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1. Introduction

A	set	of	hydraulic	schemes	(one	generic	scheme	with	different	highlighted	working	modes	and	other	
possible	variations)	were	produced	within	the	project	and	are	available	on	the	website.		

These	 schemes	 should	be	 regarded	as	an	additional	guidance	 for	HVAC	designers	during	 feasibility	
and	mostly	pre-design.	 It	 enables	 the	HVAC	engineer	 to	 consider	 the	hydraulic	 connexion	between	
the	basic	modules	and	auxiliary	equipment	required	to	implement	the	concept.	The	aim	is	to	provide	
the	designer	with	practical	 information,	 that	constitutes	a	base	which	they	can	build	on	and	should	
accelerate	the	start	of	the	actual,	case-specific	design.		

Disclaimer:	It	represents	one	way	of	connecting	the	different	core	modules,	auxiliary	equipment	and	
other	 additional	 /	 optional	 modules	 together	 (depending	 on	 building	 needs	 and	 climate)	 from	 a	
hydraulic	point	of	view.	It	is	generic,	connexions	may	vary	depending	on	context	(environmental	site	
conditions,	HVAC	know-how,	economic	context,	building	services	trends,	etc.)	and	can	therefore	only	
be	used	as	an	initial	guidance.	

Additionally,	the	hydraulic	scheme	for	a	specific	building	will	vary	depending	on	which	objectives	the	
designer	is	trying	to	achieve	(e.g.	maximum	cost	efficiency,	exergy	optimisation	etc.).	

1.1. Generic hydraulic scheme 

The	generic	scheme	includes	the	core	modules	of	the	hybridGEOTABS	concept	with	basic	heating	and	
cooling	functions.	It	therefore	includes	the	following	items:	

- A	borefield	with	a	geothermal	heat	exchanger	(GSHX)
- A	ground	source	heat	pump	(GSHP)
- A	buffer	tank	for	heating
- A	bivalent	source	and	system	for	heating:	In	the	generic	scheme	a	condensing	boiler	using	gas

(or	biogas)	 is	represented.	However,	other	renewable	alternatives	such	as	wood	pellet	or	any
other	low	grade	energy	sources	can	be	used	in	combination	with	the	GSHP.	This	is	illustrated
in	the	schemes	numbered	A1-A3.

- General	heating	emission	systems:	TABS,	combined	with	e.g.	low	temperature	radiators,	Fan
Coil	Units	(FCUs)	or	ventilation	heating	coil	for	instance	in	the	case	of	office	buildings.

o In	this	generic	scheme	the	GSHP	serves	only	the	TABS	and	the	bivalent	source/system
is	 coupled	downstream	of	 the	TABS-group,	which	means	 the	 second	heating	 system
serves	solely	 the	other	groups	 (radiators,	FCUs	and	AHU	(air	handling	unit)).	This	 is	a
preferred	option	if	one	of	the	emission	systems	is	using	a	high	temperature	regime	(e.g.
smaller	size	radiator	with	55	°C	/	45	°C	working	temperatures).),	or	a	low	temperature
cooling	emission	system	 in	cooling	dominated	projects	and	the	passive	cooling	mode
for	the	TABS	is	(temporarily)	targeted	as	well.

o However,	 it	 should	 be	 noted	 that	 all	 emission	 systems	 can	 be	 coupled	 to	 the	 buffer
tank,	 when	 all	 heating	 systems	 are	 sized	 for	 low	 temperature	 regimes.	 (e.g.	 low-
temperature	radiators	and/or	FCUs).

- A	buffer	tank	for	cooling
- A	bivalent	source	for	cooling.	The	bivalent	cooling	system	proposed	in	the	generic	scheme	is

an	air	cooled	chiller	in	addition	to	the	reversible	ground	source	heat	pump,	this	can	be	adapted
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to	any	source	of	cooling	available	for	a	specific	project.	Some	alternative	options	are	proposed	
in	the	schemes	numbered	A1	to	A3,	for	instance	with	a	reversible	air	source	heat	pump.	

