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What are the biggest challenges

facing HP today?




* High installation cost f%
* Perception of low comfort =°

 High peak power consumption



High installation
cost:

e Shortage of skilled
labor

* Potential house
upgrades:

- Electric panel

- Ducts




_o~ Perception of low
— comfort:

e Conditioned space
is cooled during
defrost cycles

* Lower capacity at
lower T, .,




% High peak power
consumption:

* Probable higher
electric bills

e Added load to the
electric grid







Develop a Modular CCHP for Space Conditioning

and Water Heating

Compared to a typical residential heat pump:

* Installation: A 40% reduction in cost and 50% reduction in time
* 4-hour peak-load reduction: 50% in summer; 40% in winter

* Electricity use: 25% reduction including TES charging

* Payback period: 2-3 years with TOU pricing

— A TES module cost of less than $40/kWh,,, (including connecting
hardware)
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[%Modular CCHP for Space Conditioning and Water

Heating

Outdoor refrigerant to glycol module
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Glycol conditioning modules
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Conditioning Modules
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Outdoor Refrigerant/Glycol Module:

Config 1 (Basic)
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Outdoor Refrigerant/Glycol Module:

Config 2 (Cold Climate)
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Novel Operating Modes
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Defrost Cycle with Space Heating
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% Space and Water Heating with TES discharge
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Space and Water Heating with TES charge
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Winter Day Simulations




Winter Day in Minnesota
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*Typical meteorological year 3 (TMY3) data (single winter day)
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Winter Day in Minnesota: Loads
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*BEopt (Building Energy Optimization Tool) software simulation data
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Winter Day in Minnesota: Baseline System
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Baseline System Results
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New System Reduces Power Consumption during

Peak Time by 33%

Peak Time Total Energy
Pow (kW) (kWh)
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Conclusions and Future
Work




Conclusions:

* Space conditioning and water Microchame I
heating cold-climate HP that can: — =_
X Subcooler CondenshgrSHx Desuperheater
* Heat during defrost cycles (< o
B
* Reduce peak power all year Giyeol col | -
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Future Work

* System Optimization:
e Control algorithms

* Modules design

* Build and test prototype

* Evaluate installation time and cost
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Thank you
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1a) Defrost Cycle with Space Heating
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Dual Fuel
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Dual Fuel
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4a) Space Cooling and Water Heating
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4a) Space Cooling w. TES Discharge
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-

Refrigerant inlet

e,

Multi-section HX

—» Glycol outlet 1

Glycol inlet 1 —-@ @

+> Glycol outlet 3

Glycol inlet 3 = Refrigerant outlet
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Flurd Temperatures [C]

Multi-section HX

120
110
100
40
B0

f=  im

e B

HX3 HX2 HX1
R290 - Propane
!_‘—\‘ I A 125 i :
N B /
o -] 100
&4
qgﬁ-mﬁpﬁr o 75 400
@Hflﬂ d’-’“ e Hi3: Additional
Q& Q‘:.}’ B 50| Retgerant subcocing ]
2 2 00 -
SRR eI o
. el =
p '__,_._..4—!—“"" .; £ . | ; ]
;# e o S Rechucad GO0 kg
i“;" ngh ﬂDW Pt O Throtte Lodses |
P |
“x-.‘:.h' 25 i 2b3hPa ;
2 04 o0 kpa OB i \l\
00 250 300 350 400 450 500 550 600 650 700 750 800 50 L - '- : "
Refrigerant Enthalpy [kJ/kg] 0.50 1.00 150 2.00 2.50 3.00
Entropy [kJ/kg-K]

NREL | 34



	What are the Biggest Challenges Facing HP Today? 
	High Installation Cost
	Perception of Low Comfort
	High Peak Power Consumption
	What are we Doing to Address These Challenges? 
	Develop a Modular CCHP for Space Conditioning and Water Heating
	Modular CCHP for Space Conditioning and Water Heating
	Conditioning Modules
	Outdoor Refrigerant/Glycol Module: �Config 1 (Basic)
	Outdoor Refrigerant/Glycol Module: �Config 2 (Cold Climate)

	Novel Operating Modes
	Defrost Cycle with Space Heating
	Space and Water Heating with TES Discharge
	Space and Water Heating with TES Charge

	Winter Day Simulations
	Winter Day in Minnesota
	Winter Day in Minnesota: Loads
	Winter Day in Minnesota: Baseline System
	Baseline System Results
	New System Reduces Power Consumption During Peak Time by 33% 

	Conclusions and Future Work
	Conclusions:
	Future Work

	Additional Slides
	1a) Defrost Cycle with Space Heating
	Dual Fuel
	4a) Space Cooling and Water Heating
	4a) Space Cooling w. TES Discharge
	Multi-Section HX




