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GEOTABS CONCEPT

TABS

Thermally Activated
Building System
(e.g. Concrete Core Activation)

AR A GEO

(shallow) geothermal energy
upgraded using heat pump
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RADIANT HEATING AND/OR COOLING SYSTEMS

Floor

Ceiling

* Sensible heating and cooling emission

L] L] L L

WA AWV

*  >50% radiant heat transfer

» High thermal comfort & IEQ

* Uniform temperature distribution

Thermo Active Building Systems Window o .
*  Minimising risk of draught (< all-air systems)

Floor Room . .
* Quiet operation

Reinforceme * Increased room height (< suspended ceilings...)

Concrete * Flexibility of space (¢ radiators, Fcu...)
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ACTIVATING BUILDING THERMAL MASS

Heating mode

1EWm* NE°C

TIW B
Cooling output

Qutput via floor q = approx. 18 Wym?*
Output via ceiling q,,= apprax. 22 W/m*

Total output q, = approx. 40 W,/m?

Cooling mode

20 Wim' i

h o 0 0 0 O

3T W Lo
Cooling output

Qutput via floor q, = approx. 20 W/m?
Output via ceiling q,,= approx. 37 Wym?

Total output q, = approw. 57 Wy/m?
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Calculation parameters
Flow temperature
Return temperature
Room temperature

Rel. humidity

Controlling the power of the ground by integration

:16°C
:20°C
: 26°C

150 %
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THERMALLY ACTIVATED BUILDING SYSTEM

Comparison of building with concrete core activation and building
without space cooling - after a 14-day period of fine weather

<
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Storage effect
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Office wing without
cooling
Room temperature

Time [h]
= Office wing = Office wing
Room Output curve
temperature

I 0,0

0 11 1213 14 15 16 17 18 19 20 21 22 23 24

External
temperature

Density of cooling output [ w/mz2]

* Close-to-comfort temperatures over entire
surfaces
* Very low temperature heat (24°C-28°C)
* High temperature cooling (16°C-21°C)
* High thermal inertia emission system
* Short-term (~day(s)) thermal storage

“Smart” features towards electricity grid:
» Load buffering

» Peak shaving
» Grid flexibility
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GEOTABS WORKING MODES

AN

Qheating
Tiririr

P © 0 o o o o o
L
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v

Qcooling

Qextractiun g

Qcooling

ooooo

oooooo

Qrejectiun E

Qrejection

GEOTABS

Heating

Passive cooling

Active cooling

Controlling the power of the ground by integration
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TABS

Radiant heating/cooling
High thermal comfort

High thermal inertia

Load buffering, peak shaving
Low temperature heating
high temperature cooling

Atlc

¢ HVAC profes
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GEOTABS

GEOthermal

* Low-grade RES

“-ﬂJ:I

NI

» Sustainable energy use

Low-temperature source

HEAT PUMP

» High energy efficiency
» Passive cooling
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* High thermal inertia “’ N \
» Intra-day shifts V R » Technical Feasibility
Heating € cooling? s > Financial feasibility
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“EVERY BUILDING DESERVES A SHARE OF GEOTABS”

L Vet GEOthermal
* High thermal inertia <‘>

> Intra-day shifts V § - At » Technical Feasibility

Heating <> cooling? \ s » Financial feasibility

(WA
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hybridGEOTABS

GEOthermal

Intra-day shifts S — » Technical feasibility

Heating <> cooling? S » Financial feasibility
fast-reacting secondary = » Secondary energy source
rifesen e

(ATt

Optimised control
MPC
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Integrated & optimised

DESIGN

Optimised control

Model
Predictive
T Control
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hybridGEOTABS project

Optimise Design & Control

Dlaaale sl =l  Feasibility & Performance

Commercial
attractiveness

Exploit

m - >» 2 — < mwn un — O
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PROJECT CONSORTIUM

I DTU
UNIVERSITY >4
ENERGOKLASTR < Maastricht University climate @

REHVA | urures
@ VIESMANN
= LEMON + CONSLLT

=r | (Gegier climate o imovation - A s EETCENC Y @ ENGINFERING »

