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Introduction

Purpose of this guidebook

This guidebook was created to accompany potential replicator 

cities through the CSSC Platform and its content. The CSSC 

Lab project has acquired a wealth of knowledge throughout 

its lifetime and wishes to share this with its stakeholders. It has 

been written in such a way as to make the project know-how as 

accessible as possible. 

What this guidebook is not:

– A step-by-step guide on how to install different CSSC technologies

– A financial guide on setting up demo centers

– A technical handbook
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About The CSSC Lab Project

City Storage and Sector Coupling Lab (CSSC Lab) is an INTERREG-

f inanced project, which run from July 2020 to December 2022. 

It tests and supports the roll-out of innovative city storage  

and sector coupling solutions at the municipal level in Europe. 

For this, it relies on the know-how of its 17 project partners and 12 

associated strategic partners. Since the partnership is made up 

of representatives from 11 Danube region countries including the 

Western Balkans, it demonstrates the relevance of city storage 

and sector coupling solutions in a variety of contexts.

It is widely recognised that there is immense potential for city 

storage and sector coupling in small and medium-sized cities 

in Europe. However, for this potential to be seized, capacities 

must be built at municipal level. Equipping local administrations 

with the necessary skills to implement city storage and sector 

coupling solutions will help boost such initiatives. This in turn 

will enhance energy security and energy efficiency locally while 

equally contributing to meeting the EU’s climate targets.

In order to achieve this, CSSC Lab also supports the launching of 

4 demo centers in four partner regions namely, Austria, Bulgaria, 

Croatia and Slovenia. Each lab tests a different technology and 

features a range of solutions for energy production, storage, 

utilisation and management. The main purpose of these centers 

is to serve as an example for municipal and city representatives 

as well as potential investors to encourage them to start similar 

projects at local level.

Other activities in the project such as the regional action planning 

process, the creation of model solutions and the capacity building 

programme for municipal actors will contribute to reaching the 



Danube Transnational Programme area
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@cssclab

www.cssclab.eu

CSSC Lab Platform

Find more at:

project goal of enhancing the application of CSSC technologies 

in the Danube region. The CSSC Lab Platform is a key tool for 

capturing all this expertise and making it available to relevant 

stakeholders and interested parties.
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Highlights from The CSSC Lab Project

Model solutions

Six model solutions have been identified, which are considered 

most appropriate for the cities in the region:

 1. Heat pumps

 2. Electric cars

 3. Batteries

 4. Latent heat storages in combination with photovoltaic   

systems

 5. Sensible heat storages in combination with photovoltaic   

systems

 6. Fuel cells combined with solar systems or heat pumps

Regional analyses

Analyses on the city storage and sector coupling (CSSC) 

potential of 10 countries were completed focusing on 19 target 

cities in Germany, Romania, Slovakia, the Czech Republic, 

Moldova, Montenegro, Bosnia and Herzegovina, Slovenia, 

Austria and Bulgaria.  

CSSC matrix for city storage and sector coupling technologies

This tool makes it possible for municipalities to identify different 

city storage and sector coupling solutions for their given city 

type and to build on the experience of Danube region cities 

with similar characteristics. 
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Capacity building and training programme

A total of 8 modules have been developed:

1.  Heat system – energy storage & sector coupling 

2. Electrical system – energy storage & sector coupling 

3. Emerging technologies & sector coupling applications 

4. Use cases and good practice examples 

5. Macro-economic energy market conditions 

6. Micro-economic factors influencing economic efficiency   

of CSSC installations in urban settings

7. Economic assessment of practice examples 

8. Business models and Financing solutions

Benchmarking Study

This study evaluates readiness of the targeted cities selected 

by the CSSC project partners regarding CSSC technologies. 

The evaluation is based on the current state of CSSC solution 

implementation, the types of technologies used and other 

information like the legal f ramework supporting CSSC.

 

cssclab.eu

The Guidebook for replicator cities

The Guidebook is the main reference frame on the online 

CSSC Lab platform and was created to accompany potential 

replicator cities in a structured way. There are also 7 language 

versions available for easier access on local level. 
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Key Concepts and Principles

City storage and sector coupling are growing in importance since 

there is an increasing urgency to decarbonise our economy. The 

European Union has made it its priority to move away from fossil 

fuels and to switch to renewable energy sources as far as possible 

to meet its energy needs. Geopolitical changes in Europe are 

likely to further reinforce the development away from importing 

oil and gas from outside the European Union.

While renewable energy is cleaner than fossil fuels, it also harbours 

numerous challenges.  Wind and solar energy are intermittent, 

which means that they are not always available when energy 

demand is highest. To deal with this, storage solutions are needed, 

which make it possible to release renewable energy when it is 

required.

