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ENERGY STORAGE AND SECTOR COUPLING 
IN THE EU AND DANUBE AREA

Decarbonisation is the main topic in the EU for the next decades. The main input to the

power grid will be renewable electricity by wind and photovoltaics. A higher share of

fluctuating renewables in the power grid causes a variety of challenges connected with the

stability of the power grid. With energy storage and sector coupling it is possible to face these

challenges.

GOALS and CHALLENGES:

• Reducing the GHG emissions by 80 – 95 % by 2050 compared to 1990 levels

• Not to compromise the security of energy supply and to keep the energy prices affordable.



ENERGY STORAGE AND SECTOR COUPLING 
IN THE EU AND DANUBE AREA

Solution?

SECTOR COUPLING

The main idea of sector coupling is to integrate all sectors (electricity, gas, heat, transport, and

industry) and to use the energy that is generated in one sector in another sector.



ENERGY STORAGE AND SECTOR COUPLING 
IN THE EU AND DANUBE AREA

BARRIERS

1. Techno-economic barrier:
• Many technologies are still under development.
• Not yet competitive.
• The necessary design and operation standards have to be developed.
2. Low price of fossil fuels:
• Restrictive market conditions because fossil fuels are still available at comparatively low prices.
• Competing of more profitable applications of certain resources like for example biomass.
• Absence of stability in regulatory and market condition leads to uncertainty on the business case and

deters investments.
3. Resource limitations
• Are affecting the viability of sector coupling technologies in certain regions.
• Availability of suitable infrastructure.
4. Policy and regulatory barriers:
• Lack of policy support.
• Current design of the energy market.



SECTOR COUPLING in the DANUBE AREA

“Southeast European power system in 2030”

• In 2030, renewables will provide 50 % of SEE power demand

• Wind and solar – weather dependent,
• Energy storage is becoming the key in the next phase of the energy transition in all Danube

countries.

• Challenges for medium-sized and smaller cities.



SECTOR COUPLING DEFINITION

Sector coupling refers to the connection of the sectors electricity, heat, transport via energy storage

and energy converters (according to Sterner, Stadler 2017: 28). In the course of the CSSC-Lab project,

the term is applied to examples that contribute to the decarbonisation of the three sectors and to the

reduction of energy consumption through the use of renewable energies, while relying on decentralised

solutions. In addition, the project should aim at a societal added value and at least two sectors should be

coupled.

Source: Sterner, Michael/ Stadler, Ingo (Hrsg.) (2017): Energiespeicher. Bedarf,

Technologien, Integration. 2. Auflage, Springer Verlag, Berlin Heidelberg.



CHALLENGE: How to „electrify” each sector

Fossil free electricity is a prerequisite for electrification as a driver for decarbonisation. Reason for

electrification is also the fact that electric devices are often more efficient than fossil fuel based

alternative. In this sense, electrification of energy demand and sector coupling is one of the core

strategies in the decarbonisation of the energy sector.

1. Power sector

Substituting electricity generated from coal, natural gas, and nuclear plants with power from wind, solar,

biomass, water, or geothermal installations.



CHALLENGE: How to „electrify” each sector

2. Buildings (heating and cooling)

• Heating and cooling sector represents half of the energy consumption in the EU,
• 75 % of energy supplied by fossil fuels (European Commission 2016).
• Buildings, including residential and services sectors, currently account for 40 % of the total final energy

consumption in the EU.
• The residential sector is responsible for 54 % of heating and cooling consumption, followed by services – 21 % and

industry - 24% (final energy - 2015 data).
• Fossil fuels still represent the highest share of the fuel mix in the European heating sector for the residential and

tertiary sector (62 % and 57 % for the space heating and DHW uses respectively).
• around 40 %, relies on low carbon technologies – such as district and electric heating, as well as renewable fuels,

namely biomass.

Technologies to increase the share of renewables in the heating sector include the use of biomass, solar thermal and
geothermal installations, heat pumps, power-to-heat and power-to-gas installations.
Heat pumps are considered a key technology to integrate the heating sector into the electricity-based energy system.
Another power-to-heat solution uses excess electricity (e.g. in times of very high renewables generation from wind or
solar) to heat substantial amounts of water, which is then circulated in district heating networks. Excess heat from
biogas plants can also be used in such heating networks.
Synthetic gases, generated in power-to-gas installations that use electricity to make hydrogen (electrolysis) and add
CO2 to create methane (natural gas), can also be used in the heating sector instead of fossil natural gas.



