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WHAT IS EUROBAT?

EUROBAT is the Association of European Automotive and Industrial Battery
Manufacturers. Its 50-plus members comprise more than 90% of the automotive
and industrial battery industry in Europe.
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APPLICATIONS

AUTOMOTIVE :

Batteries contribute to the
decarbonisation  of the
European transport sector -
reducing CO: emissions via
start/stop  batteries and
innovative solutions in XEVs

STATIONARY ENERGY *° MOTIVE POWER

Batteries are indispensable
for storing renewable
stationary energy coming
from solar and wind farms in
on grid and off grid
solutions.They also contribute

Batteries are a perfect fit for
powering industrial vehicles
such as forklifts and cranes,
while also reducing noise
and emissions.

° to a more stable and reliable
0 grid. °
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ALL BATTERY TECHNOLOGIES

EUROBAT represents the manufacturers of all four existing battery technologies:
Lead-, Lithium-, Nickel- and Sodium- based. Each chemistry has its own advantages
and is best suited for specific applications.
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LEAD BASED LITHIUM BASED NICKEL BASED SODIUM BASED

ADVANTAGES ADVANTAGES ADVANTAGES ADVANTAGES
Low cost, proven High energy density, Long life, High energy density,
technology, low weight suitable in extreme low weight

sustainability conditions




The contribution of Battery
Energy Storage to

EU energy policy

With this paper, EUROBAT aims to contribute to the EU policy debate on climate and energy and
explain the potential of Battery Energy Storage to enable the transition to a sustainable and
secure energy system based on renewable sources, with reduced greenhouse gas emissions
and enhanced energy independence for Europe.

In order to deploy renewables and to release their potential for ensuring a stable and secure
energy supply, Europe needs to work to overcome the intrinsic limits of renewables. One solution
to these challenges is Battery Energy Storage. Technology advancements, social needs and
market demand are rapidly making batteries an attractive solution for decarbonising the European
energy mix. Batteries can be installed at every level of the grid, from generation and transmission
to distribution, households, commercial and industrial customers, and can store energy from
on-peak renewable energy and release it when it is more needed in central, de-centralised and
off-grid situations. Batteries offer grid support services like voltage control and frequency regulation,
enabling grid stability and flexibility. Batteries can also play an important role in off-grid and
micro-grids solutions: batteries can replace diesel generators to power telecom towers,
micro-grids in small islands and even buildings and households isolated from the grid.

All battery technologies (lead, lithium, nickel and sodium) have an important role to play
in this regard: there is no one-size-fits-all battery, since different applications require different
battery technologies. It is, therefore, necessary to identify the most appropriate type of battery
for a particular application in terms of cost, performance and environmental impact.
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The benefits and services of
Battery Energy Storage in

different applications

Batteries can store energy from intermittent energy sources and release it when it is needed, boosting
renewables and increasing their contribution to the energy mix. Moreover, batteries offer important
ancillary services to stabilise the grid.

Batteries can solve, or at least reduce, the problem of an intermittent supply of energy, which is
one of the key weaknesses of renewable energy sources. This valuable service has several
positive effects for a continent such as Europe, which has relatively limited energy resources of
its own and is, consequently, dependent on fossil fuel imports. Increasing the use of renewables
in the energy mix allows energy imports to be reduced, with clear benefits for Europe’s energy
independence and security. The decarbonisation of the energy mix and reductions in overall
CO2 emissions are other clear, positive outcomes of an increased use of Battery Energy
Storage in Europe.

Today, a range of different energy storage technologies are available on the market, while
others are still at the R&D stage, and therefore will be commercially available only in the
medium term. Storage technologies have different characteristics and application types, and
can be differentiated according to their size, discharge time, or functionality offered.