Storage

The five main storage technologies are as follows:

1. Pumped Hydro Storage – As one of the oldest and most widely 

used electricity storage technologies, this approach relies on 

pumping water uphill to a reservoir. Then, when electricity is 

needed, the water is released from the reservoir to start a turbine 

and a generator, which in turn produces energy. 

2. Thermal Energy Storage – This is energy storage in the form 

of heat. It works by running an electric hot water boiler when 

electricity is abundant and using the hot water at a later point 

in time. This can also be applied to heating, refrigeration and air 

conditioning systems. 
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3. Batteries – Batteries can store electrical energy in the form of 

chemical energy. Moreover, they can also be employed for 

frequency control, the temporary shift of consumption, and the 

flattening of demand peaks. In addition, they can serve as local 

buffers to store variable renewable energy close to the source of 

production for later local use or be injected into the grid during 

times of high demand and high prices.

4. Compressed Air Energy Storage – In times of excess electricity,  

a reversible motor/generator unit is utilized to inject air into  

a storage vessel, which is then stored in the form of high-pressure 

air.  Later, when electricity is required, the stored compressed air 

is released, heated and its energy is captured by turbines. 

5. Gas and liquid storage – With this method, gas (mainly methane) 

or liquids are compressed or absorbed in porous material under 

low pressure.  They are then released when energy is needed.
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Key Concepts and Principles

Sector Coupling

Sector coupling has the potential of making our entire energy 

system “greener”. It does this by replacing fossil fuels in sectors 

such as buildings, transport and industry through either end-use 

sector coupling or cross-vector integration. Combined, energy 

storage and sector coupling represent efficient ways to overcome 

the challenges posed by the integration of renewable energy 

sources into the energy system.

End-use sector coupling

This refers to using carbon-free electricity in end-use sectors.  For 

example, electricity generated through solar power is fed into 

the transport, heating or industrial sector and used to replace 

fossil fuels. This is already happening with electric vehicles, which 

do not rely on gasoline to function. Another alternative is using 

electric heat pumps to substitute fossil-fuelled furnaces in the 

heating sector. For this to be rolled-out, electricity generation 

capacity must be invested in.

 

Cross-vector integration or “power-to-x”

With this form of sector coupling, end-use sectors such as the 

transport sector indirectly run on green electricity. This is achieved 

by using renewable electricity to produce heat as well as gaseous 

or liquid energy carriers, which are then employed to fuel an end 

sector. For instance, clean electricity can used to create hydrogen, 

which in turn can be employed in the heating sector.
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Current State of play

Across Europe, differences can be noted in terms of the use of city 

storage and sector coupling. Generally speaking, CSSC technologies 

are being used more frequently in Western than in Central and 

Eastern Europe.  Nevertheless, there is a noticeable increase in the 

interest at local level across the region and citizens’ initiatives are 

mushrooming as energy independence is growing in popularity. 

Even if the EU targets are partly guiding this motivation, the 

conditions on the ground across the CSSC Lab region vary 

substantially in terms of legislation, financial capacity and political 

engagement.  While most interest is at local level, energy policies 

are drawn up at national level, which is resulting in bottlenecks.  

In addition, it is challenging for municipalities to access funds as 

CSSC technologies are still deemed costly. 

Despite the fact that energy storage and sector coupling provide 

an important means to reducing greenhouse gas emissions 

and realising the EU’s climate change goals, there are still many 

uncertainties in terms of technology, market readiness, economic 

competitiveness, and regulatory requirements. 

The following trends can be observed:

1. Large scale pumped hydro, battery and thermal storage projects 

are being implemented at different scales throughout the CSSC Lab 

region. However, these are mainly employed to balance the energy 

system and complement the production of renewable energy. 

2. The most common uses of sector coupling relate to power to 

thermal (heat pumps) and power to mobility (electric vehicles).  
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3. Energy storage is growing rapidly worldwide, with most of the 

growth coming from lithium-ion batteries. Pumped hydropower 

and flywheels are also becoming increasingly popular. 

Mechanical and ice storage projects are also being carried out.

4. Micro-grids* are gradually emerging in regions where renewables 

are financially competitive vis-à-vis fossil fuels and storage is 

affordable.  

*A microgrid is a self-contained system containing generation, 

storage, and load and is controlled and managed locally. It can 

operate as an independent islanded system or connected to a 

utility grid.
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Building Capacities

in the Danube region

Background

Different training modules are available on the CSSC Platform to 

help build capacities in the region. 

The overall aim of training contents is to provide training 

participants with basic knowledge to allow them to develop, 

define and select CSSC implementation projects according to the 

specific demand of their own cities. 

