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Summary
The aim of the hybridGEOTABS project within the EU Horizon2020 programme is to perform research and
developments necessary to put hybridGEOTABS closer to the market. The results show that the system can
provide 10-60 % reduction in CO2 emissions at an investment price lower than 5 % (typically lower than 3 %) of
the total building investment.
The hybridGEOTABS system uses the combination of Thermally Activated Building System (TABS) powered by
ground-coupled heat pump as a primary source and a suitable secondary source, with advanced automation
system (Model-based Predictive Control, MPC). This combination enables us to operate the heat pump under
better performance conditions and to use the building thermal mass efficiently, which in turn results in better
system performance, energy and CO2 savings, while maintaining high indoor environmental quality.
The system is fully compatible with the EU policies, such as the SET Plan, EPBD and European Green Deal, and
has the potential to contribute to the climatic goals set by the EU.
In order to attract more attention and facilitate wider application of the hybridGEOTABS system in future
building projects, following points need attention on the EU level:
-

-

Promotion of Integrated Approaches within Financial Instruments
o hybridGEOTABS is one example of and integrated approach, where the building is designed and
build in an integrated manner (unlike most of the state-of-the-art projects in EU)
o Because of higher efficiency, these projects should receive better financing conditions
Further Research – hybridGEOTABS Buildings as Smart Grid Prosumers
o Next step in the research should be the integration of hybridGEOTABS buildings into the smart
grid concept, which is heavily promoted e.g. by SET Plan and the European Green Deal
Raising General Awareness of the hybridGEOTABS Concept
o Even though the respective components of the hybridGEOTABS concept are widely known and
used in building construction, the strength of the concept is in the integration of all modules and
their optimal control by means of Model Predictive Control (MPC).
o To promote the concept, the Knowledge Centre has been founded and will assist the
practitioners in designing new hybridGEOTABS buildings.
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Nomenclature
Acronyms
AHU
CO2
EPBD
FCU
GEOTABS
GEO-HP
GDP
GSHP
GSHX
HP
HVAC
KPI
MPC
RES
R²ES
SET Plan
TABS
VAV

Air Handling Unit
Carbon Dioxide
Energy Performance of Buildings Directive
Fan Coil Unit
system combining TABS and geothermal energy using a heat pump
Geothermal Heat Pump
Gross Domestic Product
Ground Source Heat Pump
Ground Source Heat Exchanger
Heat Pump
Heating, Ventilation and Air Conditioning
Key Performance Indicator
Model-based Predictive Control
Renewable energy sources
Renewable and residual energy sources
Strategic Energy Transition Plan
Thermally Active Building System
Variable Air Volume systems
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1. The Role of the Construction Sector in the EU
In the European Union, the construction sector represents 9.0 % of the GDP and 6.4 % of the total EU workforce.
(1) The sector is also very successful in achieving innovation with respect to energy efficiency and built
environment quality – even though EU buildings are responsible for 40 % of the end energy use and 37 % of the
greenhouse gas emissions, the sector achieved 34% emissions reduction since 1990, well above the overall 2020
energy-climate target. (2)

2. EU Policies Related to the Construction Sector
2.1. Paris Agreement
The Paris Agreement (3), signed by 195 countries around the world, has set itself the goal of achieving carbon
neutrality by 2050, a state where CO2 emissions are equal to the amount of greenhouse gas emissions that are
absorbed from the atmosphere by natural or technological processes. The European Union of which we are a
part has set some targets on the road to this future. One of them is to reduce CO2 emissions by 40 % by 2030,
compared to 1990.

2.2. Strategic Energy Technology Plan (SET Plan)
The Strategic Energy Technology (SET) Plan (4) has been the research and innovation pillar of the EU's energy
and climate policy since 2007 (see Figure 1). It was revised in 2015 to effectively line up with the EU's Energy
Union research and innovation priorities. It coordinates low-carbon research and innovation activities in EU
Member States and other participating countries (Iceland, Norway, Switzerland and Turkey). The SET Plan helps
with structuring European and national research programmes and triggers substantial investments in common
priorities in advancing low-carbon technologies.