In this scenario, batteries are rapidly emerging as an optimum solution for both on-grid and
off-grid options. Compared with other storage technologies, batteries can easily be placed at
every level of the grid, from generation and transmission to distribution, households and businesses,
offering different services to integrate renewables and stabilise the grid. A key advantage of
batteries is their ability to offer a variety of services, which means they can benefit from multiple
value streams. For this reason, the possibility to enable the “stacking” of revenue streams is
crucial to improve project revenues and economic returns.
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BATTERIES OFFER SERVICES ON AND OFF GRID

ANCILLARY SERVICES FOR
GRID STABILISATION:
voltage control, frequency
regulation, black start,
congestion relief & more

FAST RESPONSE:
store electricity and use it
when needed

MORE SELF-PRODUCED ELECTRICITY:
at customer level, a photovoltaic
system increases self-consumed
electricity from 30% to 60-70%
with storage

LARGE SCALE GRID LEVEL

ENABLE PROSUMERS:
users can store their self-produced
electricity and sell it to the grid

Il CUSTOMER LEVEL

GRID MORE SECURE,
RELIABLE, AND RESPONSIVE:
reduce line congestion
and line loss by moving
electricity at off-peak times

GRID UPGRADE DEFERRAL:

battery energy storage is
an alternative to expensive
investments in transmission/
distribution system upgrades

BACKUP POWER:

support  customer and

loads
provide backup power throughout
an entire power outage period




1 1 Bulk Energy Services:

large Renewable facilities

More energy into the grid with fewer generation facilities

Following the Commission’s expectations, by 2050, the share of electricity in final energy demand will
at least double to 53 percent. At the same time, it is expected that by 2030 around 55 percent of
electricity consumed in the EU will be produced from renewables .

Batteries allow the owners of solar panels or wind generators to store the energy produced — when it
is not immediately consumed and when it would be uneconomic to supply it to the grid — and then to
release it when prices are higher. Similarly, batteries can store the energy produced with
renewables that would otherwise have been curtailed. Arbitrage, therefore, has a dual value. For
owners, it can represent an economic incentive, allowing energy trading to take place. For society, it
enables energy waste to be reduced or eliminated. In order to be feasible, arbitrage requires electricity
prices to fluctuate freely.

Overall, the effect is that every renewable power plant injects more energy into the grid when it
has a battery. This results in a reduced need for new central-station generation capacity. Variable
renewable generation, combined with energy storage, represents a fixed generation capacity that can
be valued on capacity markets. Moreover, storage devices can compensate for the destabilising
effects of variable generation on grid stability by enabling wind and solar generators to contribute to
primary and secondary reserves, respectively. For such functions, storage can be either associated
directly with generation devices or can otherwise be connected to the grid.

1 2 ‘ Grid level:
transmission and distribution

Ancillary services for the stabilization of the grid, energy security and reliability

Batteries can ensure grid stability in a number of ways. First, they can rapidly store energy or
feed in energy, even in milliseconds, in order to balance a grid area to avoid frequency instabili-
ty, reconciling momentary differences caused by fluctuations in generation and loads.

Second, batteries can provide reserve capacity to the grid to take over the role of the spinning
reserves delivered by conventional rotating generation units. Battery Energy Storage is needed
to restart and provide necessary power to the grid — as well as to start other power generating
systems — after a complete power outage or islanding situation (black start).

Finally, Battery Energy Storage can also offer load levelling to low-voltage grids and help grid
operators avoid a critical overload. It allows grid operators to shift load from peak to base load
periods and also enables ramp control, in order to reduce the maximum currents flowing from
the high-voltage grid through constrained grid assets.

These ancillary services improve the working conditions and stress-resistance of the grid,
extending its capacity and making it more secure, reliable, and responsive. Storage can
also reduce line congestion and line loss by moving electricity at off-peak times. Thus, it can
extend the life of existing infrastructure, allowing either a deferral of investments or entirely
avoiding the need to make expensive investments in transmission/distribution system upgrades.
The possibility of installing Battery Energy Storage systems should, therefore, be considered as
an economic alternative when costly upgrades to transmission/distribution lines are needed.

1. European Commission, Report on the Implementation of the Strategic Action Plan on Batteries: Building a Strategic Battery Value Chain in Europe, 2019




1.3 ‘ Customer energy

management services

More, better, and more reliable self-produced energy

At household, commercial and industrial level, a battery system connected to a solar panel or a
small wind generator can provide several services to end-users. Battery Energy Storage will
increase the amount of self-produced electricity as well as increasing self-consumption.
A small PV + battery system can increase the percentage of self-consumed electricity from about
30% without storage to around 60-70%, optimising efficiency and reducing the amount of additional
power needed from the grid. This means that millions of consumers around the world are able to
produce their own electricity, as well as store it and sell it back to the grid. Furthermore, Battery
Energy Storage can minimise the distortion caused by inverters to optimise the injection into the
grid.