*
5" *’; The project has received funding from the European Union's Horizon 2020 research and innovation
* programme under grant agreement No 723649. The original project acronym is “MPC-.GT".
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School in Libeznice, Tsjechié



ﬂi;' hybrid Gomielliing ik fth e —
) GEOTABS ontro Iﬂg epOWGFO egroun yln egra 10N

DEMONSTRATION BUILDINGS

Ter Potterie

Solarwind
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HYBRIDGEOTABS OFFICE IN SOLARWIND (LUX)

Supply System Transfer System Emissions
( B : B —— ~
:x:;:"zs::;:*’—-.f T o __,f——-l T e

solar thermal
collectors —* \:«y photovoltaics _* 'll“l" ;aduat:trs,:}:UaTd
omestic hot water
1
biomass —* 5 biomass boiler —* m

photovoltaics \‘\/ photovoltaics

wind x wind turbines 3 kW,
g P . building

|
I P, | [====— electrical grid
electrical gr 3
gn |. - 400 kVA
emergency emergency
generator generator 200 kVA
b oo oo
QroUnd enery e i heat exChanger  obellBb- [( ( | §| TABS cooling
storage borehole 240 kW 1111
- Air handling unit
adiabatic cooling + -
rainwater — + I CH l heat pump 9 == AHU| & hybrid cooler
x datacentre
J \ / J
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FLUVIUS/INFRAX (DILBEEK, BE)

| Supply System Transfer System Emissions
. N [ \ ( )
) () 03 K3 Lo
P " - TABS heating
—E
borehole heat
HEATING #’ exchanger # v ! heat pump ﬂ» .
L -
. J ventilation
| heating
] | | l ~ N —
' | Ii! il'"lh“ Hl [JERI LR IE IR RN AL RN RIS ERS RIS RN SRR EY LERNA LRSS R RN LA L (SRR ISR RN, RRLELY Y]
4 3 m u| i | s ~

\4\.*/ photovoltaics

‘ R
\\\ . _ﬂ ELECTRICITY| |
N\ :

electrical grid

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

hY
! £ .
cooling tower ) \ TABS cooling l?:llrcgt:l:;ark
) exchanger

] J e St

iy
borehole heat N " geocooling) N -
exchanger ventilation cooling

- w

J \ _J -

(Symbaols copyright REHVA-GEOTABS guidebook Mo.2o)
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MPC in FLUVIUS/INFRAX (DILBEEK, BE)

Infrax - Daily electricity used by the HVACR system - Working days
Frarn 1-lan-2018 to 1-Feb-2021 (1127 natural days) - 44 registered working days (522 RBE, 127 MPC)
= EEC: Datsponis

RBC; Prediction intereal

REC: Confidencs irkerval

RAC: 0.0-Teq + 3.0 —— REC: Regnessian
23d polnts & WPC: Datapoints
MPC: oo Teqg+ B3.6 MPC: Prediction rierisl
Qo HaNTls WP Confdence interssl
—— ML : Ragresace
L]
no Y '---I':i"hr\.-"|l.’,=l:%rL e .-.“.-";'-__ a . w_ o L] B
T aog BT F !.._c;_iL: g L a & g '&'n ""'.':‘F_"_i = L

MPL: -o.5-Teqg + 153.4
28 paints
- S [l i &t e g 103C 1140 455 15 =T LSS 20 o0 a1 o0 i A0 2650 2840 32 oC 2 ol
Equivalent Owtdoor Temperature

Tag [*C]
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INFRAX/FLUVIUS THERMAL COMFORT

= No sign. differences between MPC and RBC

RBC MPC

RBC MPC RBC MPC -
a) RBC == CATI [ CATII [ CATII [EEE CATIV J CATII [ CATIII BB CATIV [ Outside
_p=0.81 _p=0.1
100 very comf.[- = -
12 %
90 - 2 17 % 18 % 13 %
=] —_—
SR 80 comf.
N g
é £ 707 41 % i i 39 %
@ 2 60 just comf. - 46 %
o Q 54 %
n a 504
> 3 )
Q5 404 just uncomf. -
S5 £
= o 30 -
© - -
g & 207 uncomf.f . W .,
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g

10 A

very uncomf. ! -
Autumn Winter



At| = W! Controlling the power of the ground by integration
ls

for HVAC professional

o 2 o
=
£ fv
£d ([
<
> I - 'AL
........... [ e 000w s Seesaesresresseases
e = m m | HIpESSS—————
L
£
=<
B

K




At IC »’! Controlling the power of the ground by integration
for HVAC professionals

DESIGN CHALLENGES

TABS + hybrid GEOthermal + hybrid

» Dynamic behaviour and ) oS J,f;—
peak shaving of TABS? o

» System share & size?