These are of two levels:

– Basic

– Advanced

Basic sessions: The focus here lies on a short introduction of the 

technical aspects of sector coupling and energy storage as well as 

the economic and managerial CSSC aspects.

Advanced sessions: These contain detailed presentations 

of energy storage and sector coupling technologies and the 

developed model solutions. In the advanced sessions, special 

focus is given to the economic assessment of CSSC model 

solutions (M7) and business models and financing solutions(M8).

The target groups of the basic and advanced trainings are:

1. institutional intermediaries such energy agencies at different 

governance levels

2. municipalities such as technical experts from infrastructure 

departments 
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In addition, coaching sessions are proposed:

Coaching is implemented in the form of bi-lateral meeting between 

local project partners and representatives of municipalities and 

will focus on the practice transfer of CSSC knowledge to real 

applications.

City coaching sessions are open to all cities, which would like to 

replicate CSSC solutions in the Danube region. It is not only open 

to CSSC Lab participating cities.

Model solutions that are implemented in the CSSC LAB project 

are used as practice examples in the coaching sessions.  

Training modules

These can be split along two main themes:

1. Technical aspects of Sector Coupling and Energy Storage

M1: Heat system: energy storage & sector coupling

– The first module in the series gives an overall overview of sector 

coupling and energy storage with the focus on the challenges of 

the EU energy strategy for the coming decades. It then moves on 

to the field of heating.

M2:  Electric system: energy storage & sector coupling

– This module focuses on electricity storage and sector coupling 

solutions with an emphasis on the applicability of the technologies 

at the city level.
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Building Capacities in the Danube region

M3: Emerging technologies & sector coupling applications

– The module presents innovative energy storage and sector 

coupling technologies.

M4: Use cases and good practice examples

– The last module contains use cases and good practices collected 

in the partner regions.

2. Economic and managerial CSSC aspects

M5: Basic understanding of macro-economic energy market 

conditions

– The module, which is the first in a series of economic modules 

provides an overview of EU energy markets, the Energy Union 

and the Green Deal.

M6: Micro-economic factors influencing economic efficiency 

of CSSC installations in urban settings

– This module gives an overview of the Electricity market in the EU 

with a special focus on the specific situation in the partner countries. 

M7: Economic assessment of practice examples

– This module concentrates on the evaluation of CSSC projects, 

presents different evaluation methods and examples. The second 

part of this module introduces a simple tool for economic assessment.

M8: Business models and financing solutions

– This module introduces 4 different financing options for projects 

related to sector coupling and energy storage. Project financing, 

Energy Performance Contracting, Crowd Investing and Leasing 

are presented in detail.
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Formats

The format varies for the different course levels: 

The training materials take the form of PowerPoint Presentations 

and can be adjusted to local needs. All material is in English.

Trainings can either be held face-to-face or online depending 

on the pandemic situation. The impact this has on the different 

formats is presented below:

1.  Face to face trainings 

OPTION 1

Basic trainings are conducted as 1-day trainings. For the basic 

trainings, only the materials from following modules are used: 

M1, M2, M4, M5 and M6. The focus is on the short introduction of 

technical aspects of sector coupling and energy storage as well as 

the economic and managerial CSSC aspects. Partners are free to 

select only the technologies most relevant for their regions from 

the technical part of the presentations.

Level
Suggested duration  

of training
Training modules

Basic 1 day (5 -7 hours) Module 1, 2, 4, 5, 6

Advanced 1 – 2 days Module 1, 2, 3, 4, 5, 6, 7, 8
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Building Capacities in the Danube region

Local advanced trainings go into detailed presentations of energy 

storage and sector coupling technologies and the developed 

model solutions. In the advanced sessions, special focus is given 

to the economic assessment of CSSC model solutions (M7) and 

business models and financing solutions(M8). These training 

sessions are longer than the basic sessions, namely, 1 or 2 days. If 

the advanced training sessions last two days, they can be divided 

in a way where the 1st day covers technical CSSC aspects and 2nd 

day the economic CSSC aspects. 

OPTION 2

Before conducting the basic training sessions, partners send out a 

survey to their local target groups (potential training participants) 

in order to get feedback on which topics are most relevant to 

them. Based on the results, partners implement the 1-day basic 

training covering only the most relevant topics. 

Based on the feedback from the basic sessions, partners prepare 

the advanced session. Partners decide on the content that 

complements the gained knowledge from the basic trainings 

and provide the participants a “full picture” of the technological 

and economical aspects of CSSC. As in OPTION 1, the advanced 

training sessions are longer than the basic sessions, namely, 1 or 2 

days. If the advanced training sessions last two days, they can be 

divided in a way where the 1st day covers technical CSSC aspects 

and 2nd day the economic CSSC aspects. 
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Building Capacities in the Danube region

2.  Online trainings 

In the case of potential Covid-19 restrictions, partners may have to 

adjust their strategies and organize the training sessions online. 

