 

 Nickel-cadmium batteries: recycle 

cadmium as far as technically feasible, 

and recycle a minimum of 75% of 

batteries by average weight;  

 Other batteries: recycle a minimum of 

50% of batteries by average weight.  

Commission Regulation 493/2012 (pursuant to 

Directive 2006/66/EC) lays down detailed 

rules regarding the calculation of recycling 

efficiencies of the recycling processes of waste 

batteries and accumulators. It requires that 

producers should bear the net costs associated 

with recycling. Import subsidiaries or battery 

pack assemblers based in the EU are 

considered as “producers”, and should 

therefore bear the net costs associated with 

recycling processes. The Ecodesign Framework 

Directive 2005/32/EC establishes a framework 

for the setting of ecodesign requirements for 

energy-using products. Under Directive 

2005/32/EC, Regulation 278/2009 sets 

ecodesign requirements for no-load condition 

electric power consumption and average active 

efficiency of external power supplies. 

Special case for EVs 

Hybrid vehicles have two types of battery. The 

first is generally a 12 V (usually lead-acid) 

battery used as an automotive starter for 

lighting and for ignition power. This is 

classified as an automotive battery.  

The second type is a Lithium ion or a Nickel 

Metal Hydride battery, used mainly for 

propulsion purposes and as a warm starter. As 

this battery does not have the function of an 

automotive battery, it does not fall under the 

definition of automotive batteries, but qualifies 

as an industrial battery. 

                                           
19 Article 12(4) and Annex III, Part B –Directive 
2006/66/EC. 



Policy report 

November 2014 1 
 

38 

 

For waste of electric and electronic equipment 

(WEEE) and end of life vehicles (ELV)20, the 

applicable Directives specify that batteries 

have to be removed and further treated 

according to the Batteries Directive. The ELV 

Directive also introduces the concept of 

Extended Producer Responsibility (EPR). In 

practice, EPR implies that producers take over 

the responsibility for collecting or taking back 

used goods and for sorting and treating for 

their eventual recycling. Such a responsibility 

may be merely financial or organisational as 

well. 

European waste legislation currently provides 

a global framework for the implementation of 

EPR in Europe, where the Member States, 

through their domestic legislation, are 

responsible for the implementation of EPR. 

This explains why there is a slow development 

of EPR in Europe, with varying collection and 

re-use rates. The positive market value of 

industrial and automotive batteries ensures 

very high collection rates in Europe, at close to 

100% collection rates in Germany, Finland and 

Netherlands. These EPR schemes are financed 

by revenues from recycled materials, and no 

financial contribution from producers is 

needed. 

Under the WEEE Directive Recast which should 

be in place by 2015, the EC plans to 

investigate how producers can be made more 

responsible for their own waste costs. 

IV.A.1.iv Experiences from US and 

Belgium models 

USA 

In 2013, the US DOE published a 

comprehensive strategy for storage (US 

Department of Energy, 2013) based on 

California’s and other states existing laws21 

supporting both storage investments in the 

electricity systems and a network regulation 

favouring storage. Although the US experience 

may not be directly applicable to the EU due to 

differences in market designs, it is worth 

                                           
20 Directive 2000/53 
21 FERC order 755 and 784. 

noting that support has been set up as part of 

an integrated strategy to promote storage, 

from an industry perspective (fiscal incentives 

for investments in storage)22 down to a 

performance regulation in end markets and to 

the support for the electrification of the 

automobile industry. 

The main initial observation from the DOE was 

to build a strategy upon existing large flywheel 

installations that were already at a commercial 

stage, mostly in ensuring frequency 

regulation. From this initial observation, 

alternative storage solutions to flywheels could 

be contemplated in providing spinning reserve 

or curtailment. The DOE also underlined the 

ageing of grid infrastructures, and the 

potential that storage could bring 

in investment deferral. Also, the strategy 

identified a global trend for an industry growth 

from $200 million to $19 billion by 2017 (IMS 

Research, 2013) linked to a 7000 MW 

photovoltaic global installed capacity. As a 

result, the DOE’s 2011 Strategic Plan has 

identified a number of targeted outcomes in 

support of this goal, the most relevant to this 

mission being reducing energy storage costs 

by 30% by 2015, and supporting the 

integration of Plug-in Hybrid Electric and 

Battery Electric Vehicles, as these uses shift 

load profiles. 

This “performance based regulation” (or pay-

for-performance) that applies to primary 

reserve, based upon a capacity payment and 

upon a performance payment, is now being 

implemented by those US TSOs falling under 

FERC regulation.  

                                           
22 Congress also introduced the STORAGE Act that 
provides fiscal incentives for investing in storage. 
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Figure 27: US main policy supports to storage (source: Ifri) 

 

Figure 28: Schedule for implementing energy storage systems in California (Eto, 2012) 

Belgium 

TSOs could be allowed to use storage under 

the following conditions, as stated in Article 9 

(1) of the Belgian Electricity Act: (i) the 

electricity is generated for balancing purposes 

only, with an explicit prohibition for 

commercial purposes; (ii) the stored electricity 

is called upon as a last resource; (iii) under 

the form of negotiated drawing rights; (iv) to 

the limit of the power needed for ancillary 

services; (v) upon the prior approval of the 

regulator; (vi) after having completed all 

•Requiring the state’s three largest utilties to invest in 
over 1.3 GW of new energy storage capacity by 2020. 

California Public 
Utilities 

Commission 

•Taking proactive steps to open United States 
electricity markets to energy storage technologies. 

•Permitting companies other than large utilities to sell 
ancillary services in the electricity market. 

•Recognising value of super-fast response 
technologies, including energy storage. Requires 
operators to compensate for frequency regulation 
based on the actual service provided. 

FERCS – Orders 
755 and 784 

•Global Energy Storage Database 
Department of 

Energy 

http://www.energystorageexchange.org
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relevant procedures for calling upon the 

market. 

IV.A.1.v Electric vehicles (EV-HV) 

In December 2008, the European Parliament 

and Council reached an agreement through a 

co-decision procedure on the details of the 

CO2 legislation for passenger cars, laid down 

in Regulation No. 443/2009. In addition to the 

target of 130 g/km in 2015 and details of the 

way it is implemented. The same regulation 

also specifies a target for the new car fleet of 

95 g/km for 2020. By the end of 2015, the 

Commission must review the CO2 targets for 

cars and for LCVs, and consider another round 

of CO2 emission targets for 2020/21 and 

beyond. The regulations cover only CO2 

emissions, other greenhouse gases are not 

regulated. Although CO2 reduction targets are 

the main drivers for manufacturers’ car offers, 

there could be a point, when the total cost of 

ownership of an EV car will be the main driver, 

which will be the point of EV market take off 

(UBS, 20 August 2014). 

IV.A.1.vi Conclusion 

Directive 96/92/EC - creation of the internal 

market for electricity - sets major 

responsibilities for TSOs or DSOs that 

constantly have to balance two main 

responsibilities23: adequacy of flows and 

system security. When further developed in 

Directive 2009/72, these responsibilities do 

not mention storage; which, if we assumed 

that batteries were to comply with Article 9 on 

unbundling, still constitutes a barrier to 

batteries development at grid level. The lack 

of clear definition of storage (including the 

lack of segmentation between storage 

technologies and/or between small scale and 

large scale) has so far created strong barriers 

to storage development. The guidelines on 

State aid for environmental protection and 

energy 2014-2020 will facilitate the creation of 

capacity markets and could, in some 

countries, also facilitate storage market 

penetration. However, this would not be 

                                           
23 mentioned under Article 7.3 

considered sufficient because capacity markets 

initiatives are driven by Member States. 

Clarification of the role of storage in system 

adequacy and system security (Directive 

96/92/EC and Directive 2009/72) is a pre-

requisite in order for storage to become an 

effective support tool to pan-European 

renewable integration. 

Another important legislative barrier relates to 

recycling obligations. Commission Regulation 

493/2012 requires that producers or pack 

importers should bear the net costs associated 

with recycling, but the existence of the 

Extended Producers Responsibility obligation 

refrains manufacturers from committing to 

large volumes, based on the fact that it would 

lead to uncontrollable recycling costs. Existing 

European legislative framework is not 

favouring any scaling up of a battery 

manufacturing industry, their use in the 

electricity sector and re-use at the end of their 

life-time. The anticipated take off from the 

automotive industry has not materialised, 

although the stringent definition of emissions 

factor constraints post 2020 could provide a 

boost to the EV industry and to batteries 

towards 2030. 

Part B will assess more precisely what role 

battery storage should play in the electricity 

sector (and to a lesser extent in the 

automobile sector), in conjunction with other 

smart grid equipment in the context of 

increasing variable renewable generation. 

IV.B. System benefits of storage 

Battery storage is both technically able to 

manage energy flow (represented by the 

energy value extracted from the storage in 

kWh) while providing capacity to the system 

(represented by the value of the discharge 

capacity in kW). While current available 

technologies may not be able to offer system 

wide solutions, it can bring benefits at specific 

parts of the energy system to the generators, 

TSOs, DSOs and final customers. 

According to the report “Energy Storage 

Innovation in Europe: a mapping exercise”, 
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from Grid +, a storage solution envisaged in 

the context of smart grids, is considered as a 

“box that takes in electricity – and is as such 

connected to a grid – and releases energy in 

some form, either electricity or heat” (Grid +, 

October 2013). The Smart Grid approach 

considers storage as an energy offering box, 

connected to other smart grid components, 

which from a grid perspective is related to 

DSO services, and could also have value in 

grid tariffs aspects for the end-users. Finally, 

electricity storage for end–users (from 

residential to small and medium enterprises) 

is becoming attractive to support energy bill 

savings, and therefore energy efficiency and 

affordability policies. 

 
Figure 29: Operational Benefits Monetizing the Value of Energy Storage (Source: Electric Power 

Research Institute) 

Storage is a modular device, connected to 

smart grid components, coupling energy and 

capacity offering, with a large range of 

applications. Storage definition will have to be 

based upon a field of specific applications 

related to energy injections/withdrawal 

patterns and timing. As opposed to load, 

storage has two connection points on the 

network (charging / discharging), but can 

provide a portfolio of applications. 

IV.B.1.  What is the role for electricity 

market arbitrage? 

Market arbitrage (especially with fossil fuel 

generation) occurring over a longer period of 

time, should be differentiated from power 

generation back up over a short period 

(minutes to hours). 

Germany currently offers a good example of 

the type of buy-sell spreads available in a 

system with substantial intermittent renewable 

energy penetration. As shown from Figure 30, 

a buy-sell spread of about €20/MWh is 

available for about 20% of the average day 

while spreads of €50/MWh are only available 

on isolated occasions. 
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Figure 30 Electricity Spread in Germany (€/MWh) (The Energy Collective Blog, 2014) 

Given that the operating marginal cost is 

reduced to operations and maintenance costs, 

storage would stack up at the bottom of the 

generation marginal merit order curve. In the 

absence of a capacity remuneration, there is 

no economic value at the prevailing wholesale 

market conditions. 

Sodium-sulfur (NaS) and lithium-ion (Li-ion) 

are the most suited for stationary storage due 

to their higher power and energy densities, 

and greater durability. 

IV.B.2.  What is the role for TSO 

dispatching and balancing market? 

Electricity balancing is one of the key roles of 

Transmission System Operators (TSOs) where 

they act to ensure that generation equals 

demand in real time, because electricity 

cannot be stored on a large scale. 