- General	cooling	emission	systems	
o The	 same	 cooling	 emission	 systems	 are	 proposed	 as	 in	 heating	 mode	 (TABS,	

ventilation	cooling	coil,	FCUs)	and	the	connections	follow	the	considerations	above	for	
the	heating	mode.	

The	following	modes	are	therefore	 identified	as	commonly	required	and	are	 included	 in	 the	generic	
version	of	the	scheme.	Some	additional	variations	are	also	proposed:	
	
HEATING	

- GEOTABS	heating	as	only	production	and	emission	system	(e.g.	office	in	Madrid)	
- Bivalent	 GEOTABS	 heating	 production	 in	 combination	 with	 2nd	 emission	 system	 (e.g.	 care	

home	for	the	elderly	in	Brussels)	

COOLING	
- Natural	 GEOTABS	 cooling	 as	 standard	 cooling	 for	 all	 building	 (e.g.	 residential	 building	 in	

Zürich)	
- Reversible	active	GEOTABS	cooling	when	free	cooling	peak	power	is	no	longer	sufficient	even	

if	the	energy	ground	source	balance	is	still	achievable	(e.g.	office	in	Warsaw)	
- Bivalent	cooling	with	an	air	cooled	chiller	serving	the	secondary	emission	systems	(e.g.	office	

in	Madrid)	

DOMESTIC	HOT	WATER	(DHW)	
- DHW	centrally	produced	by	main	HP	using	fresh	water	station	(lower	demand	e.g.	 in	offices,	

schools)	
- DHW	decoupled	from	GSHP	with	a	dedicated	DHW	HP	(high	demand	all	year	round,	e.g.	care	

homes	for	the	elderly)	
	

All	 scenarios	are	highlighted	on	the	generic	hydraulic	scheme	and	explained	 individually	 in	 the	next	
section.	
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1.2. Schemes’ description and their working modes 

The	 generic	 hydraulic	 scheme	 can	 be	 seen	 as	 a	 pragmatic	 approach,	 with	 secondary	 heating	 and	
cooling	modules,	considered	as	the	most	available	and	 implemented	options,	and	therefore	reflects	
current	 practice.	 Other	 options,	 which	 may	 be	 considered	more	 progressive,	 are	 presented	 in	 the	
alternative	options	(A1-A3).	
	
All	 different	working	modes	of	 the	generic	 scheme	are	displayed	with	 colours.	 The	 combination	of	
hydraulic	circuits	working	together	at	the	same	time	to	produce	the	desired	service	(heating,	cooling,	
DHW)	 is	 visually	presented.	The	colours	mainly	 represent	 the	 content	 (but	also	 the	purpose)	of	 the	
fluid	used	in	the	hydraulic	circuit.	For	instance,	a	different	colour	is	used	for	glycol-water	(brine	water)	
and	heated/chilled	water	running	through	the	TABS	or	even	cooling	water	through	a	condenser	coil.	
The	legend	describes	the	type/content	of	each	water	circuit.	The	parts	greyed-out	in	the	scheme	are	
not	 necessarily	 used	 in	 that	 particular	 working	 mode,	 however	 these	 modules	 are	 nevertheless	
required	for	other	basic	operation	modes	of	the	building.	
	
1.2.1. Heating operation modes: 
	
H1	–	GEOTABS	heating	(no	hybrid	production/emission	system)	

• H1(a)	–	no	storage	tank	on	the	primary	side	(borefield).	

It	is	important	to	note	that	this	scheme	without	buffer	tank	on	the	primary	side	is	not	compatible	with	
a	building	requiring	active	cooling	(AC).	Heating	and	passive	(free)	cooling	are	possible.		

	

H2	–	Bivalent	Heating	(GEOTABS	+	hybrid	production	and	emission	system)	
• H2(a)	–	no	storage	tank	on	the	primary	side	(borefield)	

The	bivalent	system	illustrated	in	this	example	is	a	biogas	or	gas	condensing	boiler.	It	is	covering	the	
peak	residual	heat	loads	of	the	building	and	its	nominal	power	will	be	given	by	the	Feasibility	and	Pre-
design	 tool	 developed	 in	WP2	 (D2.6).	 The	 hydraulic	 connexion	 presented	 is	 a	 simplified	 approach,		
which	can	suit	many	buildings	such	as	residential	buildings,	care	homes	for	the	elderly	and	schools	in	
the	northern	part	of	Europe.	This	scheme	is	not	compatible	with	building	requiring	AC.	
	

