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“Hardware	in	the	Loop	Evalua;on	of	a	Hybrid	Hea;ng	
System	for	Increased	Energy	Efficiency	and	Management”	

1.  Hybrid	Hea;ng	System	(H²S)	
•  Basic	Idea	
•  Mo;va;on	
•  RetrofiKng	the	pasteuriza;on	process	
•  Design	and	control	

2.  Hardware	in	the	loop	evalua;on	of	the	H²S	
•  Prototype	Tes;ng	Facility	
•  Scenario	1	–	Heat	Pump	integra;on	
•  Scenario	2	–	Demand	Response	Management	

Agenda	
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HYBRID	HEATING	SYSTEM	(H²S)	
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Idea	of	a	Hybrid	HeaJng	System		

Ø Systems	supplied	from	two	different	heat	sources	
Ø Controlled	ra;o	of	both	sources	

High	Temperature	Heat	
Source	

•  Steam	Boiler	
•  Pressurized	water	

Low	Temperature	Heat	
	

•  Heat	Pumps	
•  (Piston)	CHP	
•  Solar	Thermal	
•  Heat	Recovery	

	

Hybrid-HeaJng-System	
	

•  Process	with	low/med	
temperature	heat	

demand	

Process	
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•  Efficient	technologies	need	low	temperature	heat	sinks	
•  Energy	transi;on	needs	new	hea;ng	concepts	
•  IntermiYent	renewables	need	to	be	integrated	into	the	
produc;on	

MoJvaJon	for	Hybrid	HeaJng	Systems		
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HOT	WATER	INTEGRATION	&	HYBRID-HEATING	
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Ø Hot	Water	Integra;on	

PasteurizaJon	

Steam Condensate 

Product out @ 5 °C 

Product in @ 5 °C 

Isolated HW -
loop 

Holding @ 73 °C 

Cooling in 

Cooling out 

Cooling Heat Recovery Product Heater 

Hot Water Heater 

TC 

HW in HW out 

Three-Way Valves 

TH,i 
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Targets:	
1.  Safe	produc;on	

–  Reach	target	temperature	at	any	Jme	

2.  High	degree	of	HW	integra;on	
3.  Balancing	heat	demand	and	supply	

Development	of	the	H²S	control	
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Control	Strategies	for	heat	supply	

TP,P,o 
PLC 

TH,H,o 

R1:	Hot	Water	(HW)		

TH,H,o 

TP,P,o 
PLC 

R2:	Steam	fixed,	HW	regulated	

TH,H,o 

TP,P,o 
PLC 

R3:	HW	fixed,	steam	regulated	

TH,H,o 

TP,P,o 
PLC 

R4:	Steam	
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Command	variable	for	control	strategy	se\ng	
and	Hot	Water	integraJon	

TH,H,o 

TP,P,o 
PLC 

​​𝑄 ↓𝑃 	

​​𝑄 ↓𝐻
𝑊
 	

𝐸𝑅= ​​​𝑄 ↓𝐻𝑊 /​​𝑄 ↓𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛  	

Energy	Recipe	
​​𝑄 ↓𝑆 	

​​𝑄 ↓𝐻𝑊 	

​​𝑄 ↓𝑆 	
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Ø safe	produc;on	 Ø Hollisi;c	op;miza;on	of	
the	heat	demand	

ER	algorithm	

𝐸​𝑅↓𝑖𝑛 = ​​​𝑄 ↓𝐻𝑊, 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 /​​𝑄 ↓𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛  	 𝐸​𝑅↓𝑒𝑥 = ​​​𝑄 ↓𝐻𝑊, 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 /​​𝑄 ↓𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛  	

External 
Energy 
Recipe 

Energy 
demand 

Energy 
supply 

Production 
recipe 

Internal Energy 
Recipe H2S-1 

Internal Energy 
Recipe H2S-2 

Internal Energy 
Recipe H2S-… 

Hybrid-
Heater 1 

Hybrid-
Heater 2 

Hybrid-
Heater … 
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PILOT	PLANT	–	FUNCTIONAL	TEST	
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TesJng	Facility	
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Hydraulic	components	and	connecJons	

HW-Tank	 Steam	Generator	Product	Buffer	

Cooling	
Water	

Product	
Cooler	

Product	
Heater	 HW	Pump	

HW	
Heater	

Control	
Valve	

Three-Way	
Valves	

P-Pump	
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SCENARIO	1	–	HEAT	PUMP	INTEGRATION	
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HiL	ConfiguraJon	for	Scenario	1	

Heat PumpCooling

Holding

Product out Product in

Source 
Load

Profile 
Sink Load

Profile ST

OPC interface

Heat Recovery

PLC: OPC Server

Simulation: OPC client

TP,P,o

TP,P,i

TH,H,o
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Heat	Pump	Scenario	
Falling	Hot	Water	Temperature	
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SCENARIO	2	–	DEMAND	RESPONSE	
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Cooling 
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OPC Interface 
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PLC: OPC Server  
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Demand	Response	Profile	
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ResulJng	Steam	Surplus	
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Demand	Response	Scenario	
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•  Integra;on	for	low	temperature	heat		
–  Heat	pump	
–  CHP	
–  Solar	thermal	
–  Heat	Recovery	

•  Balancing	Energy	Demand	
–  Load	Management	by	Demand	Response	

•  Electrical	steam	generator	
•  Reduced	CHP	

–  Constant	Hot	Water	Demand	

•  Op;mized	Hot	water	grid	

Benefits	from	Hybrid-HeaJng-System	
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Thanks	for	your	a8enJon…	
QuesJons?	

Teile	dieser	PräsentaJon	gehören	zu	den	Projekten:	„	Klimafreundliche	Lebensmi8el	durch	KWK-gerechte	ProdukJonsprozesse“	und	„Systemische	
Kopplung	von	Wärmeströmen	zur	Senkung	des	CO2	–Abdrucks	in	der	Nahrungsmi8elindustrie“		
Diese	Projekte	(HA-Projekt-Nr.:	415/14-05,	HA-Projekt-Nr.:	411/14-01)	werden	im	Rahmen	von	Hessen	ModellProjekte	aus	MiYeln	der	LOEWE	–	Landes-
Offensive	zur	Entwicklung	Wissenschamlich-ökonomischer	Exzellenz,	Förderlinie	3:	KMU-Verbundvorhaben	gefördert.	

Teile	dieser	PräsentaJon	gehören	zum	Projekt:	„Energie-	und	Klimaeffizienz	durch	intelligente	Kopplung	von	Energieströmen”	
„Die	Förderung	des	Vorhabens	erfolgte	aus	MiYeln	des	Bundesministeriums	für	Ernährung,	Landwirtscham	und	Verbraucherschutz	(BMELV)	
aufgrund	eines	Beschlusses	des	deutschen	Bundestages.	Die	ProjekYrägerscham	erfolgte	über	die	Bundesanstalt	für	Landwirtscham	und	Ernährung	(BLE)	im	
Rahmen	des	Programms	zur	Innova;onsförderung.“	
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Benefits	from	Heat	Pump	integraJon	
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