Balancing uncovers all actions and processes 

(assessing, planning, and procuring) through 

which TSOs ensure that total electricity 

withdrawals are equalled by total injections in 

a continuous way, in order to maintain the 

system frequency within a predefined stability 

range (50 Hertz at transmission level), up 

until gate closure (a point before the real time 

at which contracts are finalised). 

Balancing is provided by electricity generators 

through operating reserve activation. 

Electricity generators normally base their 

decisions on conditions on the spot market 

(including CO2) existing long term contracts, 

temperature forecasts and other conditions 

that affect electricity consumption in a given 

hour of operation. If there is a long time lag 

between the closing of the spot market and 

real time operations, the conditions that affect 

electricity use on a short time basis (e.g. 

temperature) may well change. In general, 

therefore, the need for up or down regulation 

and thus the amount of trade on the real time 

balancing market will increase as the time 

difference between the clearing of the spot 

market and real time operations increases. 

The closer to real-time, the less need for 

operating reserves. 

 In the eventuality of battery storage being 

used as reserve provider (energy or capacity 

provider), then the equivalent value benefit 

attributed to storage would be equivalent to 

the average balancing price that generators 

receive. In an efficient market, this price 
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should be equivalent to the cost of avoided 

generation for the units operating under the 

reserve facility. 

One benefit of battery storage could be to 

improve liquidity in the balancing markets, 

while reducing volatility of balancing prices 

created by a small number of players 

operating on the market, which may prove too 

risky for new entrants and intermittent 

generation. 

IV.B.3.  What is the role for ancillary 

services (e.g., Fast Frequency Response, 

Islanding)? 

IV.B.3.i Short introduction and definitions 

Ancillary services are grid support services 

required by power systems (transmission or 

distribution system operators TSOs or DSOs) 

to maintain integrity, stability and power 

quality of the power system (transmission or 

distribution system). These services allow to 

keep the frequency, voltage and stability of 

the power system within operational limits or 

to recover the system in case of a disturbance 

or failure. ENTSO-E Network Code 

Requirements for Generators (RfG) categorise 

ancillary services into three types of services: 

frequency support, voltage support, and 

system restoration (Rotor Angle Stability24). 

 

                                           
24 Ability of the synchronous machines in an 

interconnected power system to remain in synchronism 

after being subjected to a disturbance.  

 

 
Figure 31: Ancillary services: an overview of 

services (source: ENTSO-E) 

Ancillary services can be provided by 

connected generators, controllable loads 

and/or network devices like storage devices. 

Some services are set as requirements in Grid 

Codes (recovered through tariffs) and others 

are procured as needed by TSOs and DSOs 

under tendering or competitive pricing. There 

are different procurement and remuneration 

practices for ancillary services throughout the 

European Union.  

Box 3: Definitions of reliability, stability, 

and security of a power system 

(IEEE/CIGRE Joint Task Force on Stability 

Terms and Definitions, 2004) 

Before discussing the role of storage in ancillary 

services, it is important to clarify some important 

definitions regarding electricity system security, 

reliability and stability. 

The most relevant and most widely accepted 

definitions of these terms are summarized in the 

report of the joint CIGRE-IEEE task force on 

stability terms and definitions (2004). 

Reliability of a power system refers to the 

probability of its satisfactory operation over the 

long run. It denotes the ability to supply adequate 

electric service on a nearly continuous basis, with 

few interruptions over an extended time period. 

Stability of a power system refers to the 

continuance of intact operation following a 

disturbance. It depends on the operating condition 

and the nature of the physical disturbance. 
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Security of a power system refers to the degree of 

risk in its ability to survive disturbances 

(contingencies) without interruption of customer 

service. It relates to robustness of the system to 

disturbances and, hence, depends on the system 

operating condition as well as the contingent 

probability of disturbances. 

IV.B.3.ii What is the role for storage in 

system security? 

Storage is not expected to play a major role in 

assessing reliability of a power system over 

the long run. Battery storage does not play a 

role in system reliability, where its ranges of 

capacities (from 0.5 kW to 50/100 MW) would 

not allow it to withstand the probability of loss 

of the largest components, which requires 

compensations of up to 3000 MW at European 

level according to ENSTO-E definition. 

All three dimensions of system stability (rotor 

angle stability, frequency stability and voltage 

stability) are important to ensure that the 

system is able to face an unexpected 

disturbance (ex: storm or power generation 

blackout) under different time horizons, both 

short and long terms. Batteries can play a role 

through the provision of short term ancillary 

services (from seconds, to minutes or hours). 

System security is threatened for example 

when the system operationally runs into 

stability problems (frequency stability, voltage 

stability, transient stability, oscillatory stability 

or combinations of several phenomena) 

leading to wide area load disconnections or 

even a black-out. Consequently, storage 

directly supports the stability of a system. 

According to IRENA (DIgSilent Gmbh, April 

2013), highly centralised power systems of the 

same model are generally more robust, which 

means that European countries may have 

different considerations towards the need for 

electricity battery storage to support their 

grid. To that extent, several countries in 

Europe are evaluating the necessity of battery 

storage both at transmission and distribution 

grid levels (Italy, UK). 

IV.B.3.iii Storage contribution to 

frequency reserves 

Frequency services are a key contributor to 

system stability in allowing to maintain a 50 

Hertz frequency. These system related 

services, referred to as frequency response, 

are generally provided by synchronised 

generators specially selected by TSOs to 

operate in “frequency sensitive mode” 

(running part loaded) and by load reductions 

from some industrial customers. They 

maintain the system frequency profile over 

time scale from seconds to several tens of 

minutes. Beyond these timescales, the system 

operator would call, manually, upon reserves 

to re-establish the original level of Frequency 

Response services in the system, so that any 

subsequent loss of generation can be dealt 

with. 

 
Figure 32: Frequency Deviation and Activation of Reserves (ENTSO-E, 2013) 
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There is a three step reaction to adjust for 

frequency in system reserves activation. 

Firstly, the system will integrate “Inertial 

reserves” whereby lost power is compensated 

by the energy stored in rotating masses of all 

generators. The first power brought to reserve 

is, therefore, stored energy (inertial reserves). 

Electrochemical storage could be activated 

instead of system inertia. 

As a second step, reserve requirements 

(primary and secondary control) are met by 

(slower) part-loaded plant and by non-

synchronised plant, such as standby 

generators, flexible demand and local storage 

that can start generating quickly (a few 

second to a few minutes) upon receiving the 

instruction from the TSO through contractual 

arrangements or through the ancillary market 

(market exchange or auction). On the primary 

and secondary control (up to 15 minutes for 

primary control and, electrochemical battery 

could also be appropriately activated by TSOs. 

However, a wide range of solutions can be 

contemplated from Lithium-ion to NaS 

batteries, which can have a duration of up to 7 

hours. 

Finally, the system operator will re-establish 

the original levels of Reserves by scheduling 

another generator to replace the lost plant 

(Replacement Reserves). This generation re-

dispatch process would normally be completed 

within several hours, driven by the time 

needed to start up a coal-fired unit or a 

Combined Cycle Gas Turbine (CCGT). At this 

point the electrochemical storage unit might 

no-longer be used unless future high energy 

density solutions like Lithium Iron Phosphate 

can be developed in the future. At this level, 

electrochemical battery benefits from 

efficiency in ramping up capacity. If we 

consider a CCGT plant of 500 MW only a minor 

proportion of the plant can be used for fast 

response reserve service, while batteries are 

much more efficient in providing a much 

higher response rate, while saving on fuel and 

emission costs. According to the grid code, the 

ramp rate which is defined as the derivative of 

the power dispatch must be kept within 

certain limits. 

Battery storage demonstrators, the technical 

performances (efficiency, life duration, etc.) of 

a number of storage technologies (lithium-ion 

battery, flywheel, variable speed for Pumped 

Hydro Storage, etc.) are under assessment to 

demonstrate their technical ability to fully 

activate their frequency control ability for 

short periods of time (15 minutes) at the local 

level, as a primary reserve requirement. 

Storage response can be ideally suited to allow 

system operators to reduce the amount of 

spinning reserves provided by inefficient single 

units. Therefore, on top of ancillary services 

provider, storage also provides an opportunity 

benefit relative to avoided costs of generation. 

IV.B.3.iv What are the contributions to 

other dimensions of voltage stability 

(voltage stability and transient stability)? 

The contribution from storage to voltage 

stability also needs to be assessed relative to 

advanced voltage control for HV/MV 

transformers and on load tap changers for 

LV/MV transformers. 

Additional studies will have to be performed to 

measure the impact of renewable integration 

on transient stability, and the impact on 

voltage stability from renewable generation 

into weak parts of the grid, in order to avoid 

disconnections or black-out phenomenon. 

Box 4: On Load Tap Changer and 

Advanced voltage control (Source: PV-

Grid+) 

On Load Tap Changer (MV/LV transformer) 

In MV/LV transformers, tap changers are usually 
not automated and have to be parameterised 
manually based on information about the MV grid 

topology. OLTC on MV/LV transformers can 
significantly contribute to solve voltage control 
issues in LV networks. 

Advanced voltage control (HV/MV 
transformer)  

Through OLTC the output voltage of the 
transformer can be changed according to the 
value of some parameters: these parameters for 

HV/MV transformers are usually the voltage at 
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the MV busbar and the HV/MV transformer load. 
The presence of distributed energy resources 

(DER) connected to MV feeders makes this 
regulation increasingly unreliable. Therefore 
OLTC must be combined with some advanced 

voltage regulation system by measurements 
within the MV and possibly the LV grid to get a 
better knowledge about the actual grid state. 

IV.B.3.v Interconnections 

Interconnections are directly involved in the 

service of load/frequency control, and may be 

involved in the exchange of other services 

such as operating reserves. Interconnection 

lines represent, for importing areas, fixed 

power generation source while, for exporting 

areas, they are constant-power loads to serve. 

Thus, importing areas may be viewed as 

additional sources of reserve (although non 

synchronous) and exporting areas may be 

contracted for partial shedding in emergency 

conditions. In all instances, storage would be 

used to cope with an excess or a deficit of 

reserve. 

Recently, some TSOs have argued that 

reserving transmission capacity can make 

socio-economic sense in order to procure, not 

just cheaper, but in some cases also faster-

ramping balancing reserve capacity, even 

though this may interfere with the ability to 

use cross-border links to transfer power for 

commercial purposes. For instance, Denmark 

and Norway have agreed to reserve 

transmission capacity for system and 

balancing purposes in the Skagerrak 4 

interconnector that will become operational in 

2014/2015. Skagerrak 4 will have a capacity 

of 700 MW, with 100 MW reserved so that 

Norwegian hydropower can more easily be 

used to remedy imbalances due to wind power 

in Western Denmark’s power system. The 

Danish TSO has signed an agreement with the 

Norwegian TSO for the delivery, under 5 

years, of +/-100 MW of secondary reserves. 

In the case of secondary reserve, which 

requires more commitment and involves 

higher costs than tertiary reserve, the 

reservation of transmission capacity is more 

relevant than for tertiary reserve. 

As the volume of intermittent generation such 

as wind power continues to increase, more 

flexibility in the form of modified generating 

schedules for other units or more demand 

flexibility will be required in order to 

continually balance the electricity system. 

Illiquid balancing markets and very volatile 

balancing prices may prove too risky for new 

entrants and intermittent generation. 

