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Practical Implications

The goal of this research, for the master’s dissertation:
“Towards a new design methodology for
hybridGEOTABS!”, was to develop an easy-to-use
method that can be used by practitioners to determine the
optimal nominal power of hybridGEOTABS in an early
design stage. GEOTABS is an acronym in which GEO
refers to geothermal heat pumps coupled to thermally
activated building systems (TABS). Additionally, a
secondary fast-reacting system is added, making it a
hybrid system. Analysing the pre-simulated large
database of the hybridlGEOTABS Horizon 2020 project
shows that a correlation can be derived between the 24h
moving averaged peak thermal load of the building and
the optimal nominal system powers of the heat pump and
the secondary system. This corelation forms the
foundation of the new corelation method.

Introduction

HybridGEOTABS is considered a promising concept to
reduce energy consumption and greenhouse gas
emissions in de building sector.

TABS is an ideal system to combine with renewable
energy sources. Due to the relatively low required
temperature for heating and high required temperature for
cooling the coefficient of performance (COP) of the heat
pump increases significantly (Franziska Bockelmann et
al., 2017). The high thermal mass of TABS can be used to
store thermal energy in the activated building element of
the TABS. Moreover, rapid room temperature
fluctuations can be compensated by storing heat in or
releasing heat from the slabs.

Nevertheless, the high thermal inertia also comes with a
backside. Due to the high thermal mass, the TABS cannot
actively respond to sudden high changes in the demand or
changing setpoints. Furthermore, switching between
operation modes can lead to squandering of energy.

Therefore, a fast reacting secondary system is integrated
in the hybrid system, which can maintain thermal comfort
when sudden peaks are occurring.

It is clear that hybridGEOTABS cannot be designed like
any other heating, cooling and air conditioning system
(HVAC) system. The design of an HVAC system
traditionally begins with a sizing based on a static model,
proposed by several standards. However, none of these
guarantee an optimal sizing of hybridGEOTABS due to
the neglection of its dynamic behaviour. Furthermore, it
is difficult to make a correct estimation of the ratio
between the thermal loads of the building covered by the
GEOTABS and by the fast reacting secondary system.
This often leads to an oversizing of the system
components, even up to 240%. In particular, the sizes of
the ground heat exchanger and the heat pump have a
significant impact on the installation cost and therefore
the economic competitiveness compared to more
conventional HVAC systems. Therefore, it is interesting
to define an easy-to-use method that can be used in early
design stage to estimate the required optimal nominal
power of the system components, evaluate the feasibility
of the concept and compare it with traditional systems.

Approach

A new insight on how to design hybridGEOTABS is to
define the baseload to be allocated to the GEOTABS and
secondary system (Sharifi et al., 2019). The base load is
the reduced share of the heating and cooling load of the
building that does not vary during a short period. The base
load is an indicator of the optimally required power of the
TABS and thus the heat pump and ground heat
exchanger. The secondary system meets the remaining
energy demands, called the noise, that vary during
relatively shorter periods. Commonly, the base load
covers between 70-85% of the total thermal load (Sharifi
etal., 2019).

A baseload algorithm was created by the
hybridGEOTABS project. This optimization algorithm,
based on a simple RC-model, finds the most optimal
sizing of the primary GEOTABS and secondary system
taking into account the optimised energy use of the overall
(GEOTABS and secondary) system, maintaining thermal
comfort and considering the thermal inertia of TABS. The
input of the algorithm is a one year heating and cooling
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demand curve of the building. The algorithm then
assesses the impact of its decision of operating power of
primary and secondary system on the total system every
hourly timestep (Sharifi et al., 2019). An analysis of the
results of the baseload algorithm forms the foundation of
the newly developed easy-to-use methodology. For the
analysis 144 simulation cases, based on building energy
simulation (BES) models created in Dymola using
Modelica, were investigated in a climate similar to
Brussels. A variation was made based on geometry and
building illustrated by Figure 1 (Mahmoud et al., 2019).
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Figure 1, combinations of the different building
properties (Mahmoud et al., 2019)

Results

The analysis were made by comparing hourly results of
the baseload algorithm, defining the most optimal
nominal system powers (of GEOTABS and secondary
system), and the hourly results of the building energy
simulation, providing the thermal loads, for the 144 cases.

First, an analysis on when the peak powers of the
GEOTABS and secondary system occur was made in
order to understand under which circumstances they take
place. There was intended to define a set of fixed design
parameters that could be used in static calculations to
estimate the optimal system powers. Some general
circumstances could be distinguished for which the
system powers are peaking. The primary system
(GEOTABS) in cooling and heating mode and the
secondary system in cooling mode peak when the thermal
loads or moving averaged thermal loads of the building
are peaking, except for the secondary heating system,
which was clearly only peaking during the intermediate
season.

Furthermore, the approach of the ISO 11855 standard,
which provides a rough method to make a sizing of
TABS, was assessed. This leaded to reasonable outcomes
compared to the baseload algorithm. On Figure 2, a
correlation between optimal GEOTABS and secondary
system power in heating mode, derived from the baseload
algorithm, is plotted in relation to the simulated peak
loads of the 144 buildings. A clear linear correlation can
be noticed illustrating the relevance of the many other
analysis performed for the master dissertation towards a
correlation approach in the field of system predesign.
Further research includes: correlation in cooling mode
seen on Figure 3, applicability in different climates and a
comparison/evaluation of the new correlation method
with the baseload algorithm, other state-of-the-art
methods, such as Unknown-but-bounded (UBB) method
of Todtli (Todtli et al., 2007), and traditional standards.
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Figure 2, correlation between optimal system powers
and 24h averaged peak demands in heating mode
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Figure 3, correlation between optimal system powers
and 24h averaged peak demands in cooling mode

Conclusion

With regard to the selection of appropriate design
parameters that could be used in a static calculation,
analysis showed that all system components reach peaks
under the similar circumstances. However, specific fixed
climate conditions could not be determined. A correlation
analysis was performed, between simulated peak thermal
loads and the optimal system powers of the baseload
algorithm, in order to evaluate the proposed correlation by
the ISO 11855 and to define new correlations for the
optimal secondary system powers and optimal primary
heating power. This resulted in the correlation method,
which provides better results than traditional methods,
with a reduction of overestimation from 240% to 19% for
same cases. The method can be easily used by
practitioners to estimate the different component powers
of hybridGEOTABS, only requiring a realistic peak
thermal load of the entire building.
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