
Carbon Mitigation Potential of Heat Pump 
Integrated with Thermal Storage for Grid-

Interactive Residential Buildings
Sara Sultan, Ph.D.

Bredesen Center, University of Tennessee/Oak Ridge National Lab

15-18 May 2023, Chicago, Illinois 1



Building Energy Consumption
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Residential Peak Load

15-18 May 2023, Chicago, Illinois 3

78%
peak electric 
consumption 
from 2-8 PM

80%
electricity 
consumption 
in U.S.



Time of Day

U
til

ity
 R

at
e

PCM-TES

Load shifting using PCM-TES
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Literature Review
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• Papers reported are either passive or hybrid 
TES. 

• Majority of the works evaluate the electric HP 
emission reduction in comparison to gas 
furnaces as a reference

• DR control strategies to shift the peak load, 
and corresponding emissions were reported

• Emissions calculated by deriving relations to 
the energy consumption and power usage

• No studies use emissions data to develop 
control strategy for decarbonization



System Configuration

15-18 May 2023, Chicago, Illinois 6

• TES does not cool the building directly, but heat transfer occurs through HP
• Modeled in Engineering Equation Solver and Excel

A) TES Discharging in Cooling mode B) TES Charging in Cooling mode 



System Configuration
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• R410A  VCS coupled to water/ice-embedded TES at a constant 0°C
• VCS has a negative temperature gradient to move the building thermal load
• PCM heat exchanger as heat sink or source and analyzed for cooling mode



System overview and Utility tariff
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• System’s performance evaluated for cooling
• Hot week (June 24-30, 1994) of ASHRAE climate 

zone 3B
• TMY 3 weather data for Fresno, CA
• The location correlates to the utility pricing from 

residential Time-of-Use rate

TOU Utility Tariff for ASHRAE climate zone 3B and 3C 

On-peak rate On-peak hours Off-peak rate Off-peak hours

$0.39689/kWh
4pm-9pm, 

June1-Sep30, 
M-F

$0.29383/kWh

9pm-4pm, 
June1-Sep30, M-F
All times, June1-
Sep30, Sat & Sun



System Controls
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Information flow
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Grid emissions data
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• Fresno annual grid emissions 
during 2022

• The tool generates emissions 
schedule based on continuous 
emissions and electricity 
generation data from major fossil 
fuel plants in the U.S. 

• The data from January until 
November 15 is real time, and rest 
is projected based on historical 
data.



Emissions and Cost reduced with TES
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11.9% reduced grid emissions 12.7% reduced consumer cost



Conclusions and Findings
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• Carbon emissions reduction potential of HP-TES evaluated using a 
rule-based strategy accounting for marginal grid emissions data and 
time-of-use utility tariff. 

• HP-TES performance evaluated for cooling (June 24-30, 1994) 
• TMY 3 weather data for Fresno, CA (ASHRAE climate zone 3B)
• The utility cost for cooling was reduced by 12.68% 
• The total electric consumption was reduced by 10.19% 
• 50.2% of peak electric load was shifted to off-peak time. 
• 11.92% of grid emissions were reduced
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