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• Power to mobility



ELECTRICAL SYSTEM – ENERGY STORAGE

The production of electricity from centralized fossil fueled power generation systems is changing in the

direction of more distributed and variable electricity production from renewable sources.

In addition, electrification of mobility and the heating and cooling sectors, is changing the nature of

electrical loads. Changes in the architecture and controllability of the grid call for smart, efficient power

transmission and distribution networks.

Energy storage will not only facilitate the integration of more renewable energy but also, help create a

smarter and more reliable grid.



ENERGY STORAGE AND SECTOR COUPLING 
IN THE EU AND DANUBE AREA

Environmental Impacts of Electricity Storage

Storing electricity can provide indirect environmental benefits or potential negative impacts.

Positive impacts:

• electricity storage can be used to help integrate more renewable energy into the electricity grid

• electricity storage can also help generation facilities operate at optimal levels, and reduce use of

less efficient generating units that would otherwise run only at peak times

• the capacity provided by electricity storage can delay or avoid the need to build additional

power plants or transmission and distribution infrastructure

Negative impacts:

• batteries use raw materials such as lithium and lead, and they can present environmental

hazards if they are not disposed of or recycled properly

• some electricity is wasted during the storage process

• electricity storage is only as clean as the electricity it stores



ENERGY STORAGE AND SECTOR COUPLING 
IN THE EU AND DANUBE AREA

1. Mechanical

2. Electrochemical

3. Electrical storage

4. Chemical storage

5. Thermal storage



MECHANICAL STORAGE
Potential energy – Pumped Hydroelectric Storage

• transmission facilities for energy storage,
• grid balancing,
• providing ancillary services.

Pumped storage power plants can store large
amounts of energy. They use water as a storage
medium and consist of an upper and a lower
reservoir, which are often artificially constructed.

The upper reservoir usually has no natural inflow,
while the lower reservoir can flow into a body of
water (open-loop) or be self-contained (closed-
loop). Surplus energy from the power grid is used to
pump water from the lower basin to the upper basin
(charging). When electricity is needed, a turbine
through which water from the upper basin flows
drives a generator, and a transformer is used to feed
electricity into the grid.



MECHANICAL STORAGE

Pumped storage hydropower plants may have negative environmental impacts on river and river valley

ecosystems and therefore it is necessary to include the assessment of the benefits and impacts of these

plants in the national river basin management plans!



MECHANICAL STORAGE

Energy efficiency impact Degree of efficiency 70 – 82 

Lifetime (cycles) 12800 - 33000 

Lifetime (years) 40 - 100 

Scalability  low 

Costs Investment costs (€/kW) 550 - 2040 

Technical requirements Special requirements Height difference between 

water and storage lake 

required, lake or place for 

basin must be available 

 



MECHANICAL STORAGE
Advantages:

 The technology is mature and established;

 Long lifetime;

 Low self-discharge;

 Good efficiency;

 Favourable storage costs;

 Use is partly possible as long-term storage.

Disadvantages:

 Low energy density;

 Increasing competition with other storage;

 From an energetic point of view, pump storage is also

inefficient. Instead of increasing the efficiency of the primary

energy used, the already poor efficiency of large thermal

power plants is reduced from 33-40 % in combination with

pump storage to 23-32 %.

 Geographical conditions such as suitable lakes/basins and

differences in altitude must be met;

 The area required is high, the ecological consequences and

those on the landscape must be clarified and the appropriate

permits obtained;

 Social acceptance is not always given.



MECHANICAL STORAGE
Compressed Air Storage

• To store energy generated at one time for use at another time using compressed air.

• A cavern or pressure vessel serves as the storage tank.

• In the charging process, air is compressed to high pressures with the help of electricity and stored.

• In the discharge process, the compressed air is expanded and drives a turbine.

• Compressed air storage systems are used for electricity-to-electricity storage for daily and weekly

balancing or for the provision of balancing energy. Systems with a capacity of 10 to 300 MW are

common. In large systems, salt domes of several 100,000 m3 are used as storage, while smaller

systems use pressure cylinders or pressure tanks.



