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Emerging technology can be defined as "a radically novel and relatively fast growing technology
characterised by a certain degree of coherence persisting over time and with the potential to exert a
considerable impact on the socio-economic domain(s) which is observed in terms of the composition of
actors, institutions and patterns of interactions among those, along with the associated knowledge
production processes. Its most prominent impact, however, lies in the future and so in the emergence
phase is still somewhat uncertain and ambiguous.”
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Sensible heat - Pit heat storage for seasonal storage

Hot water storage also come into consideration for seasonal storage, i.e. when we want to store
the heat available in the summer for the winter.

Studies show that such systems are economically viable.

Seasonal hot water storage are feasible in larger district heating systems and in this case it can
happen that hot water tanks do not provide enough storage space, and other solutions such as
a pit heat storage needs to be considered.

A pit heat storage is a large water reservoir for storing of thermal energy. Water is an excellent
medium for heat storing as it is cheap, non-toxic and has a high heat capacity. The cost of a
water storage mainly consists of the parts surrounding the water: A watertight tank and a
thermal insulation.

For smaller storages (up to 5 000 m3) typically an insulated steel tank is used but for larger
storages a pit heat storage is considerably cheaper per m3 water (app. 1/4 of a steel tank).

The principal structure of a pit heat storage is quite simple as it consists of an excavation in the
ground covered with a water tight liner.
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HEAT STORAGE

Pumping well
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Shape and soil balance

« Different shapes are possible but is an excavation shaped as a truncated pyramid placed upside
down in the ground.

 To minimize the cost of soil handling and transportation the excavation is made with soil
balance which means that the soil excavated from the bottom part of the storage is used as
embankments around the upper part of the storage.

e The necessary volume of the storage depends on the overall system it is connected to and it is
necessary to make a calculation model of the overall system to find the optimal volume.

Lining materials

« Water tightness of a pit heat storage is obtained by covering the soil with a liner.

« Depending on the specific cover design a liner is also used for the insulated cover construction.
The service life of a pit heat storage is very much dependent of the liner.

» Water sealing with special clay has been tested in earlier pit heat storages with poor results and
at the moment applicable liners for pit heat storages are considered different types of polymer
liners (PP, PE)elastomer liners (EPDM) and different kinds of metal liners (stainless steel,
aluminium).
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Floating cover

The top surface of the pit heat storage is covered by an insulated floating cover. The cover is the most
expensive part of the storage and therefore a lot of effort has been put into investigations of different
designs and materials. The overall designs investigated in Denmark can be divided into three categories

1- Cover based on flexible insulation mats
2- Cover based on Stiff insulation elements
3- Cover based on bulk insulation
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Latent heat (PCM) - Ice storage

« PCM/ice storage allows the use of the potential of latent heat to store thermal energy.

» The ice storage system uses water/ice in a tank solar absorber or PV panels, and heat pump.
As the heat exchanger is used, the air/water type is antifreeze.

» This technology can be used for new or existing buildings.

« In general, it allows using the low-potential heat from sources such as earth, water, air. PCM
storage (ice tank) is the main part of this system.

« The big advantage is that in addition to the classic solar
thermal circuit (heat from the air and solar radiation), this
system also has another circuit with the ice tank. Thanks to this,
it is possible to store part of the thermal energy from
renewable sources in the ice tank for future usage.

Heat pump Ice storage system
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Latent heat (PCM) - Ice storage

Water has many advantages as large heat capacity, low cost, and very common applications in the
engineering field.

Water behaves like PCM in the temperatures applicable in the winter and heating season. PCM can
gain and store thermal energy under certain circumstances. Thermal energy can be stored in three
main forms, the sensible heat, latent heat, and thermo-chemical energy.

The PCM offers a space how to use latent and sensible heat. The latent heat is especially one of the
most usable energy forms in the field of this type system. Thanks to the specific heat capacity of
water, it is possible to store part of the thermal energy from the sun into the tank (the ice storage).
The phase change from liquid water to solid ice at 0 °C releases as much latent heat as is necessary to
heat the same amount of water from 0 to 80 -C. This represents a huge amount of energy.
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Pumped hydro

« Therising share of renewables is forcing the development of storage solutions. There is not only the
development of new technologies but also the further development of old existing technologies,
where the goal is to eliminate their disadvantages and make them ready to face future storage
challenges.