IV.B.4.  Storage assessment under 

network perspectives  

IV.B.4.i Transmission networks 

As far as high voltage lines are concerned, 

battery storage units with a capacity of 

discharge of a few hours can support the 

resolution of congestions in high voltage lines, 

provide an alternative to FACTS (Flexible 

Alternative Current Transmission Systems), 

and support more efficient generation 

redispatching25. In long range displacing loads, 

as terrestrial electrical transport, the presence 

of medium range stationary storage systems 

could allow to reduce the number of feeding 

points and smooth load fluctuations on the 

transport lines. Ultimately, this new flow 

based configuration could allow to defer 

investments. 

For frequency management, storage also 

provides an opportunity benefit relative to the 

avoided costs of inefficient single unit 

generation used in ancillary services (activated 

from the tertiary reserve). 

Comparing the cost of investment in storage 

to a HDVC cable (estimate of around € 600 

000 /km) leads to different conclusions, 

depending on specific cases. Storage could 

make sense for highly densely populated 

countries or high labour costs countries, which 

puts a burden on the labour share of HVDC 

costs, such as Japan. 

                                           
25 Redispatch means that the TSO instructs particular 

generators, whose power injection contribute to the 
congestion, to generate less power than planned. At the 
same time other generators who relieve congestion are 
instructed to generate more power, such that the power 
balance remains unaffected. 
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IV.B.4.ii Distribution networks 

Not all ancillary services are relevant to be 

delivered from generation units connected at 

distribution level, given that they would imply 

upfront investments on the transmission grid 

or on the distribution grid. Therefore, 

Decentralised Energy Storage Systems (DESS) 

on the distribution network are bringing the 

possibility to value services related to grid 

investment deferrals. This can be a major 

driver for investment deferral where the 

European Commission estimated the amount 

of investments in the distribution network to € 

400 billion to 2020 (CIRED, 2013).  

For additional distribution network costs 

associated with solar PV connected to 

residential end-users, additional network 

investment can be required only if the 

electricity generated from these technologies 

exceeds local demand and is fed back to the 

system (reverse flow)26. 

According to EASE – EERA Technology 

Roadmap, DESS may help to “maintain the 

voltage profile within admissible 

contractual/regulatory limits. In distribution 

grids, voltage support can rely both on 

reactive power (made possible for DESS by 

power electronics) and active power 

modulations” (EASE/EERA, 2013). The main 

benefit derives from the deferral of distribution 

upgrades that would otherwise be necessary 

to meet the voltage level requirements. 

IV.B.4.iii Islanding / congestion 

management 

In emergency situations, performing 

capacity/voltage support to reduce the 

impacts of the loss of a major distribution grid 

component might require storage withdrawals. 

These actions can also be performed under 

Intentional islanding, where DESS can 

energise a “non-loopable” feeder during an 

outage. 

                                           
26 This can estimated using a simplified relationship 
between end-users’ peak demand, the peak production of 
distribution-connected-renewables, and the correlation 
between the two; a methodology used by the IEA in its 
World Energy Outlook. 

IV.B.5.  What role for voltage control at 

DSO level? 

Ancillary services like voltage control cannot 

be traded over large distances, and some 

other services (such as congestion 

management) are located specifically on the 

distribution network. Not all ancillary services 

are relevant to be delivered from generation 

units connected at distribution level, given 

that they would imply upfront investments on 

the transmission grid or on the distribution 

grid (cf. section B.4), but specific services 

could be provided by battery storage (voltage 

quality control). 

Firstly, storage batteries on the distribution 

grid can provide both Reserve power capacity 

and Active power capacity for Frequency 

Management. 

Secondly, when distribution systems (DSOs) 

are faced with reversed flows feeding from 

decentralised generation to the grid, batteries 

can have a major role in maintaining required 

levels of power quality and stability at 

acceptable limits (less probability of black out 

or interruptions). 

Finally, DSOs have a network access contract 

with one or more TSO(s), and must therefore 

limit the disturbances they cause on upstream 

HV grids to contractual values. If these limits 

are exceeded, advanced storage systems 

could help to comply with these commitments 

by performing active filtering. 

At distribution level, the role of storage should 

be envisaged within the configuration of 

different equipment (Controllable PV-Plants, 

Transformers with On-Load-Tap-Changers, 

Voltage Controllers etc.) and the way that, 

interacting together, then can ensure ancillary 

services system stability and reduced 

congestion. To this extent, a battery storage 

would be included in the category Intelligent 

Electric Device designed by CENELEC 

(European Committee for Electrotechnical 

Standardization). 

Distributed storage facilities should be 

differentiated from distributed load and 
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distributed generation. Distributed load 

encompasses several connection points, while 

distributed storage and generation cover one 

connection point. 

IV.B.6.  What level of standardisation and 

environmental protection is required? 

IV.B.6.i Safety: The types of hazards 

Battery systems are associated with electrical 

and chemical risks. Depending on the 

environmental stress conditions, they can lead 

to less dangerous consequences or hazards up 

to a thermal run-away if they are kept in a 

confined environment without a cooling 

system or external heat evacuation. Thermal 

run-away can occur when the system 

produces more internal heat than the battery 

can dissipate. 

Recharge, the European Association for 

Advanced Rechargeable Batteries, has 

classified the potential hazards under different 

categories. 

The first category is the chemical hazard 

covering the risk associated to electrolyte 

“spillage” (linked to the corrosive and 

flammable properties of the electrolyte), and 

the risk associated to gas emission (linked to 

the flammable properties of volatile organic 

substances). The second category is the 

electrical hazard linked to the electrical energy 

content, most often associated to the state of 

charge. The third category is related to High 

voltage (over 60 V-DC) hazard, while the 

fourth is more external to the battery, due to 

loss of a function of the battery and can have 

different consequences or hazards depending 

on the application that the battery is 

controlling. 

When observing thermal run-away, large 

variations can be observed depending on the 

cell design and other parameters such as 

composition of the electrodes, type of casing, 

plastics contents and the testing conditions. 

IV.B.6.ii Moving from Battery to System 

Safety: International standards 

Electrochemical batteries are typically sold 

directly to Original Equipment Manufacturers 

(OEMs) as components to be integrated into 

end-use products (power tools, medical 

devices, transport, energy applications). 

Because the OEM’s product actually controls 

these functions, product safety issues 

involving cell charging rates, discharging rates 

and reverse charging may not be adequately 

addressed by battery testing alone. In such 

cases, international standards organizations 

are working to improve OEM product 

compatibility (for example integrated lithium-

ion batteries) by including appropriate 

performance testing in applicable standards. 

International standards organizations have 

generated the following safety standards for 

Lithium-ion batteries (and International 

Organisation for Standardisation (ISO): 

 International Electrotechnical 

Commission standard IEC 62133-2 

concerning safety requirement for 

portable battery cells (EASE/EERA, 

2013); 

 IEC 62660 standard concerning 

batteries for EV/HEV applications; 

 IEC 61427 standard concerning 

secondary cells and batteries for 

renewable energy storage; 

 ISO 12405 standard concerning test 

specifications for Lithium-ion traction 

battery packs and systems in Electric 

Vehicles. 

Almost all of the IEC standards have been 

transposed into EN standards by 

CEN/CENELEC, the European standardisation 

body. 

IV.B.6.iii The case for EV 

From Internal Combustion Engine (ICE) to 

Electric Vehicles (EVs) 

Gasoline has a theoretical specific energy of 

13,000 Wh/kg, which is over 100 times higher 

than the specific energy of typical Li-ion 

batteries, at 120 Wh/kg. It would be too big 

and heavy to have a battery pack with the 
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same amount of energy as a full tank of 

gasoline (e.g. 60 liters). However, since the 

electric propulsion is much more efficient than 

an ICE, less energy is needed to propel an EV. 

Considering the efficiency of 80% for EV 

propulsion and 20% for ICE, the total amount 

of energy stored for an ICE will be four times 

(100*80% vs 1000*20%) what an EV vehicle 

needs for the same mileage. Based on the 

current battery technology, it is not practical 

to consider a pure Battery Electric Vehicle 

(BEV) with a mile range of 300–400 miles 

since it would require a battery pack larger 

than 100 kWh which can weigh over 900 kg. 

Nevertheless, it is realistic to have a battery 

pack around 30 kWh to achieve 100 mile 

range even based on current battery 

technologies. 

Existing and future battery solutions 

Lead based batteries are proven low cost 

applications for the Automotive industry 

(Start-Stop micro application, up to mild 

HEV27) and for HEV/EVs (energy storage 

motive and standby applications). Given their 

high energy density, lithium based 

technologies are more suited for propulsion of 

HEV, plug-in HEV, and full EV. Lithium-Sulphur 

and Lithium-Oxygen technologies, with 

significant increase in energy density, are 

currently being researched in Europe for future 

EV applications. 

Role of the automobile industry 

One important specific element of the 

automobile applications of batteries is that 

Battery Management System (BMS) are more 

important in EV than in commercial electronics 

applications, both in terms of safety aspects, 

interface with the system, and cost 

contribution to total system costs (BMS 

account for –15-20% of total cost) 

(RECHARGE, 2013, p. 29). However, it will 

take time to develop such technology as it is 

not standardized yet and requires know-how 

of the vehicle, driving patterns, high-level 

software and battery technology. BMS 

                                           
27 Hybrid Electric Vehicles 

manufacturing requires less capex but a long 

experience in car business, which means that 

the response from the automobile industry 

(car manufacturers together with OEM and 

battery manufacturers) will be a key 

determining factor to the future of the battery 

market. Standardisation of BMS is a barrier 

that the industry will have to overcome. 

IV.B.6.iv Who bears responsibility for 

environmental hazards? 

The question is more how long-term warranty 

responsibility and environmental costs are 

shared between EV OEMs and battery 

manufacturers. 

In conclusion, the definition of the role of 

batteries in the electricity system is strongly 

related to the system’s functional properties 

and the different mechanisms that have been 

described above (balancing, reserve 

management, ancillary services). However, it 

is also very much influenced by the 

requirements of grid codes28 for the different 

voltage levels (HV, MV, LV) which may 

strongly influence the operation of the grid, 

and could potentially allow for storage to find 

an appropriate position. 

For example, an interesting requirement is 

DSOs access to decentralised generation 

capacities through advanced PV inverter 

capability. If the grid code allows such 

operations, battery storage might not be 

considered as a valuable solution on the 

electricity network. The value for network 

operators strongly depends on the options that 

the operators will have, which themselves 

depend on regulatory incentives and periods. 

Consequently, a battery could be envisaged as 

a moving part of a system. 

The proximity of interconnections and the 

recycling possibilities offered at domestic 

                                           
28 The network codes encompass a set of prescriptive 

measures (frameworks or boundaries) or general 

principles. 
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levels are also important criteria that can 

affect the value of storage on the system. 

IV.B.6.v Conclusions 

Battery storage could be defined as a technical 

solution featuring different sub-sets of system 

and market interactions, where 

standardisation will play a major role in final 

market outcomes. 

 One benefit of battery storage could be to 

improve liquidity in the balancing markets, 

while reducing volatility of balancing, 

therefore improving system adequacy. 

 Batteries can play a role through the 

provision of short term ancillary services 

(from seconds, to minutes or hours). In 

the provision of frequency reserve, 

batteries can act as an inertial reserve 

provider. For primary and secondary 

control, a wide range of solutions can be 

contemplated from Lithium-ion to NaS 

batteries, which can have up to 7 hours 

long duration. 