Figure 1: ©European Union, 2016. https://ec.europa.eu/research/energy/images/set_plan_large.png
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The SET Plan, in its latest edition from September 2019 (5), prioritises among others the following technologies
that are crucial in the hybridGEOTABS concept:
•
•
•

Thermal storage
Geothermal energy
Integrated energy systems

Moreover, in the chapter, Energy Efficiency in Buildings, the SET Plan points out the following research areas:
•
•
•

Development of new materials and technologies for buildings
Decreasing building envelope cost and energy use in residential buildings
More efficient heating and cooling solutions

2.3. Energy Performance of Buildings Directive
The EU has established a legislative framework including the Energy Performance of Buildings Directive
2010/31/EU (EPBD) and the Energy Efficiency Directive 2012/27/EU. Both directives were amended, as part of the
Clean energy for all Europeans package, in 2018 and 2019. Together, the directives promote policies that will help
to:
•
•
•

Achieve a highly energy efficient and decarbonised building stock by 2050
Create a stable environment for investment decisions
Enable consumers and businesses to make more informed choices to save energy and money

The amended Energy Performance of Buildings Directive (2018/844/EU) (6) introduces new elements and is an
important part of the Juncker Commission’s priority to build, "a resilient energy union and a forward-looking
climate change policy". When adopted in July 2018, it sent a strong political signal with respect to the EU’s
commitment to clean energy transition, as the building sector has a vast potential to contribute to a carbonneutral and competitive economy. EU countries were supposed to write the new and revised provisions into
national law by 10 March 2020, however, the process has been slowed down in some countries due to the COVID
pandemic (7).

2.4. Clean Energy for All Europeans (“Winter Package”)
The so called “Winter Package” was introduced in November 2016 and outlines the EU energy transition in detail.
(8) While incorporating the EPBD, its main contribution is in the change in energy market. According to the
package, the EU energy market should open to small energy producers, remove the barriers for smart grids and
legalise the position of prosumers – energy producers and consumers at the same time. Its Annex I is focused on
buildings specifically, and proposes new approaches to (9):
•
•
•

Smart financing
Aggregation and assistance for project development
De-risking.

2.5. European Green Deal
European Green Deal (10) is the first of the priorities of the European Commission for 2019–24, and its goal is for
EU to become climate-neutral by 2050 (11). This policy has seven areas, one of them being ‘Building and
Renovating’, with the following goals (12):
•
•
•
•
•

Prices of different energy sources should incentivise energy-efficient buildings
Design of buildings should be in line with the circular economy
Increased digitalisation
More climate-proofing of buildings
Strict enforcement of rules on energy performance of buildings
7

3. Introducing the hybridGEOTABS Concept
3.1. Concept overview
hybridGEOTABS 1 is a research project that optimises the predesign
and operation of a hybrid combination of geothermal heat pumps
(GEO-HP) and thermally activated building systems (TABS), with
a fast reacting secondary heating and/or cooling system. It designs
an improved, automated “Model Predictive Control” (MPC) solution
for testing on hybrid supply and emission systems in demonstration
buildings such as offices, care homes for the elderly, schools and
apartment blocks. Applying MPC to hybridGEOTABS optimises the
performance on multiple criteria (energy, comfort, sustainability),
making it more economically attractive and increasing take up. (13)
hybridGEOTABS, when optimised, is the “perfect marriage” of
technology for heating and cooling buildings. “GEO” refers to
geothermal heat pumps. “TABS” (thermally activated building
systems) include technology like concrete core activation, i.e. pipes
embedded in concrete slabs through which warm/cold water is
pumped to heat/cool a building’s thermal mass. Due to high thermal
inertia of the TABS, the “hybrid” part, represented by a fast reacting
system, is added to maintain maximum comfort. Together
assembled by means of a top-notch MPC control strategy,
hybridGEOTABS (“Geothermally Activated Building Systems”)
offers tremendous energy savings over conventional systems,
reaching 15-40 % in terms of energy savings.

hybridGEOTABS – EU-H2020 Project
This research project is focused on a hybrid
combination of geothermal heat pumps (GEOHP), thermally activated building systems
(TABS) and Model Predictive Control (MPC). Its
objectives are:
•

Improve the efficiency of heating and
cooling of a hybridGEOTABS system by
25% compared to the existing best
practice

•

Develop a method of choosing
appropriate components for
hybridGEOTABS solutions to achieve
optimal performance and offer grid
flexibility through demand-response

•

Develop a Smart Grid-ready automated
control system based on MPC and provide
this as an open solution suitable for any
control system that supports open
communication protocols

•

Establish a trade body or association to
promote the hybridGEOTABS concept and
best practices

•

Validate the technology and approach on
a virtual validation test-bed and on at
least three real, high-visibility buildings

3.2. Modular system
Based on the four demo buildings and on other buildings, which already have hybridGEOTABS systems, a generic
modular scheme of hybridGEOTABS buildings has been outlined. Following modules are included:
•
•
•
•
•
•
•
•
•
•
•

AHU (Air Handling Units)
TABS (Thermally Activated Building Systems)
Ground heat exchangers
Heat pumps
Boilers
Renewable sources: PV and solar thermal
Batteries
Low temperature (< 20 °C2) demand: servers, cooling coils, etc.
Medium temperature (20–45 °C) demand: radiators, VAVs (variable air volume systems), convectors
High temperature (> 45 °C) demand: Domestic Hot Water
Control, MPC

Figure 2 shows the generic modular schematic of hybrid GEOTABS buildings (14).