With disappearing feed-in tariffs, decreasing PV and increasing electricity costs, this model has
started to become viable in countries with a high degree of PV penetration, creating more and
more ‘prosumers’ (customers producing their own energy and, in some cases, selling it to the
grid). The rise in the number of prosumers has escalated thanks to the fall in the cost of
renewable energy technologies, especially solar panels. They also offer ancillary services to
grid operators, which can be aggregated and managed by third parties in a more efficient way.
Battery Energy Storage can support customer loads and provide backup power throughout an

entire power outage period, working as an uninterruptable power supply unit (UPS). This service
is particularly useful in areas with weak, low-voltage grids.

CUSTOMER ENERGY
MANAGEMENT




Batftery Technologies for
energy storage

Today, different battery technologies are commercially available to address the needs of power
plants, grid operators and prosumers. All four ‘families’ of battery technologies - lead, lithium, nickel
and sodium - can provide distinct and important functions for grid operators and have the potential
for significant technological and economic improvements.

There are no one-size-fits-all solutions in the energy storage world, and the decision to opt for
one battery storage technology over another depends on several factors. For instance, IRENA
states that:

“The very different requirements of the range of services that electricity storage can provide —
and the varying performance characteristics of each group of electricity storage technologies —
means that a diverse group of storage technologies will prosper. It is therefore likely that a
range of technologies will find different market segments where they can compete on performance
and cost. The electricity storage market in stationary applications will therefore remain a
diverse one to 2030 and beyond.”

EUROBAT supports the coexistence of all battery technologies, with their selection for
on-grid and off-grid applications depending on specific requirements regarding the performance,
life, safety and cost of a given application. The EU’s legislative and regulatory framework
should guarantee a fair and technology-neutral competition between battery technologies.

Several mature technologies are available today for Battery Energy Storage, but all technologies
have considerable development potential. Today, lead is the dominant technology in the global
rechargeable market and it will keep growing in absolute terms, while lithium is showing the
fastest growth among battery technologies, mostly due to the development of e-mobility. Nickel
is a well-established technology with exclusive applications in extreme conditions, while sodium
shows interesting development potential. Research is already being undertaken into battery
improvements for different applications, from energy storage to e-mobility. In general, research
should be directed at reducing the cost and improving the cycle life and energy density of batteries.
EUROBAT is confident that cell-level and systems-level battery research will further improve the
business case for Battery Energy Storage at all levels of the grid. Support for Battery Energy
Storage R&D is, therefore, crucial for the development of these technologies.

2. EUROBAT conventionally gathers the different battery technologies available on the market in the four families. However, there are considerable differences among different types
of batteries in the same family.




1 Lead-based batteries

Lead-based batteries have been in industrial applications for over a hundred years and are well
established in on-grid applications for grid operators and end-users. Because of their low
upfront cost, deep-cycling lead-based batteries are used to provide these functions in many
small-scale solar installations. Today, lead-based batteries are the dominant technology of the
global rechargeable battery market by volume .

Work is being carried out to increase overall performance in all aspects through advanced active
materials and lower-resistance designs. Lead-based batteries have the lowest upfront cost of
all technologies and are well suited to providing services where the required depth of discharge
is moderate (for example, peak shaving), as well as more intensive duty cycles depending on
design and construction.

Thanks to significant R&D efforts since decades, lead batteries have offered continuous performance
improvements. Research is under way that aims to provide increased cycle life, charge acceptance,
discharge performance and cost reduction. Specific power will be improved with advanced additives
to the active materials and lower internal resistance designs, while cycle life will be lengthened
through design enhancements such as corrosion-resistant lead alloy materials and a more intelligent
battery operation mode. Battery management systems may be applied to control charge and
discharge to improve efficiency and increase battery life. Best in class lead batteries for
renewable applications have a life of 15 years with regular deep cycling. Lead-based batteries,
in common with nickel-based alkaline batteries, have aqueous electrolytes which makes them
much less hazardous in a fire

At the end of their life, lead-based batteries are collected for recycling. Within the EU, close
to 100% of lead-based batteries are returned and recycled in a closed-loop system. All components
are recycled, and the lead in batteries does not enter into free circulation, but instead is
collected and re-used to produce new batteries. The market for lead-based batteries in the EU
is predominantly met with recycled material, with low demand for primary lead reserves.