• H2(b)	–	storage	tank	included	for	compatibility	with	active	cooling	purpose	

In	the	cases	of	H1(a)	and	H2(a)	the	storage	tank	on	the	primary	borefield	side	is	omitted,	which	means	
the	 building	 cannot	 operate	 in	 active	 cooling	 mode	 without	 some	 modification	 to	 the	 hydraulic	
connection	 (position	 of	 the	main	 pump	 on	 the	 return	 (pressure	 side)	 and	 pressure	 losses	must	 be	
carefully	examined).	It	is	best	used	for	buildings,	which	do	not	require	active	cooling.	
	
H2(b)	presents	a	heating	mode,	with	connexions	which	are	better	suited	for	active	cooling	in	summer,	
when	free	cooling	possibilities	are	exhausted.	
	
1.2.2. Cooling operation modes: 
	
C1	–	Passive	GEOTABS	cooling	(free	cooling	only)	
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The	 borefield	 temperature	 is	 low	 enough	 to	 cool	 the	 building	 via	 the	 free	 cooling	 heat	 exchanger	
(glycol-water/water)	without	any	additional	heat	pump	power.	Many	buildings,	which	did	not	require	
cooling	in	the	past	(typically	homes	and	care	homes	for	the	elderly	in	northern	Europe),	are	currently	
being	planned	with	a	free	cooling	heat	exchanger,	to	provide	a	soft	cooling	and	guarantee	comfort	if	
the	temperature	rises	in	summer.	It	brings	additional	value	to	a	project.	
	
C1(a)	 shows	 the	 connexions	 required	 for	 a	building	which	 can	operate	 in	 free	 cooling	mode	only.	 It	
does	 not	 require	 further	 active	 cooling	 (neither	 from	 the	 reversible	 heat	 pump	nor	 from	 a	 bivalent	
cooling	source).	
	
C1(b)	 is	also	highlighting	passive	cooling	operation	but	 in	 the	case	of	a	building,	which	will	need	 to	
have	all	necessary	equipment	for	active	cooling	of	the	building	when	free	cooling	is	exhausted.	
	
C2	–	Active	GEOTABS	cooling	(reversible	HP)	-	all	heat	from	cooling	is	rejected	into	the	borefield.	
	
In	this	example	all	heat	rejected	from	the	heat	pump	in	reversible	mode	is	directed	to	the	ground,	with	
no	heat	rejection	to	the	outside	air.	This	concept	assumes	that	the	ground	capacity	is	sized	to	balance	
the	heating	and	cooling	 loads	over	a	year.	A	dry	air	cooler	can	be	added	 in	certain	cases	 in	order	to	
control	how	much	heat	is	rejected	to	the	ground	(connexion	model	for	the	Dry	Air	Cooler	(DAC)	unit	is	
provided	in	next	scheme	C3).	
	
C3	–	Bivalent	Cooling	with	active	GEOTABS	cooling	PLUS	an	additional	air-cooled	chiller		
The	air	cooled	chiller	covers	peak	residual	cooling	loads.	Its	nominal	power	will	be	determined	by	the	
Feasibility	and	Pre-Design	Sizing	Tool	developed	in	WP2	(D2.6).	
	
1.2.3. Domestic Hot Water 
	
DHW1	–	Central	DHW	production	(in	case	of	low	DHW	demand,	e.g.	offices)	
The	 heating	 hot	 water	 is	 produced	 centrally	 by	 the	 main	 heat	 pump	 and	 feeds	 a	 second	 heating	
storage	 tank	 for	 DHW	 only.	 There	 is	 no	 dedicated	 HP	 for	 the	 DHW	 production.	 From	 this	 second	
heating	 storage	 tank	a	 fresh	water	 station	 (HEX)	 serves	 the	DHW	need	as	 and	when	 required.	This	
system	guarantees	hygienic	requirements	(legionella)	as	well	as	higher	efficiency	for	the	production	of	
domestic	hot	water.	
	