In this document 2 options for the implementation of online 

trainings are proposed.

OPTION 1

3-day online trainings (3 – 4 hours per day). 2 days dedicated for 

the basic training and 1 day for advanced training. On the 1st day, 

the technical aspects of sector coupling and energy storage and 

on the 2nd day Economic and managerial CSSC aspects should 

be presented. The advanced session upgrades the knowledge 

from the first two days and the focus lies mainly on the economic 

assessment of CSSC model solutions (M7) and business models 

and financing solutions (M8). The partner organizing the training 

decides whether the online training takes place 3 days in a row 

or if the training will be divided in two separate parts (basic and 

advanced).
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DAY 2

BASIC TRAINING

M2 – Electrical system

- Introducing presentation

- Additional presentation  

of technologies, good practices

(M4), etc.

- Short tests or individual

questions via slido

BREAKOUT SESSION

- Split the event in breakrooms to

present different technologies

T
O

P
IC

 1

T
O

P
IC

 2

T
O

P
IC

 3

M6 – Microeconomics

- Introducing presentation

- Short tests or individual

questions via slido

3 – 4 hours

DAY 3

ADVANCED TRAINING

M7 – Assesment

- Lesson 1 – Evaluation 

- Lesson 2 – Economic 

calculation and assessmant

tools

- Short tests or individual

questions via slido

M8 – Financing

- Lesson 1 – Project financing 

- Lesson 2 – Crowdfunding 

Leasing

- Short tests or individual

questions via slido

- Presentation of the exercise

results

3 – 4 hours

BREAKOUT SESSION

- Split the event 

in breakrooms and form

groups to work on exercises

DAY 1

BASIC TRAINING

M1 – Heating system

- Introducing presentation

- Additional presentation  

of technologies, good practices

(M4), etc.

- Short tests or individual

questions via slido

BREAKOUT SESSION

- Split the event in breakrooms to

present different heating system

technologies

T
O

P
IC

 1

T
O

P
IC

 2

T
O

P
IC

 3

M5 – Macroeconomics

- Introducing presentation

- Short tests or individual

questions via slido

3 – 4 hours
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Building Capacities in the Danube region

OPTION 2

The trainings can be organized over a period of several weeks. The 

trainings can be conducted once a week and cover only 1 or 2 

modules per session. The duration of each session is 1,5 – 2 hours 

max.

WEEK - 1

BASIC TRAINING

M1 – Heating system

- Introducing presentation

- Additional presentation  

of technologies, good practices

(M4), etc.

- Short tests or individual

questions via slido

BREAKOUT SESSION

- Split the event in breakrooms to

present different heating system

technologies

1,5 – 2 hours

WEEK - 2

BASIC TRAINING

M2 – Electrical system

- Introducing presentation

- Additional presentation  

of technologies, good practices

(M4), etc.

- Short tests or individual

questions via slido

BREAKOUT SESSION

- Split the event in breakrooms to

present different technologies

1,5 – 2 hours

WEEK - 3

BASIC TRAINING

M5 – Macroeconomics

- Introducing presentation

- Short tests or individual

questions via slido

1,5 – 2 hours

M6 – Microeconomics

- Introducing presentation

- Short tests or individual

questions via slido
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WEEK - 4

ADVANCED TRAINING

M7 – Assesment

- Lesson 1 – Evaluation 

- Lesson 2 – Economic 

calculation 

- Lesson 3 – Assessment tools

- Short tests or individual

questions via slido

1,5 – 2 hours

WEEK - 5

ADVANCED TRAINING

M8 – Financing

- Lesson 1 – Project financing 

- Lesson 2 – Crowdfunding

Leasing 

- Lesson 3 – Assessment tools

- Short tests or individual

questions via slido

1,5 – 2 hours

BREAKOUT SESSION

- Split the event 

in breakrooms and form

groups to work on exercises

- Presentation of the exercise

results
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CSSC Model Solutions

Name of solution: Heat Pumps

Short description of model solution

A heat pump is a  thermal system which could heat or cool buildings 

or domestic water by exchanging the heats with a refrigeration cycle. 

It transfers the heat to where it is needed without the application of 

external power. When used to cool a building, it functions as an air 

conditioner by transferring heat from the inside to the outside and 

operates in reverse when heating up a building. Heat pumps are 

also often used in district heating systems. Heat pumps require little 

maintenance and heating costs are low. However, the acquisition costs 

can be high. They can be used in both new and old buildings.  Heat 

pumps are used in the building sector; electric cars etc. Green electricity 

should be used for climate-friendly operation. Heat pumps are high 

in energy efficiency, which take about 75% of the energy needed for 

heating from the environment and only 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.