» System share & size?
> Geothermal balance?

MPC Dynamic behaviour

AT
> Impact of controlon [ @ <->
sizing? Sch steady-state design
methods
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STRAIGHTFORWARD PRE-DESIGN METHODS
FOR HYBRID STORAGE-INTEGRATED HVAC-SYSTEMS?

complexity

dynamic BES

accuracy

experience

speed

standard calculations
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STRAIGHTFORWARD PRE-DESIGN METHODS
FOR HYBRID STORAGE-INTEGRATED HVAC-SYSTEMS?

complexity

dynamic BES experience ﬁg

accuracy speed

» pre-simulation

» pre-engineering

standard calculations

» database + tool
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(PRE-)DESIGN METHODOLOGY

4 )

Step 2

Dynamic BES
of heating and
cooling loads

J

4 )

Step 3

Load Splitting
Algorithm

for hybrid, storage-
integrated systems

—D

-

~

Step 4
Sizing and
Performance

estimation
of HVAC system

Verification Control-Integrated design study

( Outcome \

Building stock
Sizing and
Performance

— =

Database
&
Design tools

g J
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BUILDING STOCK MODELLING

» Pre-simulation of heating and cooling load time series
» > 140.000 building cases using dynamic multi-zone BES models

AN

MoDELICA

Warsaw

?ﬁﬁ:ﬁ:}::“ gﬂ““'s Climate zones -_{—_—/i Dilees

———— Madrid

. . e West
Orientation e=—""_
—— South hd
) ___—— High dense profile
Internal heat gains - d )
—— Low dense profile
—— Heavy structure

Eldarhy
homae
4%

Thermal mass  e==— —— Light structure Group (A) high insulation buildings
Envelope performance < Group (B) moderate insulation buildings ,
e e __ Screen shading Group (C) low insulation buildings / e . 7o ‘
=" 3

Offices L=l 1 /

53% ' e ; 1 yret 1
Building typologies \/ - - ) -l

§ § |
144 Combinations ‘ ‘ / /
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LOAD SPLITTING ALGORITHM

» for hybrid systems: splitting baseload and residual load

» accounting for dynamic behaviour of TABS thermal storage and , ,
QSecSys Qtotal

mimicking control behaviour MY VY
» Simplified RC-model of building + fast optimisation algorithm O T ., |C_.
Power (kW) _ QDemand —_ Q_s-ecsys QTABS — QPrimSys
90 Czone
80 ._|
70 M o
60 = SRR T
50 \I_ 8828 T;  Rmes
40 1 concrete Cragsz g ~Rego
30 \ L2 -_|
2 ® OO0 O .
10 L1 :
0 /\ l CTABSW-—l

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 -
Time(h) |QPrimSys |
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VERIFICATION: CONTROL-INTEGRATED DESIGN

» Nested optimisation algorithm integrating building, HVAC design and MPC
» Simulation of various HVAC component sizes and optimisation of design, for 5 cases

m GEOTABSheat mGEOTABScool ™ SecSysHeat = HP m SecSysHeat m SecSysCool
m SecSysCool H [dealHeating IdealCooling H DesignHeat DesignCool
kWh/(m=.a) kW

0 Energy provided per sub-system 100

Power of key system components

4

(=)
o]

0

3

(=]

2

=)

1

=)

RBC I
MPC I

BA-MPC NN
s B & 3
RBC W=
MPC E=
BA-MP( —
RBC =—=Z=F
MPC E=
BA-MPC EEE__
RBC =
MPC &=
BA-MPC E———
RBC T
BA-MPC M=
RBC = F
MPC E—