2 2 ‘ Lithium-based batteries

Industrial Li-ion batteries have recently been introduced into the industrial market for power
generation, grid-level, residential and commercial installations, drawing on the extensive experience
gained in the development of batteries for electric and hybrid vehicles. Li-ion batteries are
showing the highest growth among battery technologies and are today the technology of
choice for e-mobility applications.

The choice of Li-ion is justified by its long lifespan, high energy efficiency, operation at undefined/low
state of charge, as well as its compactness, lightweight and system communication capability.
Li-ion technology is highly scalable and can be adapted to practically any voltage, power and
energy requirement. Li-ion batteries require sophisticated control electronics, which, on the one
hand, makes the technology somewhat complex to manage, but, on the other hand, offers precise
management and state-of-charge control in ‘smart’ applications.

Research on Li-ion batteries will further increase energy density, cycle and calendar life and
address non-propagating cell-to-cell thermal instabilities. Economies of scale and industrial
capacity for the mass production of industrial-size cells and batteries will contribute to cost
reductions. Different system solutions will be developed following an increase in market volume.

3. Avicenne Energy, 2019, Lead Acid Battery Market 2015-2030
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Li-ion batteries meet the average recycling rate of
50% mandated for this family. The majority of
end-of-life Li-ion batteries are presently from
consumer electronic applications, and recycled
material from volumes currently collected does
not match the quantities required to manufacture
batteries offered on the market today. Therefore,
due to its growth, this segment is currently a net
‘taker’ of raw materials. The market for Li-ion
batteries is forecast to grow very rapidly, driven
by vehicle electrification as well as renewables.
There is a substantial effort on-going to bring
capacity and automation to the existing Li-ion
recycling facilities, so that when large volumes of
used (automotive and) storage batteries will
reach the end of their life, they will be recycled at marginal cost and feed the manufacture of
new batteries.

2 3 ‘ Nickel-based batteries

Nickel-based alkaline batteries serve special markets where energy must be stored in extreme
climate, long-cycle or fast-charging conditions, in hard to serve areas, and when superior relia-
bility is needed. Where temperatures are very low (down to -40°C), nickel-cadmium batteries
still operate correctly. In addition, nickel-cadmium batteries have a good cyclic durability, as
well as long calendar life. As a result, where renewable energy is stored and used cyclically
and where temperatures are very low or very high, nickel-cadmium batteries can be a competi-
tive technology choice.

Future developments will focus on increasing cycle life, extending temperature range and reducing
self-discharge and costs. Because of their performance, reliability, operational safety and durability
in the face of adverse environmental conditions, alkaline batteries will continue to be irreplaceable
in their established applications.

At the end of their life, nickel-based batteries are collected for recycling. Nickel batteries are
recycled in a well-developed infrastructure, and due to their high recyclability, nickel is
reused in the manufacture of a wide variety of industrial products and cadmium is reintroduced
in the manufacturing of new batteries. Reserves of nickel and cadmium are also sufficient to
satisfy demand.

2 4 Sodium-based batteries

Sodium-sulphur batteries are primarily manufactured in Japan. They have been promoted for
on-grid energy storage primarily because of their high efficiency, long cycle life, fast response
and high energy density. However, these batteries have high temperature requirements,
requiring extra insulation and active heating. The fragile nature of the ceramic electrolyte is
also a concern.

Sodium-nickel chloride batteries are in the early stages of commercialisation for on-grid
applications, being used in several pilot projects (MW scale) for on- and off-grid energy storage.
Therefore, there is still space for development, with R&D focused on improving the recharge
power and increasing cycle life through design enhancements. Automation, process improvement
and economies of scale will bring further cost reductions. Nickel chloride cathodes offer several
advantages, including a higher operating voltage, an increased operational temperature
range, a slightly less corrosive cathode, and somewhat safer cell construction.

Sodium-ion batteries are also in the early stage of commercialisation for stationary storage
applications, with research ongoing to enhance performances, optimise chemistry and extend
lifetime. They show lower charging time but also low energy density.
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