CHALLENGE: How to „electrify” each sector

3. Mobility

• Transport is the fastest growing energy consumer in the EU. Since 1985, a 47 % increase took place in

the transport sector, compared with 4,2 % for the other economic sectors.

• Currently, more than 30 % of final energy in the EU is consumed by transport.

• Key technologies to decarbonise the transport sector include the use of compressed natural gas

(CNG), biofuels, batteries, hydrogen, or synthetic fuels.

• Transport sector as a part of the interconnection with the power system, either directly (batteries,

charged with electricity) or indirectly, in power-to-gas (hydrogen or synthetic natural gas) or power-

to-liquid (liquid synthetic fuels produced in a similar procedure to power-to-gas) applications.

• For long-distance heavy-duty transport, especially freight road transport, shipping and aviation, a

combination of hydrogen and hydrogen-derived synthetic liquid fuels might become suitable

solutions.

• In the area of individual mobility, decarbonisation can be largely realised through a shift to battery

electric vehicles.



ENERGY STORAGE

Energy storage refers to the capture of energy produced at one time for the use at a later time in order to

reduce the imbalance between energy demand and energy production. Energy storage involves

converting energy from forms that are difficult to store to more conveniently or economically storable

forms.

Classification of energy storage

1. Physical energy classification

2. Time classification

3. Spatial classification



ENERGY STORAGE

1. Physical energy classification

o Mechanical

o Electrochemical

o Electrical storage

o Chemical storage

o Thermal storage

- Sensible heat storage

- Latent heat storage

- Thermochemical heat storage



ENERGY STORAGE

2. Time classification

o Short-term energy storage

• Secondary storage: flywheels, superconducting electromagnetic energy storage, supercapacitors

as well as batteries

• Minute storage: batteries, sensible heat storage

• Hourly storage: batteries, pump storage, compressed air storage, sensible heat storage

• Daily storage: batteries, pump storage, compressed air storage, sensible heat storage

o Long-term energy storage

• Long-term storage systems can hold energy for many days and weeks up to several months and

years (t ≥ 24 h).



ENERGY STORAGE

3. Spatial classification

o Centralized

Central storage facilities are large, mostly stationary units such as pump storage or oil and gas caverns.

They are tied to geological and topological conditions, which can be a disadvantage.

o Decentralized

Decentralized storage systems are distributed, small and modular storage units. They go well with the

decentralized nature of renewable energies. Example is household battery storage in photovoltaic

systems. The structure is not tied to specific environmental requirements, but with increasing storage size

their economic viability is becoming questionable. Decentralized storage can also be controlled from one

point, e.g. in a virtual power plant.



ENERGY STORAGE

Spatial classification

o Dual use

Some storage systems can also serve two purposes. Batteries in an electric car can be used to power a

house or, after their use in mobility, can be used in stationary areas (Second Life). Hot water storage

tanks or district heating networks can be retrofitted with an electric heater (immersion heater, electric

heat pump), which can be used to store excess wind or solar power.

o Stationary

Stationary storage facilities are tied to a specific location. These mainly include central storage such as

pumped storage, cavern storage, aquifers or local energy storage, but also decentralized storage such as

small compressed air storage. Central, stationary storage facilities can often not be set up at the point of

generation. The necessary transport of electricity, heat or fuels results in transmission losses that are

disadvantageous.

o Mobile

Mobile storage devices such as batteries or fuel tanks can be positioned in one place for a short or long

term, depending on requirements.



SECTOR COUPLING POLICY BACKGROUND

o The energy sector is undergoing phenomenal changes.

o EU increased its GHG emission reduction targets to at least 55 % by 2030 and 80 – 95 % by 2050,

below 1990 levels.

o EU Green Deal and the Clean Energy Package added legislative support to the EU’s climate targets.
o The EU green deal plans investments of more than 1 trillion euro in clean, affordable energy &

mobility while aiming to decarbonize transport, heating, and industry.

o Sector coupling is gaining attention due to decarbonisation potential it offers.



LESSON 1.1 HEATING SYSTEM – ENERGY 

STORAGE 
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• Sensible heat storage

• Latent heat storage

• Thermochemical storage



THERMAL STORAGE

Thermal energy storage methods are the most economical among all proposed grid-scale energy storage

solutions. Several methods to store thermal energy can be classified into three main categories:

1. sensible heat;

2. latent heat;

3. thermochemical reactions.