Degree of efficiency % 0,33 kWhel per kWhth

Availability TLR* 4-9

Investment costs € / kW NA

Lifetime
cycles NA

years 15-20

Scalability High

Replication potential High

Recommendation of RES installation complied to the solution

photovoltaic system, sensor and controll system, batteries or heat 
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Name of solution: Batteries

Short description of model solution

Renewable energy installations experience fluctuations in energy 

production due to the weather and sunlight. Batteries store the extra 

energy production and enable its later usage when production is low. 

This optimize the self-consumption of renewable energy for buildings. 

The big variety in sizes and capacities makes them suitable for most 

kinds of buildings. Lithium-ion batteries are suitable as buffer storage 

for renewable energies, for load management, for grid services and in 

emergency power supply. They are also used in mobile applications 

such as electromobility, notebooks and aviation. They also have high 

energy efficiency and relatively manufacturing costs due to the 

quantities in production.  However, the lifecycle of batteries has to be 

considered. their production and deposit are still controversial due to 

the environmental and social impact especially on the global South. 

Degree of efficiency % 90-97

Availability TLR* 8

Investment costs € / kW 170-600

Lifetime
cycles 400-1900

years 15

Scalability High 

Replication potential High

Recommendation of RES installation complied to the solution

photovoltaic system, sensor and controll system
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CSSC Model Solutions

Name of solution: 
Latent heat storages in combination
with photovoltaic systems

Short description of model solution

latent heat storage system is a thermal system which stores the excess 

heat during the low-heat-demand hours and release it when the 

demand is high. In latent heat storage system, the energy required for 

a phase change is stored in addition to the sensible heat. In practice, 

this is usually the solid-liquid transition. This phase change happens at 

a constant temperature which is similar to freezing or melting process 

(which absorbs or release energy without significant change in the 

temparature).  Water is often used as the liquid storage medium for 

space heating. Even though it is used in some buildings for sports and 

hospitals (as shown in our good practices), the technology is maturing 

and costs are relatively high.

Degree of efficiency % 75-90

Availability TLR* 4-9

Investment costs € / kW 80-160

Lifetime
cycles 5000

years NA

Scalability medium

Replication potential High

Recommendation of RES installation complied to the solution

photovoltaic system, heatpump (e.g. geothermal power plant), 
sensor and controll system
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Recommendation of RES installation complied to the solution

photovoltaic system, heatpump, sensor and controll system

Name of solution: 
Sensible heat storages in combination 
with photovoltaic systems

Short description of model solution

sensible heat storage system is a thermal system which stores the 

excess heat during the low-heat-demand hours and release it when 

the demand is high. The energy is stored by the difference in storage 

material temperature. The insulation is thus of central importance.  It is 

considered cost-effective, established, proven and simple technology. 

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. The storage medium is often water. 

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. Depending on the design, impacts on nature 

and the landscape are to be expected. 

Degree of efficiency % 45-75

Availability TLR* 9

Investment costs € / kW 80-130

Lifetime
cycles 5000

years NA

Scalability Medium

Replication potential High
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CSSC Model Solutions

Name of solution: 
Fuel cells combined with solar systems
or heat pumps

Short description of model solution

Fuel cells use hydrogen, which produces thermal and electrical energy 
through a chemical process. There are low-temperature and high-
temperature fuel cells, as well as stationary and mobile applications. 
Fuel cells can be used for off-grid power supply and to supply buildings 
with heat and electricity (fuel cell heating systems) as well as to power 
vehicles. One advantage of the fuel cell is its self-sufficient application; 
electrical and thermal energy are generated directly on site.  It is efficient 
and low in pollutants. The devices are very low in wear and maintenance. 
Installation, operation and maintenance are not very complicated. Fuel cell 
heating systems require a natural gas connection, a buffer storage tank 
and a central heating system with central water heating. Hydrogen filling 
stations are required for vehicle propulsion; the technology is only climate-
friendly if the hydrogen is produced using surplus renewable electricity. 
So far, the investment costs are high and the operating experience in 
field tests is low. The service life is comparatively short, and there are few 
suppliers. However, these disadvantages could become less important in 
the future due to the fas development in this technology.