« Pumped hydro is a mid-century storage technology where water is moved from a low to high
reservoir and when needed back to the lower reservoir where electricity is generated. This technology
represents a high investment but once built it boast a very low cost of storage and the they can hold
massive amounts of energy compared to other storage solutions.

« The main problem is that it is extremely difficult to build new pumped-hydro storage plants, due to
their impact on river ecosystems and surroundings.

* The solution are isolated reservoirs that don't disrupt river ecosystems; this simplifies permitting, but
projects still face a decade-long development timeline and huge financial investments.
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Stacked blocks

« The concept is that a crane stacks concrete blocks into a tower and drops them down again and
generate power when needed.

« The science behind stacked block storage: When you lift something against gravity, you store energy
in it. When you later let it fall, you can retrieve that energy.

» The round-trip efficiency of the system, which is the amount of energy recovered for every unit of
energy used to lift the blocks, is about 85 % - comparable to lithium-ion batteries which offer up to
90%.

* Projects are already being developed.
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Flywheels

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.
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Flywheels

* 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.



©)

ai S E=e

Danube Transnational Programme

How Flywheel Energy Storage Systems Work

Flywheel energy storage systems (FESS) employ
kinetic energy stored in a rotating mass with very low
frictional losses. Electric energy input accelerates the
mass to speed via an integrated motor-generator. The
energy is discharged by drawing down the kinetic
energy using the same motor-generator.

ELECTRICITY STORAGE
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« To optimize the energy-to-mass ratio, the flywheel must spin at the maximum possible speed. Rapidly
rotating objects are subject to significant centrifugal forces however, while dense materials can store
more energy, they are also subject to higher centrifugal force and thus may be more prone to failure
at lower rotational speeds than low-density materials.

» Low-speed flywheels are built with steel and rotate at rates up to 10,000 PRM. More advanced FESS
achieve attractive energy density, high efficiency and low standby losses and they operate at a
rotational frequency in excess of 100,000 RPM. FESS are best used for high power, low energy
applications that require many cycles.
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Flywheels in public transport

There are various approaches to integrating flywheel
storage systems in local public transport. Integration in
buses is not feasible because the effort involved in
converting to an electric drive, the large amount of space
required for the flywheel and the deterioration in driving
characteristics severely limit the use of flywheels. Such a
bus ("Gyrobus") was operated in Switzerland in the 1950s.

AC propulsion
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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.
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How Redox Flow Batteries Work

« Redox flow batteries (RFB) represent one class of
electrochemical energy storage devices.

 The name “redox” refers to chemical reduction and oxidation
reactions employed in the RFB to store energy in liquid
electrolyte solutions which flow through a battery of

electrochemical cells during charge and discharge. P ——
* During discharge, an electron is released via an oxidation * C* +e — C* (reduction)
. . . . . K [ 3 N 3+ -
reaction from a high chemical potential state on the negative Ch‘ A" +e (oxidation)
. arge reaction

or anode side of the battery. The electron moves through an * C* — C* +e (oxidation)
external circuit to do useful work. Finally, the electron is SHEREE-TET e
accepted via a reduction reaction at a lower chemical potential
state on the positive or cathode side of the battery.

« The direction of the current and the chemical reactions are
reversed during charging.
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» The voltage developed by the RFB is specific to the chemical species involved in the reactions and the
number of cells that are connected in series.

* The current developed by the battery is determined by the number of atoms or molecules of the
active chemical species that are reacted within the cells as a function of time.

» The power delivered by the RFB is the product of the total current and total voltage developed in the
electrochemical cells. The amount of energy stored in the RFB is determined by the total amount of
active chemical species available in the volume of electrolyte solution present in the system.
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Redox flow systems are currently used for four areas of application:

1. Peak load compensation and voltage support
The pure vanadium redox flow cell and the zinc / bromine cell are already being used in this area,
especially in the USA and Japan.

2. For the provision of control- and balancing-energy

Due to the future increase in decentralized generation plants and the associated increasing demand for
control and balancing energy, the redox flow cell technology can be a way of providing or compensating
part of this energy required locally.
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3. As backup / UPS systems for emergency power supply and for operating island networks
Excess wind energy is temporarily stored on King Island (Australia) by a redox flow cell (200/800 kWh)
and fed into the grid when required. The island network is operated by a vanadium redox flow cell that
supplies 1,800 people with electricity.