1

The hybridGEOTABS project is funded by the European Commission under Horizon 2020 Programme: project n° 723649

2

The low temperature bound is given by the cooling demands of the specific building. Typical values are 15–23 °C
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Figure 2: The generic modular scheme of hybrid GEOTABS buildings

Most of the hybridGEOTABS buildings follow the generic modular structure indicated in Figure 2. These buildings
benefit from the low temperature heating and high temperature cooling concept, which enables them to
integrate renewable energy resources such as the ground (geothermal energy). These buildings also follow a
holistic approach to energy efficiency through initially minimising the heating/cooling demands and by using
other renewable energy resources for other purposes such as water heating (e.g. solar thermal collectors) and
electricity production (e.g. photovoltaic panels and small-scale wind turbines).

3.3. Components of the system
Limitless, ubiquitous and free at the point of use, geothermal energy offers huge potential to meet heating needs
in Europe. Generally, underground temperatures remain far more constant than those above ground (at depths
of about 15 m the temperature is approximately equal to the mean annual air temperature, 8–11 °C in the UK
(BGS). This represents an interesting source for a heat pump in winter, and can be used for direct cooling in
summer, thereby safeguarding the thermal ground balance at the same time.
A geothermal system consists of a loop of pipe buried underground, through which heating fluid is pumped. Heat
from the ground is absorbed by the fluid and transferred, via a heat exchanger, to a heat pump, which is
connected in turn to the heat supply of the building. The relatively low temperatures make it suitable for
connection to fluid-filled coils in floors, walls or ceilings, which store and radiate heat for longer time periods.
In hybridGEOTABS buildings, ground heat exchange is the main source of cooling, since these buildings can use
relatively high (in the context of cooling) temperatures (up to 16 °C, sometimes even 23 °C) when meeting
cooling loads. The cool water can be supplied to TABS, AHUs, and possibly used to meet other cooling demands
in the building (e.g. datacentres, laboratories, etc.). It is also be possible to couple the ground heat exchanger to
a heat pump for (active) cooling purposes.

9

Ground coupled heat pumps usually meet the medium temperature (typically 25–35 °C) heating demands and
can also be used to meet domestic hot water demands (above 45 °C). AHUs and various heating emission
systems require a medium temperature range (radiators, convectors, TABS, etc.).
The high temperature (typically 45–90 °C) heating is usually provided by boilers (biomass, natural gas, etc.) or
solar thermal collectors. The high temperature demand is mostly for domestic hot water 3, heating coils in AHUs
(depending on the need), and sometimes for heating terminal units such as radiators and convectors.
Depending on the local availability, district heating can also be used to meet medium or high temperature heat
demands.
In larger multi-storey buildings such as offices, apartment blocks and care homes, heat transfer pipes may be
embedded in the concrete slabs which form the floor / ceiling structure, or wall panels. These TABS (ThermoActive Building Systems) are an effective way to use the thermal storage capacity of structural building materials
and minimise resource use.
Model Predictive Control (MPC) is a method to control a system based on numerical optimisation. A model is
developed and used to predict future disturbances (weather and user behaviour) and system responses, and the
future control inputs are optimised as the system is used in real time. For hybridGEOTABS systems, heating and
cooling needs are modelled for each demo building and MPC is used to improve the performance of the hybrid
geothermal and TABS technologies.

4. Main Advantages of the hybridGEOTABS Concept
hybridGEOTABS represents a building concept, which is energy efficient, minimises the impact on the
environment and provides a healthy and productive space for the building users. In terms of investment costs, it
may appear more expensive than the traditional building concepts using radiators, gas boilers and electric chillers
connected to fan coil units. However, if the target is to build a building which is also environmentally friendly (as
now required by legislation - mainly the EPBD II and corresponding national legislations of the EU member
states), and the requirement is to maintain the indoor environment quality at the same time, then
hybridGEOTABS becomes a very good option (see Figure 3). Moreover, rising energy and CO2 prices increase the
importance of operating costs, moving the balance in favour of hybridGEOTABS.