MECHANICAL STORAGE

Storage Options

• Large volume storage sites are required because of the low storage density.

• Artificially constructed salt caverns in deep salt formations.

• Salt caverns are characterized by several positive properties: high flexibility, no pressure losses within

the storage repository, and no reaction with the oxygen in the air and the salt host rock.

• Natural aquifers – however, tests have to be carried out first to determine whether the oxygen reacts

with the rock and with any microorganisms in the aquifer rock formation, which could lead to oxygen

depletion or the blockage of the pore spaces in the reservoir.

• Depleted natural gas fields are also being investigated for compressed air storage.

• CAES power plants offer a realistic alternative to pumped-hydro power plants.



MECHANICAL STORAGE

Energy efficiency impact Degree of efficiency Diabatic: 40 – 55 

Adiabatic: 60 – 68 

Isotherm: 95 

Lifetime (cycles) 8620 – 17100 (diabatic) 

Lifetime (years) 40  

Scalability  low 

Costs Investment costs (€/kW) Diabatic: 340 – 1145 

Adiabatic: 600 - 800 

Technical requirements Special requirements Cavern or pressure vessel 

 



MECHANICAL STORAGE
Advantages:

 If the storage is underground, only a

small footprint is required on the

surface;

 Storage, compressors and turbines

have a long lifetime;

 Low self-discharge;

 Good correlation between high wind

areas and cavern sites.

 New decentralized concepts are

promising.

Disadvantages:

 Underground storage facilities are subject to

geographic limitations and must meet certain

geological conditions;

 The investment costs are high, the efficiency low;

 There is competition in the use of suitable caverns as

well as increasing competition with other storage

facilities;

 A coherent thermal concept is required for compressed

air storage facilities to be operated purely on a

renewable basis;

 At present, the storage facilities are still the subject of

research and demonstration, and rapid economic

implementation is not to be expected.



MECHANICAL STORAGE
Kinetic energy – Flywheel

• Mechanical energy storage systems based on one or more flywheels.

• In the storage process, a rotor is accelerated to very high speeds by means of electrical energy and

the energy is stored in the form of kinetic energy.

• In the discharge process, the motor acts as a generator, decelerating the rotor by generating electric

current.

• Use in the field of mobility, grid services and emergency power supply. For utility-scale storage a

‘flywheel farm’ approach can be used to store megawatts of electricity for applications needing

minutes of discharge duration. Flywheel storage systems may also be valuable as a subsystem in

hybrid vehicles that stop and start frequently as a component of track-side or on-board regenerative

braking systems.



MECHANICAL STORAGE

• Flywheel technology has many beneficial properties that enable us to improve our current electric

grid.

• A flywheel is able to capture energy from intermittent energy sources over time, and deliver a

continuous supply of uninterrupted power to the grid. Flywheels also are able to respond to grid

signals instantly, delivering frequency regulation and electricity quality improvements.

• Flywheels are traditionally made of steel and rotate on conventional bearings; these are generally

limited to a revolution rate of a few thousand RPM. More advanced flywheel designs are made of

carbon fiber materials, stored in vacuums to reduce drag, and employ magnetic levitation instead of

conventional bearings, enabling them to revolve at speeds up to 60,000 RPM.



MECHANICAL STORAGE

Energy efficiency impact Degree of efficiency 83 - 93 

Lifetime (cycles) > 1 mio 

Lifetime (years) 72 - 100 

Scalability  medium 

Costs Investment costs (€/kW) 125 - 2775 

 



MECHANICAL STORAGE

Advantages:

 High efficiencies;

 High energy density;

 Fast charging capability; They can go

from full discharge to full charge within

a few seconds or less;

 Long service life can be expected and

maintenance requirements are low;

 Negligible environmental impact.

Disadvantages:

 Safety risks due to rotating masses;

 Vacuum chambers and a cooling system for

superconducting magnetic bearings are

required;

 High self-discharge;

 There are competing technologies.



ELECTROCHEMICAL STORAGE

• The first battery invented by Alessandro Volta in 1800.

• A battery consists of one or more electrochemical cells with external connections for powering

electrical devices such as flashlights, mobile phones, and electric cars.