4. As storage in electromobility

In electromobility, the use of redox flow batteries could have a decisive advantage over lithium-ion
batteries in that the charging times could be significantly reduced.

The big disadvantage compared to lithium-ion technology is the even lower energy density, which affects
the range.

At the moment, the range of a vehicle operated with a redox flow cell is only around a quarter of the
range of a vehicle in which lithium batteries are used.
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Salt water batteries
Just like any battery technology, saltwater batteries store electricity for use at a later time.
The main difference between saltwater batteries and other energy storage options (for example, lithium-

ion and lead-acid batteries) is their chemistry. In saltwater batteries, a liquid solution of salt water is used
to capture, store, and eventually discharge energy.
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Advantages of saltwater batteries

Safety

While commercially-available batteries (like the Tesla Powerwall or LG Chem RESU) are safe for use,
saltwater batteries excel in this category. The saltwater in the system means that there is essentially no
fire risk with saltwater battery technology. Additionally, saltwater batteries don’t use the same toxic
metals and other materials that most lead-acid or lithium-ion batteries use.

Easily recyclable

Another advantage of the lack of heavy metals and toxic materials in saltwater batteries is that they're
easier to recycle. As the use of batteries continues to increase worldwide, having plans in place for
recycling used battery components will be essential to making batteries a truly sustainable energy
technology.
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Supercapacitor

« Supercapacitors are electrochemical capacitors.

« 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.
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A supercapacitor is a double-layer capacitor that has very
high capacitance but low voltage limits.

They consist of two metal plates, which only are coated with
a porous material known as activated carbon. As a result,
they have a bigger area for storing much more charge.

The plates are immersed in an electrolyte made of positive
and negative ions dissolved in a solvent. When a voltage is
applied, two separate charged layers are produced on the
surface with a small separation distance.

ELECTRICITY STORAGE
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Supercapacitors have many advantages:

* They maintain a long cycle lifetime—they can be cycled hundreds of thousands times with minimal
change in performance. A supercapacitor’s lifetime spans 10 to 20 years, and the capacity might
reduce from 100% to 80 % after 10 years.

« Thanks to their low equivalent series resistance, supercapacitors provide high power density and high
load currents to achieve almost instant charge in seconds. Temperature performance is also strong,
delivering energy in temperatures as low as —40°C.

« On the other hand, supercapacitors are offset by their low energy density. Thus, they can't be used as
a continuous power source. One cell has a typical voltage of 2.7 V; if higher voltage is needed, the
cells must be connected in series.



N

!ﬁiéwég Ed
Dangbe Transnational Programme EL ECT RICITY STO RAG E

Application of supercapacitors in Wind power plants

« In some operating situations, the rotor blades of wind turbines have to be rotated out of the wind or
the angle of the rotor must be changed at high wind speeds in such a way that the wind turbines are
not damaged. This is done with the help of electric motors. For a short period of time, a very high
power is required here, which can be provided by a supercapacitor.

« Since capacitors have a low maintenance requirement compared to batteries, they are particularly
suitable for this task in difficult-to-access wind turbines.

« Supercapacitors are already used in more than 20,000 wind turbines. The dimensioning is based on a
service life of around 15 years or 500,000-1,000,000 charge/discharge cycles.
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Application of supercapacitors in transport sector

Supercapacitors can be used in rail vehicles to utilize braking energy, known as recuperation. When
rail vehicles are braking, the kinetic energy is irreversibly converted into heat and thus lost for further
use. If, for example, a rail vehicle with a mass of 100 t and a speed of 100 km/h is breaking to 0 km/h,
38.58 MJ of thermal energy is released. Instead of converting this energy into heat, it can be fed to a
storage unit and made available to the vehicle again when it accelerates later.

The properties of the supercapacitor are of great advantage here: high power density with a
comparatively small size for the possibility of rapid charging and discharging due to the high current
carrying capacity.

With the help of recuperation, energy savings of up to 30% are possible.