Figure 3: Life Cycle Cost of hybridGEOTABS building compared to the traditional approach.
When saving the environment is an issue, the hybridGEOTABS becomes a cheaper option.

3

Domestic hot water systems require that temperatures above 70 °C can be reached, because of the legionella bacteria
elimination.
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Our focus in the H2020 project was also to provide tools that would make the design phase of a hybridGEOTABS
building comparable to the traditional buildings. This is achieved by a pre-design stage, which – at the end –
decreases the cost at the end of the design stage and guarantees that the investment costs of the
hybridGEOTABS building during the construction phase are “comparable” to a traditional building. The new
feasibility and pre-design methodology allow to make the pre-design stages straightforward and good quality
and make a solid basis for the detailed design phase, thus making also the overall design costs comparable to
that of a more traditional building technology. As the operation of a hybridGEOTABS building is significantly
cheaper than that of a traditional building, the life cycle costs for the hybridGEOTABS building actually becomes
cheaper than the traditional building.

Figure 4: By developing design tools and focusing on the pre-design stage,
a hybridGEOTABS building can actually become cheaper in the life cycle costs than a traditional building.

In terms of technologies, the successful implementation of a hybridGEOTABS concept is based on the following
principles:
•
•
•

An emphasis on the pre-design stage saves money later.
Optimised, integrated approach to the whole building brings proper dimensioning of technologies,
such that no oversizing is needed.
By means of the Model Predictive Control (MPC), the integrated technologies work under optimal
conditions, and significant savings during the operation phase are achieved.
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5. The hybridGEOTABS Concept and the EU Policies
As shown previously, in the beginning of this document, the hybridGEOTABS concept is an innovative solution
to building systems that complies with the EU climate and building related policies. The two most recent policies
– the European Green Deal (10) (12) and the Winter Package (officially Clean Energy for All Europeans) (8) (9) –
are now discussed in more detail.

5.1. European Green Deal and hybridGEOTABS
As presented earlier, the European Green Deal has five goals for the buildings that will now be related to
the hybridGEOTABS concept.
•

•

•

•

•

Prices of different energy sources should incentivise energy-efficient buildings. In
the hybridGEOTABS concept, the primary energy source is the ground-coupled heat pump, which is
a very energy efficient technology. It uses a renewable heat source, and when coupled with solar panels
(and optionally batteries), it can be 100 % renewable. However, in some countries the ratio between
electricity price and gas price is artificially high, which works against the use of heat pumps. Introducing
‘the polluters pays‘ principle (by e.g. a carbon tax) could solve this problem.
Design of buildings should be in line with the circular economy. In principle, TABS requires that mass
with high thermal inertia is used, which suggests concrete structures, a concept which is in general not
very compatible with circular economy. However, recent innovations introduce concrete made of
recycled building material, and the pipes inside the concrete core can also be removed from the
structure at the final stage of the life cycle of a building. A unique advantage of the hybridGEOTABS
system is its flexibility for refurbishment – as the TABS is located within the building structure, there is
no need for re-arrangement of the primary emission system during reconstruction works, which saves
a lot of material.
Increased digitalisation. The modular approach, as presented within the hybridGEOTABS project, is
a starting point to an easy implementation into BIM systems. Moreover, the use of Model Predictive
Control (MPC) requires a high level of automation on every level, enabling efficient facility
management.
More climate-proofing of buildings. The hybridGEOTABS concept allows for both heating and cooling
capabilities of the systems, with fine tuning by the secondary, fast-reacting system for higher comfort.
This makes such buildings highly adapted to the expected climate change – while using standard
technologies and a simple concept at the same time. Another advantage of the hybridGEOTABS
concept is its response to 24 hours outdoor temperatures and conditions, so the day peak challenge is
tempered by the night phase within the concept.
Strict enforcement of rules on energy performance of buildings. The fact that real buildings do not
perform as expected and varies widely from the original design (performance gap) is a strong lesson
learned from the previous policies. hybridGEOTABS buildings are highly monitored and their energy
performance can be checked very easily. MPC incorporates multiple information to extend it to a
compliance controller.