Degree of efficiency % 43-53

Availability TLR* 8

Investment costs € / kW 2305

Lifetime
cycles NA

years NA

Scalability High 

Replication potential Medium

Recommendation of RES installation complied to the solution

photovoltaic system to create hydrogen, sensor and controll system, 
batteries
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Name of solution: Electric Cars/infrastructure

Short description of model solution

 Battery-powered electric vehicles are powered by electrical energy 

from a battery, usually a lithium-ion battery. Vehicles include, for 

example, battery-powered cars, buses and motorcycles. Once the 

battery has been discharged, it must be recharged at electric charging 

stations. Electric vehicles can make an important contribution to 

more climate-friendly traffic when their energy consumption is from 

renewable energy sources. They are around 3 to 4 times more efficient 

than conventional vehicles. Another positive aspect is that no emissions 

are produced when driving. It improves the air quality in cities and 

reduce noise pollution. The topic of „second life“ for their batteries is 

considered promising; after the battery has been used in the vehicle, 

it can be used for electricity storage after a few years at significantly 

lower investment costs. The investment in its infrastructure, such as 

the coverage of charging stations is crucial for its success. 

Degree of efficiency % 45-75

Availability TLR* 9

Investment costs € / kW 80-130

Lifetime
cycles 5000

years NA

Scalability Medium

Replication potential High 

Recommendation of RES installation complied to the solution

photovoltaic system, sensor and controll system, batteries
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Learning from the Demo Centres

DEMO CENTER IN ZAGREB COUNTY (CROATIA)

The first demo center in the city of Zaprešić, Zagreb County was 

planned for launching during the project duration but ended 

up being delayed due to numerous barriers encountered in the 

project development phase. The Croatian aimed to be the first 

heat prosumer in Croatia, making it possible for a public building 

(respectively a public high school) to capture thermal energy for its 

own consumption by using solar thermal collector systems and to 

feed surplus heat into the local District Heating System (DHS). 
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The technologies being tested should have included:

1. Thermal collectors’ system for capturing heat

2. Smart District Heating Substations configuration to enable  

a proper exchange of heat

3. Heat storage (hot water tank) 

4. Sensing and monitoring equipment, advanced regulation,  

and central control systems 

Heat consumption

Heat storage

Smart
heating

substationDHS
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Learning from the Demo Centres

How do all these different parts fit together?

The purpose of a specific set of substation components would be 

to regulate the bidirectional (two-way) exchange of heat between 

the public (heat prosumer) building and DHS. Using developed 

management and control programmes, the smart substation 

through its set of heat exchangers would use captured solar energy 

on collectors directly for the building’s space heating (and domestic 

hot water), store it in thermal heat storage (water tank) or send it 

to local DHS as excess heat through regulated valves, pumps, and 

other equipment. This decision would come based on continuously 

monitored parameters and central control system. Conversely, 

during low production periods, the school receives thermal energy 

from the DHS once its own reserves have been exhausted. This 

allows for compensating for any shortages during times of bad 

weather or peak usage.
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This smart heating solution, to its full extent, has been facilitated 

through close collaboration between included local energy company, 

city and county, energy agency and international manufacturers of 

equipment. Although the agreement of switching to renewable 

heat sources has been made throughout the project, due to 

numerous limitation factors, the demo center in its concept had to 

be changed and delayed. First, a detailed revision of roof/building 

stability forced the project consortium to move the solar system to 

the ground which completely changed the concept and resulted 

in the simplification of the solution where the solar thermal system 

and related heat exchangers, as well as heat storage, have been 

excluded, leaving only the connection to DHS in the boiler room. 

In a situation like this, included local energy company opted out of 

large-scale utilization of solar energy on a nearby field which will 

influence with even greater impact on heating.

Demo center

Planned pipeline for demo 
center

Existing boiler room 
and pipeline

Solar
field

Planned
pipeline
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However, the bidirectional exchange is lost since the solar energy 

will firstly feed the DHS boiler room from which it will be delivered 

to the public building (and other buildings). Furthermore, since the 

building currently possesses an individual natural gas boiler room, 

no renovation of the boiler room is available until the current gas 

distribution contract does not expire (end of January 2023). After 

this contract, the low price of gas limited by the governmental order  

will put a barrier on implementation. Included stakeholders agreed 

to purchase the necessary equipment and future implementation 

activities which will be carried out after the project duration. The 

equipment includes sensing and monitoring devices. Regarding 

the solar project, due to its size and complexity, it is expect to 

happen in Q4 2023.

RADIJATORI SJEVER (186 kW)

RADIJATORI JUG (140 kW)

RADIJATORI DVORANA (79 kW)

KLIMA KOMORE (520 kW)

RAZDJELNIK

SABIRNIK

T

TM

PI

T

T PI

2

POTROŠNA TOPLA VODA
    (122 kW)

P.3

DN125

DN125

DN125

DN125

DN125

DN125

Heat exchanger
District heating - building

Inner distribution
system of building
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Why is this approach useful?