 At distribution level, the role of storage 

should be envisaged within the 

configuration of different equipment 

(Controllable PV-Plants, Transformers with 

On-Load-Tap-Changers, Voltage 

Controllers etc.) and the way that, 

interacting together, then can ensure 

ancillary services system stability and 

reduced congestions. 

 The response from the automobile industry 

(car manufacturers together with OEMs 

and battery manufacturers in structuring 

proprietary or standardised battery 

management systems) will be a key 

determining factor in the future of the 

battery market expansion. 

 The proximity of interconnections and the 

recycling possibilities offered at domestic 

levels are also important criteria that can 

affect the value of storage on the system. 

  Storage directly supports the stability of a 

system and system security. However, 

given the different degree of centralisation 

and robustness of power systems, 

European countries may have different 

considerations towards the need for 

electricity battery storage to support their 

grid. 

IV.C. Existing and emerging 

business cases 

This redistribution of asset ownership within 

the energy sector, as well as the increasing 

role of renewables in meeting the electricity 

demand (while affecting traditional utilities in 

most European countries) may open different 

windows of opportunities for electrochemical 

storage deployment. 

These opportunities however vary, depending 

on the underlying energy mix (presence of 

hydro resources or other forms of storage, 

renewable based energy penetration), the 

degree of decentralisation of energy networks 

and systems, grid ownership, and the level of 

competition in the electricity market. 

IV.C.1. What key storage parameters 

determine the economics of system 

services?  

The economics of electricity storage is 

influenced primarily by three main factors: the 

requirements of each application, the type of 

storage technology, and the system in which 

the storage facility is located. The 

requirements of each application, i.e., 

arbitrage, capacity back-up, ancillary services 

, normal services, emergency, blackstart, 

determines power capacity together with the 

frequency of cycles (number of cycles and 

storage duration), and, therefore, the 

amortisation of fixed initial capital outlay. 

The type of electro-chemical storage 

technology depends from Li-ion, NaS, Redox 

flow, and influences the amount of initial 

investment. 
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Figure 33: Estimates of total capital cost by technology and power capacity (SBC Energy Institute 

Analysis, based on EPRI “Electricity Energy Storage Technology Options, 2010)  

The system in which the storage facility is 

located (connection to the substation; distance 

from TSO/DSO interface) drives grid 

connection charges, electricity prices and 

additional investment requirements, which can 

have a negative or positive effect on the 

economics of the battery. The balance will be 

positive if these elements are being considered 

as net charges or net savings (grid charges 

savings, customer bill saving, wholesale power 

price positive arbitrage). Finally, land 

resources and recycling costs should be 

factored into the economic analysis to get a 

complete view of the benefits of storage. 

A system with an adequate planning reserve 

margin would have essentially zero capacity 

value for a new storage resource, and would 

only generate the operational value associated 

with load-levelling. 

Capacity value is especially important in 

electric power systems. 

“Overall, the value of energy storage is largely 

dependent on it obtaining a capacity value, 

even if the device is providing higher-value 

reserve services.” (National Renewable Energy 

Laboratory, 2013)  

As a consequence, the capacity value for 

storage based on the distribution grid may be 

higher, as it would be more difficult to match 

the storage capacity with an equivalent 

reserve provider. Low fuel prices and low CO2 

emission prices will also reduce the value of 

storage in the system. 

From an economic perspective, sufficient 

power capacity remuneration needs to be 

ensured through an effective and well-

designed application, to ensure overall 

profitability of the investment. 

To provide a regulation or real-time dispatch 

service, NaS battery can run either in bi-

directional or one-directional mode. In the bi-

directional mode, the battery responds to both 

“up” and “down” signals. In the one-directional 

mode, the battery responds to the “up” signal 

when it is discharging and the “down” signal 

when charging. 
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IV.C.2.  Storage and the economics of 

system services 

IV.C.2.i The role of batteries 

Li-ion batteries can store three times more 

energy per unit weight and volume than 

conventional systems (such as lead-acid, 

nickel/cadmium). While Lithium Ion batteries 

are more suited for higher power applications 

in power quality and frequency regulation, 

lead-acid batteries remain viable for high 

capacity applications. Lead-acid batteries 

cannot be charged at the same rate as 

lithium-ion batteries, but their discharging 

behaviour is equivalent. Other selected 

electricity storage solutions such as flow 

batteries outperform conventional generation 

flexibility throughout their response time. 

In future policy developments, battery storage 

should be included as a credible service 

provider of frequency regulation and voltage 

support. Batteries however are not ideally 

suited for black start services due to the 

reduced number of cycles (1 cycle / year 

according to the IEA Technology Roadmap: 

Energy Storage, 2014). 

IV.C.2.ii Frequency regulation 

The price for frequency regulation is 

dependent on a number of factors and 

components such as capacity components, 

power components, loss of opportunity 

components of the least cost generation 

capacity called upon, and is different across 

European countries. From a market 

perspective, competitiveness relative to 

demand response is also an important factor. 

For a power system modelling perspective, 

storage response rate is an important criteria 

together with the delivery of inertia. The 

benefits of storage for frequency regulation 

will also be very different depending on each 

country’s electricity mix. There will potentially 

be large differences between demonstration 

projects and wide system use in terms of 

costs. 

IV.C.2.iii Reactive power (voltage 

support) 

Similar to frequency regulation, the price for 

reactive power is dependent on a number of 

factors and components such as capacity 

component, power component, loss of 

opportunity component of the least cost 

generation capacity called upon, and is 

depending from local circumstances 

(distribution specificities). From a market 

perspective, competitiveness relative to 

demand response must also be considered. 

The benefits of battery storage for reactive 

power will also be very different depending on 

each country electricity mix, degree of 

decentralisation, the level of renewable 

integration. There will potentially be large 

differences between demonstration projects 

and wide system use in terms of costs. 

IV.C.3. Cost - Benefit Analysis 

A traditional cost-benefit analysis is 

challenging to perform for battery storage as 

the value of storage comes from the 

aggregation of different applications. From a 

market development perspective all these 

applications need to be considered in order to 

understand the true benefit and costs of 

battery storage. 

A selected of summary conclusions from a 

number of PV and Battery Storage Analysis, 

from the US market are presented in Table 2 

(see II.A.1 p.3). 

For stationary storage on HV transmission 

lines, storage is very much dependant on the 

energy mix, and the ability of base load from 

low cost marginal generation to be charged 

onto batteries. In France, during off peak 

hours, high voltage transmission lines are 

saturated with nuclear base load. Therefore, 

nuclear base load is not available for storage, 

and the number of hours available for 

discharging is very low (Enea/G2ELaB/Artelys, 

Octobre 2013, p. 113). In this way, the HV 

network restricts storage of low cost 

electricity. 
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IV.C.4. Safety issues and environmental 

concerns  

The Batteries Directive aims to ensure that as 

many waste batteries and accumulators 

(portable, industrial and automotive) as 

possible are collected. To achieve this it sets 

out the following requirements. With regard to 

portable batteries:  

 Consumers should be able to return waste 

batteries to accessible collection points in 

their neighbourhood, free of charge and 

without any obligation to buy a new 

battery. (Articles 8(1)(a) and 8(1)(c));  

 Distributors should take back waste 

batteries when supplying new ones (unless 

the existing alternative schemes are 

proven to be environmentally effective) 

(Article 8(1)(b));  

 EU Member States are obliged to set up 

battery collection schemes but they may 

use existing schemes and/or have those 

schemes run by the battery producers 

and/or by other economic operators. 

Economic operators other than producers 

may be required to participate in the 

schemes but not to set them up. Only 

producers can set up schemes unless the 

Member State decides to keep ‘existing 

schemes’ (Article 8(2)).  

IV.C.5. Limitations linked to raw 

materials 

Due to the electrodes and the other items of a 

battery, this type of energy storage requires 

several raw materials to be produced and 

thus, creates a clear and direct link between 

raw materials and the battery. 

Figure 34 (Zepf, 2014) illustrates the main 

raw materials and their respective risk of 

supply interruption involved in the energy 

industry, with batteries included as one of the 

branches of this industry The letters “H”, “M” 

and “L” respectively stand for “high”, 

“medium” and “low”, referring to this risk (the 

criteria used to assess this risk are shown in 

Appendix I)29. As detailed on this figure, 

                                           
29 The grade corresponds to the highest risk between the 

6 grades given to each of the 6 indicators assessed in the 

cadmium, cobalt, lithium, nickel, Rare Earths 

Elements (REE) and vanadium have a high risk 

of supply interruption, for distinct and various 

reasons. As an illustration, cobalt exhibits 

risks of supply interruption due to the fact that 

this metal is almost exclusively produced as a 

by-product of another one (be that nickel or 

copper) and because the reserves are 

unevenly distributed, with “nearly half of 

known reserves in one war-torn country” 

(Zepf, 2014, p. 28), the DRC. Likewise, lithium 

shows high risks of supply interruption due to 

trade considerations30. 

In the same vein a recent academic review of 

lithium demand and supply (Jeswiet, 2014) 

predicts that a lithium shortage may happen 

between 2021 and 2023, drawing the 

conclusion of the need of finding viable 

techniques of lithium recycling to avoid the 

shortage and enable the electrification of car 

fleet. 

However, a different perspective can be seen 

from the EU list of critical raw materials 

(European Commission, DG ENTR, Ad hoc 

working group on defining critical raw 

materials, 2014) (shown on Figure 35) where 

cobalt and REE do appear on the list, whereas 

lithium, cadmium, nickel and vanadium do 

not. The US Department of Energy did a 

similar exercise in 2011 focusing on raw 

materials for clean energy, and drew the 

conclusion that among cadmium, cobalt, 

                                                                      
report (Reserves, Trade, Ecological impact, Processing, 
Substitutability, Recyclability) 
30“Production, initially from mining spodumene and other 
lithium-rich minerals in pegmatites, rapidly moved to 
extraction from evaporite deposits when they were 
discovered to be lithium-rich. More than 50% of present 
production is by solar evaporation of brines in the salars – 
evaporite basins in the high Andes of Chile and Argentina 
– where production costs are lower than conventional 
mining methods, despite the complexity of separating 
lithium from the other components of the brines. 
Production rates are a constraint. With an estimated 100 
million light vehicles being produced annually by 2020, 
assuming 3% to be full electric cars, 2% plug-in hybrids 
and 15% full hybrids, the corresponding lithium demand 
would be 60,000 tonnes per year, three times the present 
production. A potential complication is that large reserves 
lie in Bolivia, a country that has recently nationalized 
strategic natural resources assets and industries. Another 
constraint is the high percentage of production in the 
hands of a very small group of companies, raising the 
possibility of cartels.” (Zepf, 2014, p. 39) 



Policy report 

November 2014 1 
 

54 

 

lithium, nickel, vanadium and REEs, only the 

REEs would be critical and the lithium near-

critical, at a medium-term (2015-2025) (US 

Department of Energy, 2011). Figure 36 

underpins this consideration. 

 
Figure 34: Risks of supply interruption linked to the use of raw materials in the energy industry 

(Zepf, 2014)  
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Figure 35: List of Critical Raw Materials, according to the EU 

 
Figure 36: Medium-Term (2015–2025) Criticality Matrix 

In summary, an accurate prediction of the 

future risk of raw materials-related disruption 

to the battery technology cannot be made, but 

it would be valuable to further investigate the 

recycling solutions. Furthermore, the EU is 

well positioned to lead the research, 

development and industry deployment of 

lithium (and other raw materials) recycling 

with a number of key industrial players such 

as Umicore or to a lesser extent Recupyl, 

Akkuser and Accurec. located in Europe 

(Charreyron & Brunot, 2014) (Appendix II). 