DHW2	–	Decentral	DHW	production,	typical	
As	opposed	to	the	previous	scheme,	this	scheme	shows	how	to	decouple	the	central	heat	pump	and	a	
dedicated	 /	 separate	DHW	heat	pump	which	 is	 sized	on	 the	DHW	demand	only.	This	 is	 particularly	
used	 in	 buildings	with	 a	 larger	 all	 year	 round	DHW	demand	 (residential,	 elderly	 homes).	 It	 has	 the	
advantages	of	not	compromising	the	COP	of	the	main	GSHP.	
	
DHW3	–	Decentral	DHW	production	with	booster	HP.		
In	 this	 variation	 of	 DHW2,	 the	 water	 supply	 (to	 the	 evaporator	 side)	 of	 the	 decentral	 DHW-HP	 is	
coming	from	the	hot	storage	tank	which	will	be	already	heated	up	by	the	return	of	the	TABS	and	other	
heating	groups	in	winter.	This	has	the	effect	of	increasing	the	efficiency	of	the	DHW	HP,	which	is	only	
there	to	“boost”	the	temperature	to	the	required	level	for	DHW	(60	°C).	
	
	

1.3. Alternative good examples  
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In	 this	 chapter	 answers	 to	 some	 future	 questions/problems	 will	 be	 given.	 These	 alternatives	 are	
considered	 today	 as	 best	 practice	 in	 the	 integration	 of	 secondary	 hybrid	 components	 within	 the	
hybridGEOTABS	concept.	

Problem	 1:	 The	 building	 is	 heating	 dominated	 and	 no	 seasonal	 balance	 is	 found	 in	 the	
underground	over	one	year,	which	can,	 in	 the	 long	term	cool	down	the	borefield	 in	such	a	way	
that	it	is	no	longer	suitable	for	winter	operation.	

Solution	A1	–	Exergy	optimised	with	PVT-regeneration	

The	scheme	includes	a	PVT	(Photovoltaic	Thermal	hybrid	solar	collector)	module.	It	has	two	outputs;	
first	 the	 solar	 thermal	 output	 of	 the	 system	 is	 used	 to	 “regenerate”	 the	 boreholes	 with	 heat.	 The	
electric	output	 is	used	as	regular	source	of	green	power	for	the	building	services,	at	times	when	the	
production	and	demand	matches.	The	remaining	is	stored	in	the	grid	or	can	be	stored	in	batteries	to	
increase	auto-consumption	in	the	building	(auxiliary	electrical	equipment,	e-mobility	on	site,	etc.)			

The	objective	is	to	raise	the	temperature	of	the	borefield	back	to	a	sustainable	level	at	the	beginning	
of	each	winter	season	(long	term	management	of	the	ground).	This	is	especially	important	in	densely	
built	residential	neighbourhoods,	where	many	of	such	systems	may	be	installed	close	to	each	other,	to	
prevent	long-term	exhaustion	of	the	ground.		

Solar	regeneration	and	direct	free	cooling	strategies	are	compatible,	however	they	must	be	carefully	
examined	in	terms	of	control,	in	order	to	avoid	limiting	the	free	cooling	potential.	

Problem	 2:	 EU	 wants	 to	 see	 an	 all-electric	 solution.	 Furthermore,	 a	 clear	 industrial	 trend	 of	
increased	 (optimised)	 self-consumption	of	PV-electricity	 is	 observed.	HybridGEOTABS	 can	help	
with	the	optimisation	of	self-consumption	of	on-site	produced	electricity.	