5.2. Winter Package and hybridGEOTABS
The Winter Package is a highly complex set of documents and it is far beyond the scope of this document to list
all opportunities for the hybridGEOTABS concept within the package. The main opportunities are identified as
follows:
•

Smart financing. The hybridGEOTABS buildings are promoting energy efficiency of buildings.
However, as its concept is simple compared to other energy efficient, climate-proof concepts, the price
of the buildings is similar to the state-of-the-art buildings. The strength of hybridGEOTABS is in
the integration of technologies, so for effective financing instruments (ESIF, EIB, EFSI and other EU and
12

•

•

•

national programmes), the emphasis should be put also on integration of technologies, not just on
the ad hoc use of single technologies.
Aggregation and assistance for project development. Within the hybridGEOTABS H2020 project, we
have established a Knowledge Centre to assist designers, investors and other stakeholders in
accommodating the hybridGEOTABS concept. Handbooks and best practices are available as a result
of the project and can be easily incorporated into the EU wide instruments, such as ELENA or European
Investment Advisory Hub.
De-risking. The investors and financiers need to better understand the real risks and benefits of
innovative projects. For such purpose, a De-risking Energy Efficiency Platform was established (14) with
more than 5,000 EU industrial and buildings energy efficiency projects. This is also a good place to
promote the hybridGEOTABS concept.
Transformation of the energy market and the role of prosumers. The EU energy market has to open
for small-scale energy producers, and to adopt the concept of prosumers (producers and consumers as
one entity), which is necessary to overcome the major obstacles to the smart grid market concept.
hybridGEOTABS buildings are ideal candidates as prosumers, as they have implicit high thermal
storage capabilities within the building construction itself. Figure 5 shows the concept of
the hybridGEOTABS building as a prosumer, including a two-level MPC control to achieve optimal
performance.

Figure 5: The compliance of the hybridGEOTABS system with the prosumer concept,
as required by the Winter Package
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6. Future Actions
6.1. Promotion of Integrated Approaches within Financial Instruments
As has been shown by the hybridGEOTABS project, the integrated approach is crucial when aiming for high
energy efficiency in buildings. Even though a significant improvement in legislation has been made in the latest
EC communications (such as EPBD II (6) and the Winter Package (8)), even more emphasis should be put on this
issue.
The advantage of integrated approaches in the design phase can be spoilt during the implementation phase,
where various components are left out in order to decrease the investment costs of the project, which virtually
destroys the system integration. Effective means should be taken to avoid such changes, especially within the
EU financial instruments, such as European Fund for Strategic Investments (EFSI), European Regional
Development Fund and the Cohesion Fund (ERDF), or the European Investment Bank (EIB).
The financial instruments will be very important during the post-COVID recovery of EU economy, as the
leverage effect of financial subsidies and incentives can be five to twentyfold (15).

6.2. Further Research – hybridGEOTABS Buildings as Smart Grid
Prosumers
The hybridGEOTABS concept contributes to the three European goals regarding:
•
•
•

Increasing energy efficiency (low exergy systems, optimally controlled, exchange of thermal flows);
Increasing share of renewable and residual energy sources (R2ES) (geothermal, potentially combined
with solar and residual thermal flows), and;
Decreasing greenhouse gas (GHG) emissions (thanks to the high energy efficiency and use of R2ES), and
at the same time creating a more comfortable and healthy environment in the building.

As such the hybridGEOTABS concept plays a crucial role in the path towards clean energy and even beyond.
The inherent storage capacity, available in the building, TABS and underground, combined with predictive
control offered by MPC, renders the hybridGEOTABS concept a perfect candidate to offer flexibility to the
broader energy system, as foreseen by the Winter Package. This allows for increasing the R2ES share even further
by using demand side flexibility.
MPC has all features to unlock flexibility by demand response (shifting loads in time or changing loads in size to
better match the available supply without jeopardizing thermal comfort). This may create substantial cost
reductions by using electricity when it is cheap (operating cost), by flattening peaks (investment cost), by
avoiding grid problems (grid stability and reliability) and high investments in the reinforcement and extension of
electricity grid infrastructure (investment cost). Synergies can thus be exploited in multi-energy carrier systems
thanks to the presence of thermal loads fed by electricity (such as heat pumps). Future scenarios extend this with
electric vehicles (EV) providing, in addition, direct electricity storage. This leads us to the option which uses the
energy storage (thermal and/or electrical) available, resulting in a decoupling of demand and supply. The energy
from R2ES is then stored when it is available, and used when it is needed, without changing the demand profile.

6.3. Raising General Awareness of the hybridGEOTABS Concept
Even though the respective components of the hybridGEOTABS concept are widely known and used in building
construction, the strength of the concept is in the integration of all modules and their optimal control by means
of Model Predictive Control (MPC). To promote the concept, the Knowledge Centre has been founded and will
assist the practitioners in designing new hybridGEOTABS buildings.
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