SENSIBLE HEAT STORAGE

The most widely used form of thermal energy storage in the power generation sector is sensible heat

storage. In sensible heat storage, the temperature of the storage medium changes perceptibly, it is

heated or cooled. As a rule, the temperature differences between the storage medium and the

environment are greater than in other storage systems, which is why insulation is of central importance.

The storage medium can be liquid such as water, molten salt or solid (sand, ceramics, concrete, rocks).

Sensible heat storage systems are often used in building services for the operation of buffer storage

tanks. However, they are also suitable as seasonal storage units.



SENSIBLE HEAT STORAGE

Energy efficiency impact Degree of efficiency 45 – 75 

Lifetime (cycles) 5000 

Lifetime (years) - 

Scalability  medium 

Costs Investment costs (€/kW) 80 - 130 

Technical requirements Special requirements Depending on construction 

and size, space for basin or 

tank, gravel pit or water 

tower necessary 

 



SENSIBLE HEAT STORAGE

Advantages:

 Cost-effective;

 Proven and simple technology;

 The most widespread method of storing thermal energy;

 Often implemented in combination with solar energy;

 Sensitive heat storage is necessary for the use of geothermal energy, heat pumps and to make

cogeneration more flexible, and represents an opportunity for district heating.

Disadvantages:

 Efficiencies are in the medium range;

 High self-discharge in stand-by;

 Depending on the design, impacts on nature and the landscape are to be expected.



SENSIBLE HEAT STORAGE
Hot water storage

The use of water tanks is one of the most well-known technologies for sensitive heat storage. The tank is

used to store thermal energy in combination with solar systems, with district heating systems or in the

case of cogeneration systems. Such storage tanks are also important in electrically heated domestic hot

water systems, as they reduce peak consumption. Further improvement of energy storage efficiency is

ensured by optimal stratification in the tank.



LATENT HEAT STORAGE

Latent heat storage relies on the phase changes of the medium, for instance, from solid to liquid, that

use latent heat to store energy. These materials normally include:

 Organic materials, paraffin or non-paraffin-compound. They are mostly used for heating and cooling

applications in buildings as their melting point ranges around 20 – 32°C. They are chemically stable,
non-corrosive and non-toxic with heat capacity, but are flammable.

 Inorganic phase changing materials like metallic alloys and salt compositions, with the latter mostly

used in solar thermal applications. They offer high heat capacity, better thermal conductivity and

rather low material cost. In contrast, they are corrosive and cool down quickly.

 Eutectic mixtures can be of three types: organic–organic, organic–inorganic, and inorganic–
inorganic. They are generally used in building applications.



LATENT HEAT STORAGE

Energy efficiency impact Degree of efficiency 75 – 90 

Lifetime (cycles) 5000 

Lifetime (years) - 

Scalability  medium 

Costs Investment costs (€/kW) 80 - 160 

 



LATENT HEAT STORAGE

Advantages:

 High efficiencies;

 Future low investment costs;

 High stored energy density;

 Research and development potentials are large.

Disadvantages:

 Technology still maturing;

 Costs relatively high.



LATENT HEAT STORAGE
Phase change materials



LATENT HEAT STORAGE

Paraffin Wax as a phase change material for Thermal Energy Storage

Paraffin wax is a good heat storage material in the low temperature domain as the Paraffin wax melting

process begins at a temperature of 42°C and ends around 55°C. A study has shown that within the same
temperature range paraffin wax had a thermal energy storage capacity that was approximately 2.5 times

greater than that of water in the same temperature range.

There are two main popular approaches to utilizing paraffin as PCMs in the built environment. Paraffin-

based PCMs can be integrated with solar thermal collectors to improve the system thermal efficiency,

meanwhile serving as on-site TES. Alternatively, they can be used as independent TES units coupling with

solar thermal collectors to provide continuous heat supply for the demand side. In both approaches, the

charging of paraffin with the heat generated needs to be fulfilled first, followed by the retrieval of the

heat using heat transfer fluids (HTFs) for specific applications (e.g. space heating or cooling).



LATENT HEAT STORAGE

Advantages of Paraffin wax

• Paraffin wax is an excellent material for storing heat;

• Paraffin cells are innovative buffer storages that have been developed to efficiently store heat and

cold generated from small irregular energy sources such as solar energy, heat pumps etc.;

• The ratio between size and capacity when comparing paraffin and water storage is more favourable

(less volume) for paraffin storage;

• Low temperature of changing the aggregate state (low temperature of geothermal DH system);

• Maximum energy loading capacity in relation to the temperature regime.