Solution	A2	–	All	electric	bivalent	heating/cooling	with	air-to-water	HP	

Adding	 a	 reversible	 air-to-water	 heat	 pump*	 (air	 source	 HP)	 to	 the	 generic	 hydraulic	 scheme	 as	 a	
bivalent	system	will	provide	an	all-electric	solution	where	the	PV	panels	(or	PV-T	panels)	will	serve	the	
heat	pumps.	It	increases	the	share	of	green	power	self-consumption.		
It	should	be	noted	that	in	this	case,	it	is	recommended	to	use	the	air	source	heat	pump	(ASHP)	(usually	
lower	COP	than	GSHP)	to	feed	the	TABS,	as	it	has	a	lower	temperature	lift	than	the	other	groups,	and	
therefore	will	guarantee	the	efficiency	of	the	ASHP.	The	GSHP	will	serve	the	other	groups.	

* air	to	air	systems	can	also	be	considered,	but	are	not	interfering	with	the	hydraulic	scheme.

Problem	3:		The	user	wants	to	use	only	renewable	sources	of	energy	for	heating	

Solution	A3	–	Bivalent	Heating	–	Biomass	(with	a	wood	pellet/chip	boiler	for	instance).	
The	most	often	used	renewable	heating	system	in	the	EU	[17]	is	proposed	in	this	hydraulic	scheme,	it	
highlights	 the	 fact	 that	a	wood	boiler	 connexion	as	a	bivalent	 system	 is	not	 interchangeable	with	a	
typical	gas/biogas	boiler	connexion	presented	in	H2(a)	and	H2(b).	Indeed,	biomass	combustion	is	not	a	
fast-reacting	 heat	 source	 like	 gas	 and	 it	 has	 its	 own	 heat	 inertia.	 It	 requires	 a	 different	 hydraulic	
integration	(with	a	necessary	additional	storage).	
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aca
Schreibmaschinentext
C2 – Active GEOTABS cooling (reversible HP) - option with no dry cooler 

aca
Schreibmaschinentext
NOTES:• The heat pump works in reversible mode   and 100% of the heat rejection is done   via the boreholes. No heat rejection to the   outside air. • For connexion with a DAC unit, refer to   hydraulic scheme C3.
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aca
Schreibmaschinentext
C3 – Bivalent cooling with active GEOTABS + air-cooled chiller 

aca
Schreibmaschinentext
NOTES:• The air-cooled chiller covers the peak   residual cooling load.• Waste heat from the active cooling process   can also be used for pre-heating domestic   hot water.
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aca
Schreibmaschinentext
DHW1 – Central DHW Production

aca
Schreibmaschinentext
NOTES:• The heating hot water is produced centrally  by the main heat pump and feeds a second   heating storage tank for DHW only.• There is no dedicated HP for the DHW   production. The use of FWS (fresh water   station) as DHW system guarantees hygienic   requirements as well as higher efficiency for   the production of domestic hot water.
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aca
Schreibmaschinentext
DHW2 – Decentral DHW production

aca
Schreibmaschinentext
NOTES:• This scheme shows how to decouple the   central heat pump with the   implementation of a dedicated DHW   heat pump sized on the building hot   water demand only.
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aca
Schreibmaschinentext
DHW3 – Decentral DHW production with booster heat pump

aca
Schreibmaschinentext
NOTES:• The water supply (to the evaporator side) of the   decentral DHW-Booster HP is coming from the   hot storage tank which will be already heated   up by the return of the TABS and other heating   groups in winter. This has the effect of   increasing the efficiency of the DHW production.
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Schreibmaschinentext
A1 - Exergy optimised with hybrid solar (PV-T) regeneration 

aca
Schreibmaschinentext
NOTES:• This scheme includes a PV-T (hybrid solar)   module as a solution to reduce seasonal   imbalance of the ground. • The solar thermal output of the system is   used to “regenerate” the boreholes with heat.• The electric output provide a green power   source for the building services.
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Schreibmaschinentext
A2- All electric bivalent heating/cooling with air-to-water HP

aca
Schreibmaschinentext
NOTES:• In this example, a reversible air-to-water heat   pump (ASHP) is used as the bivalent energy   production system in order to provide an all-  electric building solution.
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Schreibmaschinentext
A3 -  Bivalent heating mode – with biomass wood boiler

aca
Schreibmaschinentext
NOTES:• Different hydraulic integration of a bivalent   system as with a gas/biogas boiler since the   wood pellet/chip boiler system requires an   addiitional buffer tank.
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