32nd HEXAG Meeting at Newcastle University, 19th May 2015
Smart control of domestic heat pumps
Prof Chris Underwood

HEAT PUMPS FOR SPACE HEATING AND DHW

According to the First Law: Qc  Qe  Wc
Practical cycle, for a heat pump: CoP  Qc / Wc  Qc / (Qc  Qe )
CoPRefrigerator  Qe / Wc  (Qc  Wc ) / Wc  (Qc / Wc )  1  CoPHeatPump  1
That is: CoPHeatPump  CoPRefrigerator  1

(Figures reproduced courtesy of the US DOE Office of Energy Efficiency and Renewable Energy)

WHY HEAT PUMPS?

 In the UK alone 300,000 domestic gas boilers are replaced every year.
 At best, each operates at a seasonal mean efficiency of 0.92 (*).
 Each will discharge 0.055/0.92 = 0.06kg of carbon per unit of energy
delivered to the connected heating system.
 A heat pump, operating with a CoP of 3, will discharge 0.137 (**)/3 =
0.046kg of carbon – 23% less than the best gas boiler.
 Heat pump ‘break even’ CoP with respect to the best gas boiler is 2.3.
 Thus the case for heat pumps is convincing.
* Recent surveys suggest that as many as 90% of UK domestic gas boilers rarely
condense which means that their seasonal efficiencies are more likely to be around 0.85.
** Bettle et al. in Energy Policy 34(18), 2006

UK DOMESTIC HEATING BY TECHNOLOGY TO 2030

(Notwithstanding fracking,
the pressure is on to diversify
away from gas for those
countries without indigenous
reserves)

Source: The future of heating: Meeting the challenge. London: Department of Energy and Climate Change.
[Online] Available at:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/190149/16_04-DECC-The_Future_of_Heating_Accessible-10.pdf
(accessed November 2014)

DOMESTIC HEAT PUMPS – A WELL-ESTABLISHED KIT OF PARTS
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THE PROBLEM

CONTEXT

 Conventional case: fixed-speed thermostatically-controlled compressor
with separate mechanically-actuated expansion device control.
 Variable-speed compressor technology is, however, well developed and
fully mature – widely adopted in so-called ‘VRF’ air conditioners.
 In this work, the potential of a variable speed domestic heat pump is
investigated through the development of a new multivariable fuzzy logical
control system.

 Fuzzy control has considerable appeal in this application because heuristic
rules can be easily defined to inform plant control.

METHOD

 Distributed-parameter model to inform controller design validated using
experimental data from a conventional heat pump test rig.
 Control objectives: capacity control by varying the compressor speed in
response to heating system temperature; superheat control by varying
expansion device position in response to evaporator refrigerant superheat.
 Recognition that both variables are coupled (i.e. action on compressor
speed will disturb superheat and vice-versa).

 Evaluation of the new control system with reference to conventional fixedspeed thermostatically controlled heat pump applied to typical domestic
heating demand profiles.

DISTRIBUTED-PARAMETER MODDELLING

Compressor identification…

Heat exchanger modelling…
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Fitted parameters then used in a conventional
compressor model…
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Expansion device modelling…
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MODEL BEHAVIOUR

(a) Heat output / (b) Power drawn / (c) Superheat / (d) Outlet heating temperature

CONTROLLER DESIGN

FUZZY SETS AND RULES

CONTROLLER TESTING – DOMESTIC LOAD PROFILES

RESULTS – CAPACITY TRACKING PERFORMANCE

Example: Upper quartile day

RESULTS – SUPERHEAT TRACKING PERFORMANCE

Example: Upper quartile day

RESULTS – MAXIMUM STARTS AND START VIOLATONS

(Violation criterion: > 10 starts per hour)

RESULTS – CoP vs. BUFFER STORAGE CAPACITY

(a) Upper quartile day / (b) Median day / (c) Lower quartile day

CONCLUSIONS

 The purpose of this work was to demonstrate the potential of variable speed
domestic heat pumps with smart control.
 Superior tracking control of both heating system temperature and evaporator
superheat has been demonstrated and an improvement in performance (i.e.
reduction in energy) averaging 20% over conventional thermostatic control, as
well as a reduction in heat pump starts with beneficial consequences for
compressor wear.
 Further work is needed to explore a wider range of fuzzy sets and controller
rules with a view to further improvements.

 Limited thermal storage would still be required due to limitations on minimum
compressor speed and further work might also be pursued regarding compact
thermal storage in this regard (i.e. phase change materials).