• When a battery is supplying electric power, its positive terminal is the cathode and its negative

terminal is the anode. The terminal marked negative is the source of electrons that will flow through

an external electric circuit to the positive terminal. When a battery is connected to an external electric

load, a redox reaction converts high-energy reactants to lower-energy products, and the free-energy

difference is delivered to the external circuit as electrical energy.



ELECTROCHEMICAL STORAGE

Electrochemical energy storage systems:

• low-temperature batteries (e.g. lead-acid, nickel and lithium batteries)

• high-temperature batteries (sodium-sulfur batteries),

• batteries with external storage (redox flow batteries)

• batteries with internal storage (most batteries).

Advances in technology and materials have greatly increased the reliability, output, and density of

modern battery systems, and economies of scale have dramatically reduced the associated cost.



ELECTROCHEMICAL STORAGE

Lead Batteries

• the oldest and the most extensively used type of rechargeable battery systems in the world.

• relatively rugged and forgiving if abused, and can be economically priced.

• they have low specific energy, making them bulky, and limited cycle count compared to other types.

• depth of discharge of approx. 60 %, meaning that 40 % of their capacity cannot be used if the cell

should not be damaged for the rest of their lifetime.

• Lead-acid systems perform best around 20°C.

• These batteries are thermally stable and do not need any internal safety measures, but they can emit

hydrogen gas.

• Lead-acid batteries are most often used as uninterruptible power supplies (UPS).

• Lead batteries are widely used in cars and trucks, being used in virtually all vehicles, supporting

increased vehicle hybridization and electrification, all the way from start-stop technology to full

electric vehicles.

• In addition, lead batteries are widely used in industrial applications, where they provide energy for

telecommunications, uninterrupted power supply, secure power, electric traction and for energy

storage for utilities as well as domestic and commercial applications.



ELECTROCHEMICAL STORAGE

Energy efficiency impact Degree of efficiency 74 -89 

Lifetime (cycles) 203 - 1315 

Lifetime (years) 10  

Scalability  high 

Costs Investment costs (€/kW) 200 - 490 

 



ELECTROCHEMICAL STORAGE
Advantages:

 The most established battery technology;

 The battery system is cheap;

 Acceptable energy and power density for stationary applications;

 Compared to lithium and sodium batteries, the lead-acid battery is very

safe;

 Much experience has been gained with the battery type worldwide, and

there are many manufacturers. Due to mass production, the battery is low

cost, production is independent in location conditions;

 The battery is particularly suitable as a low-cost storage for island grids.

 Lead batteries are widely recycled. The average lead battery made today

contains more than 80 % recycled materials, and almost all of the lead

recovered in the recycling process is used to make new lead batteries.

Disadvantages:

 Limited service life;

 Limited availability of lead deposits;

 Lithium batteries compete by

lowering costs.



ELECTROCHEMICAL STORAGE
Lithium Ion (Li-Ion) Batteries

Li-ion battery technology is replacing many applications that were previously served by lead-acid and

nickel-based batteries. They do not suffer significantly from the memory effect, unlike their NiMH and

NiCd counterparts. Due to safety concerns they require special handling and protection circuits. Li-ion

batteries are more expensive than most other batteries, but high cycle count and low maintenance

reduce the cost per cycle over many other chemistries.

The first Li-ion batteries were used for consumer electronics and now, building on the success of these

batteries, many companies are developing larger-format cells for use in energy-storage applications.

Many also expect there to be significant synergies with the emergence of electric vehicles (EVs) powered

by Li-ion batteries..

Li-ion batteries have been deployed in a wide range of energy-storage applications, ranging from

energy-type batteries of a few kilowatt-hours in residential systems with rooftop photovoltaic arrays to

multi-megawatt containerized batteries for the provision of grid ancillary services.



ELECTROCHEMICAL STORAGE

Li-ion cells may be produced in cylindrical or prismatic (rectangular) format. These cells are then typically

built into multi-cell modules in series and/or parallel arrays, and the modules are connected together to

form a battery string at the required voltage, with each string being controlled by a battery management

system. Electronic subsystems are an important feature for Li-ion batteries, which lack the capability of

aqueous technologies (e.g. lead-acid batteries) to dissipate overcharge energy. Safety characteristics of

Li-ion batteries are ultimately determined by the attributes of system design, including mechanical and

thermal characteristics, electronics and communications, and control algorithms – regardless of

electrochemistry.