This system for using braking energy can also be used in road traffic in fuel cell buses or in electric
and hybrid vehicles.




vlnterreg -

aaaaaaaaaaaaaa

Partner logo

LESSON 3.1 EMERGING TECHNOLOGIES
— SECTOR COUPLING

Project co-funded by the European Union (ERDF, IPA).



((
)))\

Interreg B
e POWER TO HEAT/COLD

Trigeneration

« Combined cooling, heat and power (CCHP), is the process by which some of the
heat produced by a cogeneration plant is used to generate chilled water for air
conditioning or refrigeration. An absorption chiller is linked to the combined
heat and power (CHP) to provide this functionality.

« Trigeneration systems further optimise CHP efficiencies by making use of the
(waste) heat that is produced for the purpose of heating and/or cooling.

* CCHP increases the flexibility of waste
heat utilisation as the process can be
adapted to seasonal variations of
heating and cooling energy demands.

Line Losses
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Absorbtion technology

A proven and widespread thermal chiller technology, especially within the trigeneration market.
Technology used to utilise low-quality waste heat from power generators, including cogeneration
systems for cooling demand.

Due to the fact that absorption chillers often use corrosive lithium bromide (LiBr) salt as a refrigerant,
these systems usually have high maintenance costs as a consequence of corrosion effects.
Absorption chiller capacities typically start from several hundred kW, ranging up to multi-MW
chillers. Specialised products even start from capacities as low as 5 kWel up to 20 MWel and more for
high cooling energy demands.

HEATING GAS
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Adsorbtion technology

Relatively new technology

Based on the interaction between gases and solids.

Adsorption chillers operate on the principle of adsorption rather than absorption, namely that
molecules adhere to the surface of an adsorbent rather than being dissolved. The adsorption chamber
of the chiller is filled with a solid material (for example zeolite, silica gel, alumina, active carbon and
certain types of metal salts), which in its neutral state has adsorbed the refrigerant (in most cases
water). When heated, the solid desorbs (releases) refrigerant vapour, which subsequently is cooled
and liquefied. This liquid refrigerant then provides its cooling effect at the evaporator, by absorbing
external heat and turning back into a vapour. In the final stage the refrigerant vapour is (re) adsorbed
into the solid. Once the material is saturated, adding heat into the supply will again regenerate it. This
process results in intermittent cooling.
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« Power to gas is a process where surplus renewable electricity is converted into hydrogen gas.

« The process is done through PEM (proton exchange membrane) electrolysis and the produces
hydrogen can be injected into the natural gas grid or stored in tanks.

» Direct injection into the NG grid is costly the most effective solution but it can be done only at a low
concentration. Several studies suggest that up to 20 % hydrogen blend should be possible and where
no serious safety issues are to be expected.

« Other option is to convert the hydrogen further to methane and completely inject it to the natural gas
grid.
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Renewable hydrogen

Excess renewable electricity is used to convert water into renewable hydrogen by employing the process
of electrolysis. Electrolysis splits water (H20) into hydrogen gas (H2) and oxygen gas (0O2) in a piece of
equipment called an electrolyzer that contains an “anode” and a “cathode” separated by an electrolyte or
membrane.

As electricity flows through the electrolyzer the water releases oxygen and hydrogen. The oxygen is
usually released into the atmosphere but the hydrogen is captured and can be mixed with natural gas
and stored in the pipeline system.

Creates Stored in
Surplus Renewable Powers Renewable Pipeline System
Electricity Electrolysis Hydrogen Gas for Later Use
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Renewable Natural Gas

Converting the renewable hydrogen into renewable natural gas (methane) adds an additional step after
the electrolysis process called methanation. When methanation is accomplished using a biological
process it is called biomethanation.

In biomethanation, the renewable hydrogen is combined with carbon dioxide (CO2) and fed into a
bioreactor in which single-celled microorganisms ingest the hydrogen and carbon dioxide and expel
methane (CH4) to produce renewable natural gas (RNG).

The resultant RNG can then be injected into the natural gas pipeline system and can be used In
everything from home appliances to industrial processes, engines and power plants.

Mixed with Microorganisms Stored in
Renewable Carbon Fedinto Generate Pipeline System
Hydrogen Gas Dioxide Gas Bioreactor Methane (RNG) for Later Use
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