IV.D. Conclusion 

In conclusion, the lack of a clear definition of 

the role of storage has, until now created 

barriers to storage development. Clarification 

of the role of storage in generation adequacy 

and system security (Directive 96/92/EC and 

Directive 2009/72) is a pre-requisite in order 

for storage to become an effective support 

tool to a pan-European renewable integration. 

Existing European legislative frameworks, 

including recycling legislation, are not 

conducive to any scaling up of a battery 

manufacturing industry. Neither is it conducive 

to their use in the electricity sector and re-use 

at the end of their life-time. The anticipated 

take off of the EV automotive industry did not 

materialise partly because of the lack of a 

clear framework for recycling the batteries. 

The definition of the role of batteries in the 

electricity system is strongly related to the 

system’s functional capabilities. As a 

consequence, cost benefit analyses are very 

difficult to assess on a European market wide 

level. They need to take into account the cost 

of recycling constraints, and the risk of 

exposure to supply shortages, which can still 

vary between supplies and Member States. 

The value of storage for network operators 

depends strongly on the options that the 

operators will have, which also depends on 

regulatory incentives and regulatory periods. 
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Overall, a battery could be envisaged as a 

moving part of a system, with different value 

options depending on the legislative 

parameters. This is why legislation needs to be 

clarified to provide a fully harmonised pan-

European development. 

One interesting aspect is that the evolution of 

the legislative landscape described above 

(Electricity Directive), together with the 

increasing role of variable renewables in 

meeting the electricity demand, opens 

different windows of opportunity for 

electrochemical storage solutions deployment. 

V. SOLUTIONS, RECOMMENDATIONS 

AND BUSINESS MODELS ON A 5 AND 

10 YEAR TIMEFRAME  

Through its general recognition as a strategic 

smart grid component, and provided that a 

clear definition is acknowledged, storage will 

participate in future market designs. 

V.A. Reduction of market 

barriers 

V.A.1. Ancillary services 

There is a lack of cohesion between the 

functioning of ancillary services markets31 on 

one hand, and the system/network constraints 

on the other. The increasing share of variable 

renewable generation is leading to excessive 

curtailment of renewable generation in some 

Member States (Ireland and Spain32). 

In other countries such as the Nordic 

countries, large generators have gained 

excessive influence on the ancillary market 

(Eurelectric, 2000) creating very volatile prices 

at certain points in time. 

It is considered that variable renewable 

generators, like wind and solar, demand 

                                           
31 Several forms of procurement and remuneration 

coexist through mandatory provision, bilateral contract, 
tendering, or spot markets. 
32 RE services Project: Economic Grid Support from 
variable renewable, Final Results, September 2014. 

response and storage, will also provide 

ancillary services. This is needed from the 

power system point of view in times of high 

wind and solar production when conventional 

generators are at a low level. From the 

renewable generators point of view, providing 

ancillary services may add to their incomes in 

the future, while ancillary services can also 

provide a base case for battery storage to 

compete in the ancillary services market. The 

increasing share of variable renewable 

generation creates an increased need for 

ancillary services that could be provided by 

batteries. Batteries could thus serve as an 

important enabling technology for RES. 

V.A.2. Balancing 

Traditionally, only the ‘balance responsible’ 

entities are allowed to bid into the balancing 

markets, with specific minimum bidding units 

(often 1MWh/h) and often symmetric bids. All 

these requirements create barriers for small, 

decentralized market players and storage 

operators to act in the balancing market. 

“Market rules, thus, should be modified such 

that they relax minimum bidding requirements 

(Pozo, 2011) and rules requiring symmetric 

up- and downward bids in order not to impede 

market access for small, decentralized market 

players”. This recommendation from the Think 

Project would allow battery storage and other 

flexibility means to value services they 

technically can provide, and also would have a 

positive impact on market liquidity (THINK 

Project, 2012). 

The negative effects of heterogeneity in 

national balancing mechanisms on competition 

and the completion of the internal market 

should be recognized in the Framework 

Guideline on Electricity Balancing, due to be 

scoped by ACER this year. The proposals made 

in the first draft published in April 2012 calling 

for an integrated balancing market approach 

and the facilitation of the participation of 

alternative flexibility sources in balancing 

markets, would already remove certain 

barriers to the adoption of electricity storage. 
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However, this proposal remains silent on 

concrete balancing market design issues. 

V.A.3. Capacity mechanism 

A capacity mechanism is currently being 

extensively debated in several European 

countries. However, the necessity of such a 

mechanism to address the risk of long-term 

under-investment in (peak) generation 

capacity remains to be proven. Instead, 

solving the problem of a lack of investment 

incentives requires improving existing market 

signals, namely the quality of price signals 

transmitted in energy and balancing markets 

and for the provision of ancillary services. 

V.A.4. Recommendations 

By 2020: 

 Use battery storage as a reserve 

provider in order to improve liquidity 

in the balancing markets, and provide 

short term ancillary services, where:  

 

 Market rules may be modified such that 

they facilitate market access for small, 

decentralized market players. For instance, 

an adaptation of some rules (minimum 

bidding requirements and rules requiring 

symmetric up and downward bids) may be 

required. 

 An alternative or complementary strategy 

should investigate and stimulate the 

establishment of Curtailment Service 

Providers (CSP), defined according to PJM 

as: "the entity responsible for demand 

response activity for electricity consumers 

in the PJM wholesale markets.”  

 Elaborate guidelines or recommendations 

for capacity market development that 

supports the remuneration of battery 

storage technologies and evaluate whether 

batteries could be granted priority dispatch 

in capacity markets. 

 

V.B. Reorientation of legislative 

and regulatory barriers 

V.B.1. Ownership Unbundling - Ring-

fencing of market interferences 

When owning and operating a battery, TSOs 

and DSOs could be exposed to multiple market 

interferences, such as: 

 Differences between charging and 

discharging prices; 
 Accounting of the stored value of CO2; 

 

In such a way a “ring-fencing” of market 

interferences solution should be put in place 

through an alternative Independent Storage 

Operator, in conformation with Directive 

72/2009 (see IV.B.5.1). 

V.B.2. DSO Regulation does not 

incentivise smart grid investments 

Generally speaking, systems of incentive 

regulations implemented at national level do 

not adequately promote smart grid solutions. 

They mainly focus on promoting efficient 

investments, with the underlying assumption 

that this reduction in investment and/or 

operational expenditure will ultimately imply a 

reduction of prices for the customers and/or 

an improvement in the quality of electricity 

supply. Depending on the regulation (rate of 

return33 or revenue/price cap or hybrid 

systems) situations often occur where DSOs’ 

revenues are decoupled from their real 

investments. In particular, DSO regulation 

does not clearly allow the remuneration on 

decentralised generation, storage and smart 

grid in general (Eurelectric, 2000). 
This paradox leads DSOs to generally limit 

their investments and they tend to prioritize 

mature technologies. As some innovative 

smart grid solutions typically rely on electronic 

components that have shorter useful lifetimes 

and/or are not fully proven, these solutions 

can, in some instances, be discarded by DSOs. 

Among the different smart grid solutions, 

battery storage is the only solution that offers 

a firm reduction in peak load for a wide 

                                           
33 Rate of return on RAB 
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system or a specific area. As such, storage is 

the most effective tool to reduce peak 

investments. This may result in lower unit 

operating costs for DSO’s and therefore lower 

distribution network charges. 

From this perspective, Italy’s eight pilot 

projects, selected by the regulator and having 

been granted approval for 2% extra WACC for 

12 years34, are considered as a flagship 

model, in the sense that it incentivises DSO’s 

to invest in battery storage. 

V.B.3. Diverse regulation that does not 

give a clear signal to the end-user 

In some countries, the cost of network losses, 

system constraints, ancillary services and 

taxes are included in the capacity element of 

the transmission tariff. In other countries 

these costs are included in either the energy 

element of the use of system tariff or in 

congestion management charges. Some 

countries also include a charge for stranded 

costs whilst others include charges relating to 

the promotion of renewable energy or 

Combined Heat and Power. This diverse 

regulation does not give a clear signal to the 

end-user. 

While, according to the Directive 2009/72, 

NRAs are ”responsible for fixing or approving 

at least the methodologies used to calculate or 

establish the terms and conditions […] for the 

provision of network tariff services” (Art. 37), 

additional measures should be taken to 

facilitate a convergence of the methodologies 

used for network charges, that will ultimately 

lead to clearer signals. 

V.B.4. Build on existing legislation and 

business cases 

From a purely theoretical model, dispatch 

curves are generally ”convex” curves, while 

the real operation of the power system entails 

technical constraints such as operational 

ramp-up and ramp-down constraints, which 

                                           
34 Italian Regulatory Authority: A total of 10.6% return on 
cost of capital for electricity distribution investments in 
smart grids and batteries. 

could be ameliorated to a certain extent with 

the use of batteries. 

A business case for aggregators is potentially 

opening, as long as there is an incentive 

provided to aggregators for investing, and to 

clarification regarding a number of rules (grid 

codes, tariffs etc.). 

V.B.5. Recommendations 

V.B.5.i Recommendations to the European 

Commission:  

By 2020: 

 A definition of the main 

responsibilities of storage operators 

should be provided: 

 Clarify Article 12 of Directive 72/2009 

relative to the role of storage in generation 

adequacy and system security: Is storage 

acting as system support within TSO's or 

outside TSO's responsibilities?  

 Specify, under the European Target Model 

for congestion management in the 

electricity market, the possible interactions 

of reserve balancing with storage. Specify 

also how storage can be used as a reserve 

provider for balancing market, based on its 

technical characteristics (capacity, ramp 

rates, number of cycles, etc.). 

Expected outcome: This would clarify the 

rights of discharge of the Storage Operator, 

and the boundaries with the TSOs right of 

dispatch and responsibility for system 

security. 

 The understanding of barriers to 

battery recycling in different Member 

States linked to recycling (collection 

system) can be improved. 

 

 An Independent Storage Operator 

could be created 

Based on the clarification of TSOs' roles under 

the Electricity Directive, and assuming that 

storage does not constitute one of TSO's main 

responsibilities, an Independent Storage 

Operator could be created, to which a TSO or 

a DSO could give precise (and in some cases 

coordinated) charge/discharge instructions 

that would provide them with firm ancillary 
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capacities, in line with Article 12 and 9 of 

Directive 72/2009.  

The Storage Operator could be regulated 

under NRAs, and be allowed to generate fixed 

revenues from the generation "capacity 

market" while conforming to Article 9 of 

Electricity Directive. It could be an attractive 

investment vehicle to project developers 

based on fixed revenue streams. It could be 

considered as a first pillar of smart grid plate-

forms in creating a semi-regulated actor with 

controlled access to the generation market, 

under the supervision of National Regulatory 

Authority, and, in close coordination with TSOs 

and possibly DSOs.  

Expected outcomes:  

 System's investment deferrals and unit 

cost optimization for TSOs and DSOs.  

 In parallel, the Storage Operator could 

provide balancing services to the grid 

acting as a balancing service provider 

(BSP); and may possibly receive 

instruction from generators/aggregators 

(to serve ancillary services or act directly 

in the capacity market) only when system 

security is at stake and under the 

coordination of TSOs. 

 

 Alternatively, TSOs could be allowed 

to own battery packs’ assets 

Alternatively, TSO's could own battery packs' 

assets, which could provide firmness to the 

system according to TSOs responsibilities 

under Article 12 of Directive 2009/72. 