ELECTROCHEMICAL STORAGE

Energy efficiency impact Degree of efficiency 90 – 97 

Lifetime (cycles) 400 – 1900 

Lifetime (years) 15  

Scalability  high 

Costs Investment costs (€/kW) 170 - 600 

 



ELECTROCHEMICAL STORAGE

Advantages:

 The lithium battery has the highest

energy density and efficiency among

batteries;

 The production of large quantities

leads to the reduction of

manufacturing costs;

 Application in stationary and mobile

areas is possible;

 New active materials are currently

being developed.

Disadvantages:

 Until now, the cost of the battery has been high and its

service life limited;

 Production, packaging and cooling of the battery are

expensive;

 Lithium deposits are limited, there are acceptance

problems regarding the mining of lithium, and the

environmental impact is controversial.

 Li-ion batteries have a flammable organic electrolyte

and highly reactive component materials.



ELECTROCHEMICAL STORAGE
Redox Flow Batteries

• Flow batteries store electrical energy in two chemical liquid components.

• A typical element for a flow battery is currently vanadium.

• The voltage is generated on a membrane (similar to traditional fuel cells). The liquids are stored in two

separate tanks and pumped into the membrane. The size of the membrane determines the power

(kW) of the battery, while the size of the tanks determines the capacity (kWh) of the battery. This

makes this kind of battery easily scalable by increasing the size of the tanks.

• Due to its size and high possible capacity, this technology is well suited for large scale energy storage.

How Redox Flow Batteries work is described in more detail in Module 3 – Emerging technologies!



ELECTROCHEMICAL STORAGE

Energy efficiency impact Degree of efficiency 71 – 83 

Lifetime (cycles) 5755 – 8593 

Lifetime (years) 15  

Scalability  High 

Costs Investment costs (€/kW) 710 - 1790 

 



ELECTROCHEMICAL STORAGE
Advantages:

 The storage capability can easily and

economically be in the range of

kilowatt-hours to tens of megawatt-

hours and the storage durations of 2

to 10 hours

 Unlimited locations;

 There are no resource bottlenecks;

 No “thermal runaway” unlike

traditional lithium cells.

 Energy and power are independently

scalable, spatial separation of storage

tank and reaction cell is possible.

Disadvantages:

 Still under development

 Size of the battery (tanks)

 Low energy density;

 The acidic liquids cause leakage;

 Legal problems with battery approval due to large

amounts of acid.

 The pumps consume electricity and require

maintenance.

 Complex system of pumps, sensors and vessels are

required for operation



ELECTRICAL STORAGE
Supercapacitor

Energy storage in a capacitor is based on maintaining an electric field in which energy is stored. They are

capable of providing large power in a limited time range. This makes them suitable for providing start-up

energy in the transport sector, for supporting supply systems in connection with fail-safety and for

bridging or balancing short-term load fluctuations. They are used, for example, in hybrid cars, public

buses, solar systems and wind turbines.

Energy efficiency impact Degree of efficiency 90 - 95 

Lifetime (cycles) 1 mio 

Lifetime (years) 10 

Scalability  High 

Costs Investment costs (€/kW) 125 - 300 

 



ELECTROCHEMICAL STORAGE
Advantages:

 High efficiency;

 High performance;

 Long cycle life;

 Quick and easy charge;

 Suitable for use in applications with

the highest requirements for response

times;

 They offer significantly higher power

density than traditional energy storage

systems.

Disadvantages:

 Low energy density. Thus, they can’t be used as a

continuous power source;

 High cost per installed energy;

 High power applications can alternatively be taken

over by "power batteries".



CHEMICAL STORAGE

• Technology uses renewable electricity to create chemical materials, mostly gases.

• Expensive

• Its advantages are: massive storage capacity from short to long term, and it establishes an opportunity

for sector-coupling (a bridge technology between electricity and natural gas market).