First of all, the school will manage to lower its reliance on fossil 

fuels for heating, switching from gas to solar thermal energy. It 

will therefore directly reduce its carbon footprint.  In its initial 

concept, including storage facilities in the system would allow 

the usage of additional heat during low production times. This 

helps avoid wastage and maximises the amount of green energy 

it consumes. Also, the bidirectional exchange would feed excess 

heat into the DHS and uses it as larger heat storage which can 

distribute this renewable heat to other users, making the entire 

DHS greener.

In the modified concept, the importance of solar energy becomes 

even higher as integration on the nearby green field will enable 

larger utilization of renewable heat. In this way, the technical 

solution in each building’s boiler room becomes much simpler, 

where the solar system is connected firstly to DHS which can then 

distribute the exact amount of renewable heat to each customer. 

Since the whole large-scale system will be available for meeting 

the heat demand of the school, it is assumed that around 80% 

of all heat will be green. This significantly lowers the investment 

costs but ends up losing the bidirectional exchange of heat within 

each boiler room. 

The thermal energy captured will be used to heat a high school 

in Zaprešić, which is owned by the regional public authority and 

maintenances through gathered taxes. Furthermore, this pilot 

will help raise awareness levels regarding renewable energy 

among the school’s students, its staff and the approximately 1000 

gym users also accessing the building. Communication activities 
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by CSSC Lab on the demo site will further contribute to greater 

environmental consciousness at local level. 

Interested in replicating this approach? Learn from our timeline:

Change of demo center 
and overcoming barriers

Detailed feasibility and engineering 
study of demo center

07/2020 – 09/2020

01/2021 – 08/2021

12/2021 – 08/2022

09/2020 – 01/2021

09/2021 – 12/2021

08/2022 – 10/2022

Selection of public building
for connection to DHS

Adjusment of feasibility studies
and decision making process

Expansion of DHS grid 
Development of heat purchase 
agreement

Public procurement for purchase 
of necessary equipment and prepration 
of work

10/2022 – 02/2023
Installation of equipment 
and connection to DHS system
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DEMO CENTERS IN STEGERSBACH (AUSTRIA)

The Austrian demo center was launched in June 2021 as part of 

the solar.one building in Stegersbach. The demo center is part of 

a larger competence center for renewable energy, which uses a 

range of different sector coupling and city storage technologies.
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The technologies being tested include: 

1. Li-Ion and saltwater batteries for storing electricity

2. Thermal heat storages for storing heat.

3. A heat exchanger system/core activation for heating and cooling 

the building

4. Equipment for mobile storage for charging electric vehicles

5. All these technologies are regulated by monitoring equipment 

(temperature and presence monitoring) as well as a load and 

flexibility management system to ensure the building receives 

the heat and electricity it needs. 

How do all these different parts fit together?

Electricity is generated with photovoltaic panels and stored in the 

Li-Ion and saltwater batteries for later usage. At the same time, 

heat from the sun is captured in thermal heat storages.

The electricity is partly employed for sector coupling for e-mobility 

(charging e-vehicles) whereas the heat exchanger system 

ensures that heat can be used to either heat or cool the building 

(power2heat). 

Why is this approach useful?

First of all, this approach is carbon-neutral and environmentally 

friendly. However, there is another benefit of combining all these 

different solutions. In typical photovoltaic systems, surplus solar 

energy is fed into the grid for a relatively low price and during times 

of limited sunshine, all (electric) energy has to be supplied from 

the grid. This means that producers do not benefit a lot financially 

from their photovoltaic systems and are also not independent in 
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terms of their own energy consumption requirements. However, 

the approach used in this demo center makes it possible to use a 

lot of the energy being generated on site and to also use electricity 

for other sectors (heating and mobility).  

Stegersbach is a relatively rural municipality with 2700 inhabitants, 

which is also using the center for different events. The entire 

building can host 200 people and has a generational capacity 

of 200KW. This means that it can be entirely energy positive and 

depend solely on renewable energy sources. Since this amount 

of energy is sufficient to cover its own needs, the building could 

also potentially supply neighbouring building with excess PV 

power. However, for this to become a reality, the necessary legal 

frameworks still need to be put in place.
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Interested in replicating this approach? Learn from our timeline:

Feasibility study and detailed 

planning of demo-center

Procurement of components

Installation of components

Technical specification of components

Purchase and delivery of components

Initial operation of demo-center

07/2020 – 09/2020

10/2020

05/2021

09/2020

03/2021

06/2021
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DEMO CENTER IN DESTERNIK, SLOVENIA

The Slovenian demo center opened in Desternik, Slovenia in 

July 2021. The demo center is based at a municipal building and 

includes technologies which test:

1. The generation of electricity through photovoltaics

2. The storage of electricity in a battery

3. The charging of electric vehicles. 
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How do all these different parts fit together?