However, they would not be allowed to 

generate revenues from the generation 

market (Article 9). They would need to receive 

additional remuneration (WACC + extra 

remuneration) on their investments in battery 

storage assets. 

By 2030: 

 Clarify if grid batteries can be part of 

the Eco-Design (Directive 278/2009) 

as an element of the power system. 

 

 Ensure that the implementation of the 

WEEE and ELV Directives is made 

through high collection rates, while 

minimising the costs to manufacturers 

V.B.5.ii Recommendation to 

ACER/ENTSO-E: 

By 2020: 

 In conjunction with Ease and based on 

the economical-technical feasibility of 

batteries, the grid code requirements 

could be updated, in particular: 

 Balancing code: Allow Balancing Service 

Provider (BSP) to act as a fast response 

solution. 

 Load-Frequency Control and Reserves 

(LFCR): Define the appropriate limit for 

batteries to act as reserve provider. 

 Requirements for Generators (RfG): 

Definition of "Fast Response Reserves 

Providers" according to economical and 

technical feasibilities of batteries. 

 Demand Connection Code (DCC): clarify 

the role of battery storage within a 

demand facility; clarify consumption mode 

(does the fact that the battery is charging 

from the grid excludes options for 

discharging electricity to the grid?). 

V.B.5.iii Recommendations to National 

Regulatory Authorities: 

By 2020: 

 National Regulatory Authorities should 

set up DSO regulation to incentivise 

storage (based on the clarification of 

Electricity Directive) 

V.C. Education of consumers, 

communities and stakeholders 

V.C.1. Barriers: Connect to e-mobility 

With the second phase of the Emissions 

legislation (95g/km)35, taking effect in 2020, 

European automotive manufacturers are 

preparing to sell a larger range of EV models 

(BEV, PHEV, FCEV36), focusing on premium 

models, that, when including incentives 

(discounts to purchase price, or tax 

reductions), will achieve cost parity with 

conventional gasoline cars (Internal 

Combustion Engine, ICE). 

                                           
35 COM/2007/0856 final 
36 BEV: Battery Electrical Vehicle / PHEV: Plug in Hybrid 
Electrical Vehicle / FCEV: Fuel Cell Electrical Vehicle. 
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Future compliance with European CO2 

regulation, together with cost structures, gives 

an estimate of the size of the EV fleet required 

in 2020-2025. Most manufacturers estimate 

that EVs will contribute between 5-15% of 

global car sales in 2020. UBS recently 

estimated that EVs and plug-in hybrids would 

contribute to 10% of European car 

registrations by 2025 (UBS, 20 August 2014). 

However, for this to happen, it is estimated 

that battery costs would have to go down to 

240$/kWh by 2030, with energy density 

(kWh/kg) being multiplied by a factor of three. 

Beyond that, estimates point to a cost of 

140€/kWh in 2050 for the cheapest battery 

variety. 

The equivalent cost of grid storage would be 

higher, given that the connection cost to the 

grid would need to be taken into account. 

 
Figure 37: EV Parity with Conventional Cars 

However, the integration of batteries in an e-

mobility scheme requires the development of 

a charging infrastructures network, and opens 

the questions of the re-use of the battery, and 

of the reaction of customers to such 

technological developments (customer 

assessment of preference for re-use over new 

battery). 

The integration of batteries in e-mobility 

schemes also depends on the range required 

or the application considered. BEVs, for 

example, are best suited for the smaller urban 

car segment where trip distances are short. In 

contrast, FCEVs represent the best solution in 

the medium/large car segment where longer 

distances are covered. Full EVs can be a 

realistic option in urban area according to the 

European Association of Automotive Suppliers. 

Different charging modes co-exist with 

different impacts on the load profile and on 

the grid. Charging can occur at many 

locations, but mainly at home, at a parking 

place or at work. The European Commission 

has a target of 800 000 recharging points in 

public spaces by 2020. The total market 

should also include recharging points in 

residential homes.  

Different economic models could be developed 

to ensure that a shared infrastructure 

develops: 

 a system, where different electricity 

suppliers and offers would be directly 

proposed at the charging point, 

 a system, where the service provider 

contracts directly with a utility (electricity 

supplier) and passes through the electricity 

cost into the service, 

 a “mobility operator”, including billing on a 

km basis that would include access to 

charging infrastructures and other services 

(battery renting and quick drop). 

Within this business model, the final consumer 

(driver) could also engage in demand 

response (ancillary services)37. 

V.C.2. Barriers: Regional and local issues 

Electricity storage opens new potential value 

chains for electricity that may have an 

influence on the balance between demand and 

supply in the grid. The impact on reserve 

requirements will depend on the quantity of 

electricity injected into the storage. This 

influence may vary according to different 

spatial scales: Local/Regional/National. 

                                           
37 “[D]riving model which incorporated the stochastic 

driving habits of EV owners was used to investigate the 
potential for EVs to provide power system reserve. If 10% 
of vehicles are EVs, they could provide up to 40% of 
reserve depending on the day and the week, but also as 
low as 2% at certain times on the weekend. This potential 
is higher at a 30% EV penetration, although there may 
well be a limit to how much system operators rely on non-
spinning reserve, and there will likely be additional LV/MV 
network constraints at this level of charging.” (Keane & 
Flynn, 2011) 
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From a market deployment perspective, 

incentives for financing infrastructures should 

be promoted at a regional/local level for 

battery deployment. 

V.C.3. Recommendations 

Home storage offers a significant market that 

looks to become economically viable without 

support, in selected markets. The 

development of home storage should be 

encouraged by the European legislator. 

By 2020: 

 A regulation could be adopted to 

stimulate self-consumption and 

reduction in power consumption, 

especially for peak-load 

considerations. 

 

 A specific support scheme dedicated 

to batteries could be considered, 

possibly coupled with conditions on 

the existing or future support schemes 

for variable renewable electricity 

production. 

 

 A framework for Consumer Storage 

based on the German experience could 

be adopted including specific incentives 

for Hybrid systems (CHP + Storage). 

Recommendations should also be 

formulated to lift barriers in Spain and 

Czech Republic where prosumer storage is 

explicitly forbidden. 

V.D. Ensuring leadership in 

electric drive manufacturing 

The change from conventional drivetrains to 

electric drivetrains may completely change the 

landscape for sub suppliers. The electric 

drivetrain includes motors, power convertors, 

battery, battery management system, but also 

support systems, such as chargers, will be 

needed in large quantities. 

Currently only large manufacturers, such as 

BMW and VW can afford to develop their own 

electric drivetrain components. Smaller 

suppliers, such as Volvo, are buying their 

electrical drivetrain components from outside 

suppliers. To date, car manufacturers are 

using in-house or European suppliers but there 

is one major exception. Today, all European 

suppliers are using batteries from suppliers in 

Korea or Japan. There is no battery 

manufacturer for the electrical industry in 

Europe and no company has announced that 

they are planning to invest in battery factories 

for electrical vehicles yet. This fact is naturally 

worrying for many reasons: 

 The battery represents the largest value 

added of all parts in the electrical 

drivetrain. 

 Battery performance is instrumental for 

the performance of the electrical vehicle 

and since Europe has no domestic 

production it may never be better than 

competitors in this area. 

 There is a significant synergy between 

batteries for electrical vehicles and 

batteries for grid storage. Furthermore, 

Europe runs the risk to be, at best, as 

good as our competitors, but most likely to 

be lagging behind. 

 Lack of production also limits R&D in the 

battery area so that the EU may potentially 

fall behind in other links of the battery 

value chain, such as recycling. 

In contrast to the EU, the US has made major 

investments in battery production, both with 

Government money and from private 

investors. Tesla is today building the world’s 

largest battery factory in the US and the 

intention is to serve both the electrical vehicle 

market and grid storage market. The goal is to 

reduce costs for batteries by 30% and this 

should be seen in the context that Tesla 

already today has battery costs that are at 

least 30% lower than competitors. This is 

primarily due to very large contracts with very 

large volumes from their sub supplier 

Panasonic. The new factory represents an 

investment of 6 000 MUS$ and is undertaken 

in cooperation with Panasonic. With this 

factory the US will have an advantage in cost, 

value chain and R&D in the battery area 

compared to Europe. 
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V.E. Standardization 

of regulatory policies 

Standards cover strategically important issues 

related to technical features, testing and 

system integration. 

V.E.1. Technical standards 

Two main technical standards have been 

developed, a ‘European’ standard called CCS 

(Combined Charging System) and a ‘Japanese’ 

standard called CHAdeMO (Charge de Move). 

Tesla has also developed its own standard. 

There is an on-going discussion about how 

these standards will develop in the future, but 

we can expect that both the CCS and 

CHAdeMO standards will continue to be used 

for a long time. 

For battery systems used in grid applications, 

charging standards are not a real issue. Very 

recently, a suggested standard for grid 

storage has been released by ESA (Energy 

Storage Association) and Sunspec Alliance in 

the US. The intention is to bring down the cost 

for home energy storage, particularly in 

combination with PV panels. The current cost 

for a home battery storage in the US is three 

times higher than a corresponding storage in 

an electrical vehicle, which is due to much 

smaller volumes and a lack of standards. 

V.E.2. Regulatory standards 

The STORE-E project has recently issued a 

report with the title “Facilitating energy 

storage to allow high penetration of 

intermittent renewable energy”, which 

contains a review of regulatory standards. 

V.F. Acceleration of technology 

breakthroughs  

Battery technology is still in an early phase of 

development and this suggests that there is 

major potential for development. 

In the near-term, it has been announced by 

major suppliers of batteries to the electrical 

vehicle sector that energy density will increase 

by 30% and costs will be reduced by at least 

40% by 2018 (see Figure 20 on costs). 

Fraunhofer has made a very comprehensive 

report on a possible roadmap for the 

development of Lithium batteries. They show 

that the potential for performance increase is 

very significant. Figure 38 illustrates how 

energy and power density may increase by 

extending the present technology. However, it 

also shows that beyond 2025, breakthrough 

technologies may be observed, with new 

chemistry, still based on lithium, though. 

These new technologies could offer increases 

in power density by a factor of 4. 
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Figure 38: Energy and power density for present and future battery technologies (Nationale 

Plattform Elektromobilität, 2011). The graph illustrates how energy density can be drastically 
increased by new materials and new technologies in batteries. 

  

Today, the European battery industry is being 

left behind in production facilities for the 

dominant technology lithium batteries. A 

strategy for the future must include also a 

strategy for industrialization. A number of 

studies have looked at roadmaps for R&D and 

demonstration of technologies. What is lacking 

is the last step with industrialization. This 

requires investments in very large scale 

factories to be competitive on the market. One 

strategy would be to use expected technology 

breakthroughs in battery technology and plan 

for production of next generation batteries 

rather than today’s technologies. However, 

advanced research without production is also 

very difficult and continued participation in 

production in today’s technologies is thus 

highly valuable. 

V.F.1. Recommendations 

By 2020,  

 A system view on storage should be 

adopted in order to understand 

interactions with alternative / 

complementary technologies. 

 

 A finer/deeper investigation of 

demand response, of interconnections 

and of technologies which might be 

competing with storage on some uses 

(thermal uses mainly) could be carried 

out in order to assess the individual 

potential and the linkages between them. 

 

 Current targets for interconnection 

capacity for countries is 10% by 2020 and 

15% by 2030. The individual targets at 

the national level could be 

investigated, taking into account the 

current and projected shares of 

variable renewable generation (higher 

share – higher target) and be 

compared (on a techno-economic 

base) with alternative solutions, in 

particular storage. 