- ] :
0
< < < < < -
I8Py Ages Néag igEE @
EQ‘EE 8 Ei IS Ei a8 Ei a8 = = R HSREE S
5 X &8 X &3 & B & B 8 g g g===3
& <% & & & =4 = <& =4 =4
BrusselsA  BrusselsB MadridA MadridB WarsawB BrusselsA  BrusselsB  MadridA  MadridB | WarsawB
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HYBRIDGEOTABS SYSTEM POWER 0.000 oFrices)

» Total system power: 30-80% of steady-state design power
» Heat Pump power: 40-60% of total system power

Insulation Level

1.0 1.0 [ High
N Medium

0.8 0.8 - Low

0.6 ‘ 2o

HP / (HP+Boiler)
(=} (=}
N [©))

0.4

(HP+Boiler) / QdesignSteadyState

o
o

0.2

°
<

0.0
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HYBRIDGEOTABS PERFORMANCE (10.000 oFrices)

» Share of GEOTABS up to 90%, optimising building design for each climate
» CO2-savings up to 70% compared to conventional systems
» GEOTHERMAL BALANCE CONSTRAINT

GEOTABS share [%]

100

80

60

40

20

I

100

| .

60

40

Co2 savings [%)]

20

Y

Insulation Level
[ High
s Medium
N Low
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Al
F
Fl =
E- L
BUILDING EFFICIENCY CALCULATOR .
1
Z .
£ s
DEFINE YOURDATA > 1 DATABASE BUILDING STOCK 2 DEMAND AND PEAK 3 FEASIBILITY STUDY - ¥ o
g . -
e 10
1" 1%
Fill in the details below to analyse your building’s energy efficiency. Using ] -an
P aing D Pam 12 s G Demand Prim u Coglng De: Sec -
database building stock we can generate accurate results on demand and T e L »
peak, as well as feasability studies. et . e ameni
Case 2: bascload spltting (predictive control] € 3308898 € 5308780 € F24.907.34
Case 3; optimised RBC € 53723035 € 289121 € 98.996.07
Case 4 pusre GEOTABS {no comiort check) [ 38400737 € 28213502 £ 58176011
1200000 0 €
1600000.0€
14000000 €
1200000.0€
10000000 €
B00000.0€

> Available on: www.hybridgeotabs.eu
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HYBRIDGEOTABS DESIGN DECISION TREES

Warsaw

S:honls Climate zones .‘!_—— Brussels

———— Madrid
) - o West
Orientation e=—""__ _
—~— South -
] —— High dense profile
Internal heat gains — 9 Pro
———— Low dense profile
_— Heavy structure
Thermal mass  e=——" i

Mulll-famlhl
msidnntla

Elderly
homa
4%

Group (A) high insulation buildings

——— Light structure LA hig gs
Envelope performance < Group (B) moderate insulation buildings
—— Screen shading Group (C) low insulation buildings

Shading system e=——

Offices Mo shading
53%
Building typologies \/
144 Combinations

www.hybridgeotabs.eu/technology
https://doi.org/10.5281/zenod0.4724848
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Enhanced
Geothermal
Response Test

Modular system concept
e st and design optimisation
== of key components

S
St
oY

Hydraulic schemes
for hybridGEOTABS
solutions

Radiant panels with
PCM

Generic
documentation for ﬁg Energy Dashboard
TENDERING
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be ground by integ

Video’s: https://www.youtube.com/channel/lUCQDBfhimW-bgATt31u8xQVq
Training curriculum

How to exploit
HybridGEOTABS

This training introduces the
hybridGEOTABS concept and
its key assets and is accessible
for everyone fascinated by
sustainable building.

The curriculum is targeting

mainly business-oriented
audiences organised in 5
modules - each of them
covering a different topic -
with a total duration of
approximately Thr 40min.

Start Training

How to Design and Operate
HybridGEOTABS

This training introduces the
hybridGEOTABS concept and
its main benefits and
challenges, providing insights
into the technical principles
underlying the concept and
the design.

The curriculum is organised in
9+1 modules - each of them
covering a different topic -
with a total duration of
approximately 11 hrs.

Start Training
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