Electricity is generated with photovoltaic panels and can be 

stored in the battery for later usage. When electricity production 

is high, excess electricity will be fed into the net metering system, 

making it possible for other residents of Desternik to use the 

electricity. The electricity will also be made available for the 

charging of electric vehicles at a local charging station, which will 

be accessible to the general public. This means that the residents 

of the municipality will directly benefit from the investment.

The site will also contain all the equipment needed to control 

and manage the electric loads from the grid, PV system and the 

batteries. The demo site will continue using electricity from the 

grid, it will supplement it with its own electricity generated by 

means of solar panels. This is a highly effective way of dealing 

with the variability of sun light across seasons and times of 

day. Employing batteries will greatly reduce the strain on the 

grid because the municipal building will be able to use its own 

electricity during times of peak demand. This will contribute to 

the creation of a smarter grid and help Desternik become a smart 

village.
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Learning from the Demo Centres

Why is this approach useful?

Desternik is a rural municipality with 2617 residents, situated in 

the Northwest of Slovenia. In addition to helping push forward 

the green transition, this approach also shows that even small 

municipalities like Desternik can put systems in place to cover 

the energy needs of municipal and also potentially residential 

buildings.

The whole logic behind the approach should also help foster the 

roll-out of electric vehicles in the municipalities. Two charging 

stations have already been installed in the municipality and a 

whole network is now being planned. Future grid development 

will require actions from all consumers in order to balance the 

grid in terms of peak loads. These kinds of municipal initiatives 

mark the first step in changing citizens’ behaviour towards taking 

the strain of the grid. 
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Interested in replicating this approach? Learn from our timeline:

Procurement of components

Specification of the equipment 
for the public procurement process

07-10/2020

02/2021

10/2021

11/2020 – 01/2021

03/2021 – 11/2021

11/2021 (01/2022)

Definition of the concept

Preparation of the designs
for the installation and obtaining
the necessary permissions

Purchase and installation
of components

Connection of the battery system and 
the charging station:

01/2022
Initial operation 
of the demo center

PV installation03/2022



Learning from the Demo Centres

DEMO CENTER IN VARNA, BULGARIA

The Bulgarian demo center was opened in Varna in January 2021 

and meets all of the energy needs of the municipal building. 

It tests:

- The use of solar energy for electricity and heating through 

photovoltaics

- The use of biomass for heating

- The storing of electricity in a battery

- The use of solar heat for heating

46
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How do all these different parts fit together?

Solar panels were installed on the roof of the office building and 

the electricity generated is being stored in batteries. This is used 

to meet the electricity needs of the building as well as for the 

charging of electric vehicles close-by. The biomass heating unit 

serves the purpose of heating the building while the solar hot 

water PV system ensures that hot water is available.  

Combining all these solutions, the office building is entirely self-

sufficient and does not depend on the local electricity distribution 

system. 
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Learning from the Demo Centres

Why is this approach useful?

It allows for a total of 1500 EUR to be saved annually, whereas 

it generates 8000 kWh electricity from renewable sources and 

10000 kWh heat biomass energy. At the same time, the users 

of the building benefit from more stable electricity supply and 

constant energy prices. This is especially relevant given that 

Varna’s electricity network has seen price spikes and power cuts 

in recent years.  These sector coupling and city storage solutions 

help avoid these shortcomings, benefitting both the office users 

and the environment.

Most of the office staff members go to work by car and therefore 

use the adjacent electric charging station on a regular basis. 

However, the community at large also has access to these facilities 

provided they install the necessary application on their mobile 

phones. This will further support the boom of electric vehicles 

observed in Varna in recent years, which has been part of the 

efforts to promote smart mobility in the city. In fact, making more 

charging stations available to the residents of Varna is essential 

to reduce current air pollution levels, which undermine Varna’s 

attractiveness as a tourism destination.

This initiative has a high replication value as building owners in 

Varna are increasingly looking for alternatives to reduce their 

reliance on the grid and will be able to see how photovoltaics 

and biomass heating systems work in practice. Moreover, as the 

local government is greatly committed to raising air quality in the 

city, it is likely that this exact model of an energy self-sufficient 

building combined with a charging station for public use can be 

replicated on other sites.
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Interested in replicating this approach? Learn from our timeline:

Purchase and delivery of components

Technical specification of components

Installation of components

Procurement of components

01/2021

11/2020

09/2020

12/2020

09/2020

07/2020

Initial operation of demo-center

Feasibility study and detailed 
planning of demo-center
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CSSC Lab Team 2022
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www.cssclab.eu

CSSC Lab Platform