 

 In the view of involving the EV fleet 

into the power system, a planning for 

electrification of transportation 

(including smart grid infrastructures) 

in the EU could be established. 
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By 2030: 

 Battery storage is likely to become a 

strategic asset in the energy system. Many 

major countries such as US, China, Japan 

and Korea, have acknowledged that. The 

EU should in turn acknowledge the game-

changing role that storage (and in 

particular battery storage for its wide 

modularity, flexibility and resilience) is to 

play in the energy system, and the 

potential benefits to be reaped for its 

industry. In this regards, prior to a 

strategic industrial plan, a study should 

be performed in order to identify 

frameworks and conditions for 

establishing a pan-European battery 

industry: 

 The study should be conducted with 

suppliers of complete battery systems, and 

also with suppliers of sub-parts, and 

battery management system providers. 

The industry in charge of the charging and 

connecting infrastructures should also be 

involved. 

 R&D on battery technologies should be 

strengthened particularly for next 

generation technologies (such as organic 

and metal free batteries, high power 

density chemistry). Beyond the 

technologies themselves, R&D should 

consider the recycling constraint and not 

only focus on performances. This aspect is 

even more crucial, due to a lack of 

indigenous raw material mines and ores. 

R&D efforts should be directed to the 

finding of economically viable recycling 

processes. 

 This constraint on raw material might also 

be considered as an opportunity to 

structuring the recycling side of the battery 

value chain. Although, prior to the 

recycling of batteries, the re-using of 

batteries should be considered 

 Production technology for batteries should 

be developed. 

 

 Ensure that the feedback from 

demonstration projects is effectively 

incorporated into EU wide Storage 

Technology Roadmap and feed into 

ENTSO-E's grid code requirements. 
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RECOMMENDATIONS 

Target Time frame: by 2020 Time frame: by 2030 

European 

Commission 

Reduction of market barriers 

 Use battery storage as a reserve provider in 

order to improve liquidity in the balancing 

markets, and provide short term ancillary 

services. 

 Elaborate guidelines for capacity market 

development that support the remuneration 

of battery storage technologies. 

 

Reorientation of legislative and regulatory framework 

 Clarify the regulatory framework defining 
the responsibilities of storage operators. 

 Improve understanding of barriers to battery 

recycling in the different Member States 

linked to recycling (collection system). 

 Create an Independent Storage Operator. 

 Allow TSOs to own battery packs’ assets. 

 Clarify if grid batteries should be part 

of the Eco-Design as part of an 

element of the power system. 

 Ensure that the implementation of the 

WEEE and ELV Directives is made 

through high collection rates, while 

minimising the costs to 

manufacturers. 

Education of consumers, communities and stakeholders 

 Adopt a regulation to stimulate self-

consumption and reduction in power 

consumption, especially for peak-load 

considerations. 

 Create a specific support scheme for 

batteries. 

 Build a framework for Prosumer Storage 

based on the German experience. 

 

Acceleration of technology breakthroughs 

 Carry out an investigation of demand 

response, interconnectors and technologies 

which might compete with storage on some 

uses (thermal uses mainly), in order to 

assess the individual potential and the 

synergies among them. 

 Compare national interconnection targets 

and compare them with alternative 

solutions, in particular storage. 

 Create a plan for electrification of 

transportation (including smart grid 

infrastructures). 

 Conduct a study in order to identify 

frameworks and conditions for 

establishing a pan-European battery 

industry. 

 Ensure that the feedback from 

demonstration projects is effectively 

incorporated into EU wide Storage 

Technology Roadmap and feed into 

ENTSO-E's grid code requirements. 

ENTSO-

E/ACER 

 Update the grid code requirements in 

conjunction with Ease and based on the 

techno-economic feasibility of batteries. 

 

National 

Regulatory 

Authorities 

 Set up DSO regulation to incentive storage 

(based on the clarification of Electricity 

Directive). 

 

Table 6: Summary of recommendations  
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VI. CONCLUSION 

While energy storage is now widely accepted 

to play an increasing role in the energy system 

- where incremental penetration of variable 

energy production, the growing trade of 

electricity and new demand patterns create 

needs for flexibility in grid operation - this 

report shows that, among the storage 

technologies, battery storage is likely to play 

an increasingly significant role and may 

become a game-changer in the electricity 

industry. Battery storage can thus make a 

significant contribution to support the EU 

Electricity Network. 

In fact, the battery market is moving more 

rapidly than anticipated, largely based on the 

technological progress and maturity gained in 

Lithium ion batteries, which are seen as the 

clear leader in battery storage technology. Key 

advantages of Lithium ion batteries are their 

high flexibility, modularity and costs 

advantages for a wide range of applications in 

energy systems. Post 2025-2030, however, 

breakthrough technologies could be 

commercialised and penetrate the market, as 

cost competitive alternatives to Lithium Ion. 

For smart grid applications, battery storage is 

expected to benefit from large cost reductions 

foreseen in consumer good batteries, since 

characteristics of battery cells are similar. This 

general trend will see costs reduced as a result 

of volume effects linked to portable electronic 

devices but also to EVs, even if large 

differences will still be foreseen depending on 

the use and location of the battery. This bodes 

well for the penetration of battery technology 

in energy services applications, and this is 

already reflected in projected sales of batteries 

for grid applications, which are expected to 

grow across all regions, requiring the EU to 

consolidate its global competitive position. 

In the EU, the business case for energy 

storage is currently mostly focused on three 

niche segments, in relation to self-

consumption, energy arbitrage or peak 

shaving, but they are strongly driven by 

regulation. 

1) Bulk storage in generation (Pumped Hydro 

Storage), allowing to extract the value 

between peak and off peak electricity prices; 

2) Micro-grids in islands, for example, or areas 

which are virtually isolated from a grid 

perspective; 

3) Domestic battery storage associated to 

solar PV panels, largely based on the German 

experience. 

Still, because battery storage brings flexibility 

in the system and is adaptable to different 

electrical systems, it can contribute efficiently 

to the achievement of the EU 2020 and 2030 

renewable based targets. Battery storage can 

also interact easily with other storage 

possibilities, notably thermal storage.  

Nevertheless, in order to drive towards full 

market potential by 2030, batteries should be 

analysed with a full system wide approach, 

while ensuring an extended use of life 

including recycling and potential use in 

combination with other technologies (EVs or 

CHPs). Up to that point, EV industry and grid 

applications could be converging. There are 

already commercial agreements signed 

between car manufacturers and suppliers to 

the electric grid with that concept, in order to 

extend the life of batteries, improve the 

economy and finally reduce the environmental 

impact from batteries. 

However, legislative barriers still need to be 

overcome. First and foremost, the definition of 

storage needs to be clarified, in order to 

facilitate access to battery storage capacities. 

The issue of storage ownership remains a 

central issue. A leeway in the interpretation of 

ownership is reflected in the EU in the 

different treatment of storage by TSOs, with 

some double counting grid fees and some 

netting the fees related to storage injection 

and withdrawal. However, transfer of dispatch 

rights could be contemplated to build up new 

business models, allowing for the clear 

separation of market data to grid system 
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security requirements (adequacy and 

security). 

The report has provided a set of 

recommendations for different time scales (by 

2020 and 2030) to different stakeholders 

(European Commission, ENTSO-E/ACER, 

National Regulatory Authorities). A key 

recommendation is that the EC needs to 

consolidate regulation around ancillary 

services and encourage Member States to opt 

for storage for prosumers. This report shows 

that there is potential for incorporating battery 

storage, in conjunction with other smart grid 

equipment, in the reform of market design 

models likely to improve adequacy of flow (a 

responsibility of DSOs and TSOs). 

In particular, battery storage used as a 

reserve provider could improve liquidity in the 

balancing markets, and could play a role 

through the provision of short term ancillary 

services. In future policy developments, 

battery storage should be included as a 

credible service provider of frequency 

regulation and voltage support. Storage could 

also be proposed as an alternative solution to 

deliver on interconnection targets in regions 

where storage features competitive 

advantage. As far as electrification is 

concerned, the report recommends 

comprehensive planning for electrification of 

transportation (including smart grid 

infrastructures) in the EU. 

The report also recommends that the output of 

demonstration projects receiving EU funds for 

Storage R&D should be maximised while 

ensuring that the feedback from 

demonstration projects is effectively 

incorporated into an EU wide Storage 

Technology Roadmap and feed into ENTSO-E's 

grid code requirements. Ultimately, the report 

proposes a roadmap to build all these 

recommendations onto a broader pan-

European industrial strategy for the battery 

manufacturing industry. 

With this in mind, EU Member States may 

have different considerations towards the need 

for electricity battery storage in their specific 

energy system, based on different level of 

variable generation, energy mix, levels of 

interconnections and specific grid needs 

(centralised or decentralised grid models). 
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Appendix III: Stakeholder Engagement I: online survey 

Timing: 18 September 2014-26 September 2014 

Survey mode: Electronic questionnaire sent to a predefined list of stakeholders (industry and 

business associations), then extended to the IISD Energy listserv. 

Questions: 

1. Should batteries be seen as a generation tool for the future i.e. been seen as an alternative 

investment to generation plants? 

Rank degree of approval between 1 (I strongly disapprove) to 6 (I strongly approve) 

 

2. Is there a need for storage to support energy efficiency targets? 

Rank degree of approval between 1 (I strongly disapprove) to 6 (I strongly approve) 

 

3. How should batteries contribute to energy supply security? (open question) 

 

4. What is the end user general acceptance of storage systems in homes and vehicles?  

Rank degree of acceptance between 1 (very low acceptance) to 6 (very high acceptance) 

 

5. What environmental risk should be monitored? (Open question) 

 

6. Is recycling a key environmental barrier? 

Rank between 1 (Recycling is NOT a key environmental barrier) to 6 (it IS a key environmental 

barrier) 

 

7. To what extent is storage interdependent from other technological solutions like demand 

response? 

Rank between 1 (low interdependence) and 6 (strong interdependence) 

In the case of a strong interdependence from other technological solutions, please specify: 

…………………………………………………………………………………………………………………………………………… 

 

8. What are the main cost drivers for battery storage? 

Please rank from 1 (most important driver) to x (less important driver) 

Price of raw materials 

Volume development 

Progresses of research and development 

Others (please specify) 

 

9. Is battery storage more appropriate for…? 
Please rank from 1 (most appropriate) to 3 (less appropriate) 
Load peaking 

Load shifting  

Load levelling  
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Results of multiple choice questions: 78 respondents 
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Results of open questions 

How should batteries contribute to energy supply security? 

 

 

A significant part of the respondents (around 1/3) answer this question by referring to renewable 

energy. Batteries contribute to improve energy supply security by facilitating the integration of 

renewable energy into the grid. On the contrary, there were less respondents who saw batteries as 

contributing to peak shaving. Some respondents mentioned frequency levels or ancillary services. 

 

 

Other respondents (13%) answered the question on the basis of the ability of batteries to facilitate 

decentralized or centralized energy generation. Among these , the majority (3/4) thought that 

batteries could foster decentralized energy generation. 

 

 

What environmental risk(s) should be monitored? 

 

 

65% of respondents mentioned battery disposal (including recycling). 

 

13% mentioned the environmental risks during the operation process (mainly leakages). 