LATENT HEAT STORAGE

Applicability and advantages for a Municipality

• It can be used in connection with district heating where the challenge is to provide an adequate

flow temperature – e.g. in the case that the last connections in the grid have to low inlet temperature;

• Good possibility where we have limited room space as paraffin storage requires less room space as

conventional water storage;

• Good solutions for historic buildings where there are usually restrictions on possible interventions.



LATENT HEAT STORAGE
Use Case:

Municipality of Lendava (Slovenia) is installing a paraffin-

based latent heat storage in the local library building. At the

same time, the library will be connected to the geothermal

grid.

The main challenges that led to the decision of Paraffin wax

storage were the location of the building, cultural protection

and limited space for storage. The building is going to be

connected to the Geothermal district heating system and will

be the last connection in the network. It has shown that the

inlet temperatures will be too low to sufficiently heat the

building in the normal intermittent heating mode. Insulation

of the façade would lower the energy demand but as it is a
protected historic building, there are restrictions on RUE

measures. Energy storage offers a solution but in the

boiler room it is not enough room space to install

conventional water storage tanks. The pilot site is a city library, profane building heritage. The building

is a ground floor, neo-Baroque villa from 1906.



LATENT HEAT STORAGE
The main goals of the project:

• Increase of energy efficiency: 5,5 % or 3 MWh;

• Implementation and presentation of an innovative way of energy storing;

• Integration of political decision makers/public sector in the development and

implementation process of the pilot project – as a basis for further promotion of the

project to other sectors and integration of measures into the policies;

• Reduction of energy consumption/share of fossil fuels: 60 MWh (current consumption of

heating oil in Lendava Library);

• Reduction of CO₂ Emissions Pollution: 16,8 tons of CO₂ (geothermal energy has an CO₂
emission factor of “0”);

• Exploitation of renewable energy – geothermal energy: 57 MWh (savings related to energy
storing included.



THERMOCHEMICAL STORAGE
Thermochemical storage uses chemical reactions to store energy. It is based on the reversible chemical

energy which absorb heat for storage and then releases it. The storage is “charged” by the endothermic

reaction and is later discharged by an “exothermic” one.

Here the decomposition process is endothermic, meaning that the energy is absorbed, while the reverse

synthesis reaction is exothermic and results in giving stored heat back. The most common reaction used for this

process is the hydration of salts.

During the energy storage phase, the chemical compounds are stored separately at ambient temperature, there

is no thermal loss except for initial cooling, however, some other losses may be associated with the

degradation of materials.

Thermochemical energy storage systems provide high energy storage density and are considered as a

promising technology. Still, this technology remains expensive: the cost of the equipment is still very high

compared to other technologies and the medium itself, even though the latter is also relatively expensive.

Overall, thermal energy storage, in general, offers relatively low cost and flexibility in sizing up to large scale for

solar thermal power plant operation.



LESSON 1.2 HEATING SYSTEM – SECTOR 

COUPLING

Partner logo

• District heating

• Individual systems

• Industry



SECTOR COUPLING

• Energy consumption for heating and cooling is responsible for a significant share of the GHG

emissions and is one of the most important energy end-uses in the EU.

• Around half of the final energy demand in the EU is used for heating and cooling purposes in

buildings and industry; over half of this is used for space heating and about one third as process heat

in industry.

• Peak demand for heating or cooling is a crucial aspect in the design of energy infrastructure, and heat

demand represents the highest peak energy demand among the end-uses.

• Several technologies are available to decarbonise the energy demand for heating and cooling through

sector coupling. These include the direct use of renewable energy such as geothermal energy, solar

heat, or biomass for heating purposes, or the indirect use of renewable energy via the electrification of

building heating systems and the use of electric heat pumps.



DISTRICT HEATING

District heating is covering 12 % of European heat demand. In some countries wood biomass is the most

frequent source used for district heating. It is to be expected that district heating systems based on

renewable sources will increase in the future. Some technologies are already competitive with fossil

fueled district heating.



DISTRICT HEATING

Combination of a CHP and a P2H – module

One possibility of realizing power to heating in district heating is the combination of a cogeneration

plant and a power-to-heat-module (heating rod or electrode boiler) feeding heat into a heat grid system

or a heat storage, using surplus electricity from renewable sources. Using biomass or fossil fuels, a CHP

unit generates heat, which is fed into a heat storage tank or into the heating network. In times of

electricity surpluses from renewable energies, electricity is converted into heat by the power-to-heat

module, stored or immediately transferred to the heating network. During these times, the CHP can be

scaled back and resources saved.