Power-to-Gas is further described in Module 3 on Emerging technologies!



THERMAL STORAGE
Electricity can be stored as thermal energy in peak-off hours and later converted back into electrical energy.

Molten salts as a storage medium have proven to be the most effective in this process.

Molten salts have high boiling points, low viscosity, low vapour pressure, and high volumetric heat capacities. A

higher heat capacity corresponds to a smaller storage tank volume. In choosing the chemical mixture, it is

advantageous to have the lowest possible melting point (and highest boiling point) to maximize the available

temperature range for the molten salt. If the melting point is too high, additional heating may be required to

prevent freezing.

The salts are heated and stored in an insulating container during off-peak hours. When energy is needed, the

salt is pumped into a steam generator that boils water, spins a turbine, and generates electricity. The

conversion of thermal energy to electricity can proceed by different cycles such as the Rankine, Brayton, and

Air-Brayton cycles. The Brayton gas cycle, for example, involves (1) adiabatic expansion of the high-pressure

and high-temperature gas across a turbine to do work, (2) isobaric cooling, (3) adiabatic compression to high

pressure, and (4) isobaric heating whereupon the cycle is repeated. Other applications include using the stored

heat directly for high temperature processes (such H2 production and coal-to-liquid conversion), which avoids

the thermodynamic cost incurred from converting to electricity. The cooled salt is pumped back into the

storage tank to be heated and reused.



THERMAL STORAGE
There are two different configurations for the molten salt energy storage system: two-tank direct and

thermocline. The two-tank direct system, using molten salt as both the heat transfer fluid (absorbing heat from

the reactor or heat exchanger) and the heat storage fluid, consists of a hot and cold storage tank.

The thermocline system uses a single tank such that hot and cold salt are separated by a vertical temperature

gradient (due to buoyancy force) to prevent mixing. There are two cycles in the thermocline system: charging

and discharging. To charge, salt flows out of the cold side, is heated by the heat exchanger (reactor), and flows

into the tank's hot side. To discharge, salt flow out of the hot side, transfers heat to generate power (turbine),

and flows into the tank's cold side.

The thermocline system reduces costs through a single tank and cheap filler material in the tank to act as

thermal storage; the estimated cost relative to the two-tank direct system is about 35 %.
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• Power to mobility



ELECTRICAL SYSTEM – SECTOR COUPLING
POWER TO MOBILITY

• Consumption in the transport sector made up 31 % of total final energy consumption in the EU-28 in 2017.

• Road transport (73 %) and aviation (13.6 %).

• Consumers used 3.25 and 8.63 million terrajoules (TJ) of energy from gasoline and diesel respectively in the

transport sector. Together they consumed 92.8 % of the 12.8 million TJ of energy needs in the road transport

sector.

• EU targets of reducing GHG emissions by a minimum of 80 % by 2050.

• In 2017 only 0.04 % of road transportation in EU-28 was driven on electricity.

There are different approaches to shifting the transport sector to a more renewable model. Different kinds of fuel

needed by various transportation methods are directly linked to their use and characteristics. Rail transport can be

electrified directly from the grid, while personal vehicles, trucks, ferries, ships, and planes need some form of inbuilt

storage if they are to use electricity as fuel. Typically, these electric transportation methods use either batteries or

hydrogen for fuel cells as storage. Both these technologies can, however, help also with the problem of limited

flexibility in the grid.



ELECTRICAL SYSTEM – SECTOR COUPLING
Challenges:

• increasing number of electric vehicle

• troublesome for grid providers if charging times coincide

with residential peak hours and if there is no means for

their control.

EV could be considered as more than simply passive loads.

They hold the potential to be a service provider beyond that

of transportation. EV batteries are a relatively large load

compared to other residential loads, but they are idle more

than 90 % of the time. If EV were somehow to be connected

when not in use, their aggregated potential could provide a

quick response buffer for the grid, draining their batteries in

peak hours and charging them in times of otherwise low

demand. If managed properly, EV could supply the grid with a

source of flexibility, making them an asset for DSOs.



Thank you for your time!
Contact us in case of any questions
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