 

7% mentioned the extraction of raw materials. 
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How should batteries contribute to energy supply security? 

value chain  
  

renewables 
  

decentralisation 
  

centralisation 
  

   
Respondents 

Response 

Date 
Response Text 

      

1 09/29/2014 By providing grid-level storage services enabling stronger penetration of renewables and energy efficiency. 

2 09/29/2014 

Batteries are likely to contribute to reserves (frequency control) in the future; moreover, they may serve a (rather small) fraction of 

installed (generation) capacity requirements. 

3 09/29/2014 Primarily as a way to address intermittent challenges inherent in renewable sources like solar and wind. 

4 09/29/2014 In an Environmental friendly way 

5 09/28/2014 Storing excess/ surplus energy produced by renewable energy sources and dispatching it when there is need/ during peak time. 

6 09/28/2014 Storing intermittent energy production for later use 

7 09/28/2014 by supporting islanding of micro-grids 

8 09/28/2014 

Widely distributed rather than concentrated in a few large battery-parks. This is both for security of supply reasons as well as 

decreasing the distance between the user and the source, and thereby reducing the loss in transmission. 

9 09/28/2014 

Batteries are one component of energy storage that will become essential to the operation of a smart, resilient and efficient 

network. 

10 09/28/2014 Help create buffer for intermittent sources to limit need for stand-by power plants. 

11 09/28/2014 Stability in specific situations 

12 09/28/2014 As an essential part of the expansion of renewable (i.e. intermittent) energy sources, notably in the transportation sector. 

13 09/28/2014 This currently works more effectively in the more marginal areas of renewable energy 

14 09/28/2014 Storage 

15 09/28/2014 

Greetings.I always give emphasis on waste energy, 2nd generation biofuel n Biodiesel next electric vehicle and rechargable 

batteries need more research about energy storage capacity.Greetings and Best Regards. 

16 09/28/2014 Storaging non-dispachable power during oversupply 

17 09/27/2014 

By improving energy storage performance, batteries can not only power appliances and machinery but also, and most important, 

improve access to energy to those communities who are not connected to the grid. Moreover, advances in battery technology 

can/will reduce dependence from fossil fuels and boost renewable energy and energy efficiency. 

18 09/27/2014 By the use of their storing and delivering at appropriate times 

19 09/27/2014 Its very imported and save implementation can be done by its 

20 09/27/2014 Buffer fluctuating RE 

21 09/27/2014 1. Grid balancing 2. Renewable energy intermittency 3. Excess electricity for use in electric vehicles 
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22 09/27/2014 As back-up to solar and wind power 

23 09/27/2014 facilitate short-term load management as more intermittent renewable energy technologies become part of the energy mix 

24 09/26/2014 Provide a means for storage at times of low demand. 

25 09/26/2014 Constructively 

26 09/26/2014 Storing energy if electricity is disrupted 

27 09/26/2014 support decentralised generation 

28 09/26/2014 

Batteries should be able to store locally generated energy at minimum loss during periods of low consumption and provide it to the 

grid when the demand increases. 

29 09/26/2014 In several ways. 

30 09/26/2014 

To the extent that there is an increase in local generation and decentralized generation - which does not always occur during time 

of peak demand. Batteries can capture that energy for use when needed (e.g. for households, for vehicles, etc.). It creates different 

options and increases the viability of different energy generation options. 

31 09/26/2014 

Mainly as a storage for intermittent sources ( eg solar/wind) and possibly as a storage mechanism to be filled during off-peak hours 

and utilizes during peak hours as necessary/feasible. 

32 09/26/2014 

By becoming the preferred energy management tool, by storing electricity generated during the day by solar and at any given time 

by wind, as necessary. For example, all transport vehicles (cars, trucks, trains, trams) should become electric with incorporated PV 

solar cells and batteries, storing electricity during every sunshine hour. Bigger batteries for high capacity storage should also be 

commonplace. 

33 09/26/2014 Batteries can act as a backup in the event of energy shortage and at the same time provide energy to marginalized areas 

34 09/26/2014 In supply demand management and puffer during times of high energy supply with RES 

35 09/26/2014 Homes, transport 

36 09/26/2014 Support localized production and consumption of distributed renewable energy sources 

37 09/25/2014 The most important aspect is energy storage 

38 09/25/2014 

Especially in combination with decentralized PV-installations. The batteries allow a full supply, independent from the local or rgional 

grid. 

39 09/25/2014 By harmonizing supply of renewable energy with demand of electricity. These two have to be decoupled in time. 

40 09/25/2014 back up , peak shaving , and transfer device 

41 09/25/2014 for storage of renewable energy 

42 09/25/2014 

It is increasingly clear that renewable energy will be demanded and useful in providing utility power both on-grid areas as off-grid 

areas; not generate renewable energy 24 hours (solar, wind, for example) need to be stored and not waste them so they are 

available when needed to consume. All areas which have yet to be electrified, are areas of difficult terrain, with small and very 

small villages, scattered and remote; in these areas the extent of networks are not cost-effective; local public power systems are 

needed primarily for renewable and clean energy. Batteries play a fundamental role, as the date is technically and economically the 

best alternative pa store energy for power and not waste it available and consumed in the "peak" 

43 09/25/2014 In term of storing for the future. 

44 09/25/2014 Resilience- when the grid goes down and for remote regions where it is difficult to interconnect and for great demand fluctuations 

45 09/25/2014 Ancillary services renewables integration (for solar, wind) 

46 09/25/2014 as back up 

47 09/25/2014 by smoothing variations in supply of alternatives (e.g. PV) 
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48 09/25/2014 I believe that the most critical use of batteries will be to plug gaps in variable renewable generation. 

49 09/25/2014 as a last-resort source to smart grids 

50 09/25/2014 in e-mobility 

51 09/25/2014 Secondary inline support 

52 09/25/2014 Buffering 

53 09/25/2014 They should enhance energy security and help expand energy access. 

54 09/25/2014 providing grid services that improve reliability. 

55 09/25/2014 Grid balancing to help support power system based on higher shares of indigenous renewables Reduced need for oil if used in EVs 

56 09/25/2014 Batteries/energy storage can be a cost-effective, environmentally-friendly way to lower peak electricity demand 

57 09/25/2014 

1. provide grid system services including network support, frequency response and balancing 2. Store energy from intermittent 

energy sources for use when there is demand. 

58 09/25/2014 support system stability and increase the capabilities of electricity systems to integrate variable renewable generation 

59 09/25/2014 support system stability and increase the capabilities of electricity systems to integrate variable renewable generation 

60 09/25/2014 

Ancilliary services (especially primary and secondary frequency reserves), Peak power capacity, Integration of PV (day-night 

storage) 

61 09/18/2014 flexible power available 

62 09/17/2014 Batteries could contribute to balancing of power, reduction of peak loads and increase self consumption 

 

What environmental risk(s) should be monitored? 

   disposal 

  
extraction of 

raw materials 

  operation 

process 

    

  
Respondents 

Response 

Date 
Response Text 

1 09/29/2014 Several, for instance batteries' disposal 

2 09/29/2014 production and recycling of battery chemicals (lithium, lead etc.) 

3 09/29/2014 Waste disposal, over-consumption of rare earth material for battery production, leakages. 

4 09/29/2014 All risks should be taken care of 

5 09/28/2014 Storage and recycling of batteries. 

6 09/28/2014 All supply chain risks until disposal 

7 09/28/2014 inappropriate disposal of batteries 
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8 09/28/2014 

Securing fuel oil tanks against leaks are a problem, and they as well as the heating systems using fuel needs to be phased out. 

Present batteries most often contains dangerous and/or toxic substances which need to contained and monitored. 

9 09/28/2014 All environmental risks should be monitored. 

10 09/28/2014 Disposal 

11 09/28/2014 Those related to extraction of base materials, manufacturing and disposal. 

12 09/28/2014 product failure in a domestic environment is environmentally damaging than a commercial environment 

13 09/28/2014 Disposal system 

14 09/28/2014 

There are lots of electricity crises still industry and home next vehicles first ensure solar to other renewables switch next think 

about it.Greetings and Best Regards. 

15 09/28/2014 chemicals leakage during operation and end-of-life recycling 

16 09/27/2014 Primarily, nickel, cadmium and lead pollution due to an incorrect disposal/recycling. 

17 09/27/2014 Size, leakage of undesirable substances, replacement frequency 

18 09/27/2014 Toxic contents 

19 09/27/2014 1. Sourcing of chemicals for manufacturing 2. Preventing leakage during use 3. End of use disposal, recycling and reuse 

20 09/27/2014 disposal 

21 09/27/2014 total energy balance when large-scale storage systems are becoming a more common feature in electricity systems 

22 09/26/2014 Spillage and localized radiation. 

23 09/26/2014 - 

24 09/26/2014 none 

25 09/26/2014 

Depending on the kind of batterie, the electrolyte leak could be hazardous to the environment and health; also the disposal of 

these batteries should be planned before implementing a program like this in order to avoid an increase on the waste generated 

by use of batteries. 

26 09/26/2014 Those related to batteries. 

27 09/26/2014 Use of heavy metals that can contaminate the environment after use. 

28 09/26/2014 

Batteries require heavy metals - these are a potential hazardous pollutants that will need to be managed as more batteries are 

used and eventually need to be disposed of/managed. 

29 09/26/2014 Manufacturing and use of possibly toxic products/components and disposal at end of lifecycle 

30 09/26/2014 

Proper recycling of batteries is a must. However, if we can develop batteries that will not be highly dangerous, containing harmful 

chemicals, this would be a lesser concern, although always a valid one. 

31 09/26/2014 

Environmental Pollution from disposed batteries should be controlled - longevity of batteries should be critical in addressing this. 

Waste discharged from the respective battery manufacturing industries should be well managed. 

32 09/26/2014 life time energy balance of batteries, circumstances of production, e.g. fair and healthy employment conditions in asia and so 

33 09/26/2014 Ways of decommissioning 

34 09/26/2014 Recycling 

35 09/25/2014 waste disposal 

36 09/25/2014 The life-cicle of the battery. How many years of function? Who is recycling the batteries? etc. 

37 09/25/2014 Extraction of raw materials and disposal of waste can damage the environment. Recycling should be part of the product life cycle. 

38 09/25/2014 Disposal and efficiency 
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39 09/25/2014 disposal of used batteries 

40 09/25/2014 

The whole process of recycling batteries should be monitored, from collecting batteries houses motorists and retailers; to the 

overall operation of the recycling plant on the basis of an environmental impact 

41 09/25/2014 Disposal of these after the use. 

42 09/25/2014 Disposal; how to treat if on fire 

43 09/25/2014 Dispossal, leakage, overheating/explosions 

44 09/25/2014 the final disposal 

45 09/25/2014 disposal of toxic metals - batteries should be recycled by the manufacturer 

46 09/25/2014 Battery disposal and recycling. 

47 09/25/2014 Disposal, toxic discharge 

48 09/25/2014 a complete recycling system should be established 

49 09/25/2014 Recycling 

50 09/25/2014 The risk that batteries could explode if misshandled... 

51 09/25/2014 Raw material 

52 09/25/2014 E-waste related and closing loops in recycling and reusing of parts associated with batteries. 

53 09/25/2014 Depends on the battery materials and production and fabrication process 

54 09/25/2014 Existing environmental licencing and monitoring systems should be sufficient. 

55 09/25/2014 fire hazards related to manufacturing issues -> quality requirments 

56 09/18/2014 Craddle2craddle impact. (incl mining, etc) Efficiencies 

57 09/17/2014 Recycling of batteries 
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