DISTRICT HEATING

Advantages:

 Short response times of the CHP and P2H mode;

 Flexible reactions to fluctuations in the power grid possible,

 Contribution to security of supply.

 Utilization and storage of electricity surpluses from renewable energies.

 In times of abundant electricity, saving of resources for the CHP plant.

Disadvantages:

 Availability of renewable electricity with sufficient utilization necessary;

 Acceptance for this type of power-to-heat solutions is limited.



INDIVIDUAL SYSTEMS

Indirect use of renewable energy in heating through

decentralized technologies.

• Electric heat pumps are the option with the best

technical performance. Heat pumps are attractive

because of their high coefficient of performance; they

provide about three times more thermal energy than

their electricity consumption, while other

technologies have a coefficient of performance of

less than 1.

• Electric resistive boilers and combined heat and

power (CHP, the main approach to large buildings

and district heating) can be valuable alternatives or

supplementary options to heat pumps.



INDIVIDUAL SYSTEMS

Heat pumps

• A heat pump absorbs ambient heat, e.g. from the air, groundwater or the earth. In the process, a

refrigerant heats up in the evaporator, which changes from the liquid to the gaseous state.

• In an electronically driven compressor, the pressure on the gaseous refrigerant is increased, further

raising the temperature of the medium. The heat is then transferred to the heating water, and the

gaseous refrigerant cools down and becomes liquid again. Still under pressure, it is expanded in an

expansion valve, cools further and flows again into the evaporator.

• Depending on the type, heat pumps vary in efficiency. The use of a heat pump with surface heating is

particularly efficient at temperatures below 35°C.



INDIVIDUAL SYSTEMS

Ground source heat pumps

Whether with geothermal probes or flat-plate collectors, ground heat pumps work very efficiently.

Geothermal probes or geothermal collectors - if dimensioned correctly - work for several decades

without problems.

Groundwater heat pumps

Groundwater heat pumps work very efficiently due to the constant and high temperature of the water

source (around 10 °C according to regional conditions). Both the feasibility and the investment costs

depend heavily on the local conditions such as the groundwater level, water quality, approval procedures,

etc.

Outside air heat pumps

Outside air heat pumps are inexpensive to purchase and are particularly recommended for new buildings

and for very good renovations. They are a little less efficient than groundwater or ground source systems,

but clearly more environmentally friendly and less polluting than heating systems running on fossil fuels.



INDIVIDUAL SYSTEMS

Advantages:

 High energy efficiency;

 Heat pump takes about 75% of the energy needed
for heating from the environment. The remaining
25% of the energy is provided by electricity. This
makes the heat pump the most climate-friendly
form of heat generation, fuels are not required;

 Heat pumps require little maintenance and heating
costs are low;

 Heat pumps can be used in new and old buildings,

 Possibility of cooling in summertime.

Energy efficiency impact Degree of efficiency 0,33 kWhel per kWhheat 

Lifetime (years) 15 - 20 

Scalability  high 

Costs Investment costs (€/kW) - 

 

Disadvantages:

 High acquisition costs;

 Depending on the type, high
development costs and permits are
required;

 The soil condition is relevant for the
installation;

 In addition, the flow temperature may
be limited.



INDUSTRY
Electrode boilers

As a PtH-module, electrode boilers can be a solution for industrial companies with a high demand for hot

water and heat or, in combination with a CHP unit, contribute to the district heating supply (see PtH in

district heating). Electrode boilers work according to the "immersion heater principle", the technology

with a capacity above 5 MW has been tested for industrial companies for years and is now increasingly

used. Compared to other technologies, the specific investment costs are low.

Energy efficiency impact Degree of efficiency 1,0 kWhel per kWhheat 

Lifetime (years) - 

Scalability  high 

Costs Investment costs (€/kW) 100 - 200 

 



INDUSTRY

Electrode boilers

Advantages:

 Generation of high temperatures up to 500°C possible;

 Applicable in commercial and industrial operation;

 Short response times;

 Low operating times and flexible adaptation to fluctuating power feeds from renewable energies possible;

 Simple technology, many plants already in operation, no technical risk.

Disadvantages:

 Mode of operation "immersion heater principle";

 No efficient regeneration possible;

 Heat storage or good controllability of existing heat generation required;

 Significantly less efficient than the heat pump, but higher temperature range can be achieved.

 High demand for renewable electricity. Limited acceptance for PtH systems.
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