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Ulster progress
Previously Reported

A Domestic Heat Pump

A Working with air-source heat
pump and thermal storage tank
(water)

A High Temperature Heat Pump

A R245fa providing heat in a
hospital

A Operating with Seasonal
Thermal Energy Storage

™
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Heating COPh
Capacity

kW/kW

40.36 7.82 5.16 6.2 75.48

28.33 6.12 4.63 4.45 51.64 4.13

38.63 6.97 5.54 6.52 70.15 3:31

37.84 6.76 5.59 6.22 66.67 3.34



Hybrid Heat Pump

A Hybrid heat pump / gas boiler set-up
A Analysis 1 month test run

A Running heat pump In series with gas
noller
A Work in progress

A Gas hybrid running in parallel based on high/low
grid demand; no data yet

A Incorporate thermal store into hybrid controller
A Use DHW tank with price signals
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Hybrld Heat Pump / Gas Boiler Set- Up

EXISTING SETUF
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Hybrid Heat Pump / Gas Boiler Set-Up

Wiring schematic for hybrid system:

A Relays are controlled by Raspberry Pi computer software

A Can switch between HP only, gas only, HP + Gas in series
A Can store energy in thermal store and decide when to use it
A Software to optimise for minimising cost of heat
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Hybrid System modes

Controllable heating modes via motorised 3-PV and raspberry pi as
controller:

1. Heat Pump heats house only
2. Gas Boller heats house only
3. Hybrid heating T Heat Pump to return of gas boiler (boiler and HP in

series)
Gas
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Hybrid System modes

Controllable heating modes via motorised 3-PV and raspberry pi as
controller:

1. Heat Pump heats house only
2. Gas Boller heats house only
3. Hybrid heating T Heat Pump to return of gas boiler (boiler and HP in

series)
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Hybrid System modes

Controllable heating modes via motorised 3-PV and raspberry pi as
controller:

1. Heat Pump heats house only
2. Gas Boller heats house only
3. Hybrid heating T Heat Pump to return of gas boiler (boiler and HP in

series)
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Hybrid 1 month test run Dec 2016

Running HP and Gas In series (system mode 3)

Daily Energy Consumption Dec 2016
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Hybrid 1 month test run Dec 2016

Running HP and Gas In series (system mode 3)

Hybrid Power Comparison 16th Dec 2016
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Hybrid 1 month test run Dec 2016

Running HP and Gas In series (system mode 3)

Hybrid COP - Daily Average December 2016
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Hybrid 1 month test run Dec 2016

When running inparalleli i n addi ti on to demand shifting

A Controller will decide cheapest fuel source based on ambient temp and current
cheapest domestic fuel prices - below 4p/kwh gas, 12p/kwh electric (source:
Consumer Council NI, Jan 2017)

Bel ow shows cost of heat based on previou
ambient temp.

HP cheaper to run above ~7.1 degC

HP vs Gas Heat Price Cost
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Hybrid T DSM Strategy

Example of thermal store DSM

Low demand window HP
only (less relevant without =—*

21500
a thermal store demand) =
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Raspberry Pi (RPi1) Software Design
Work in progress:
A Run system based on real time electricity price i running either

HP or gas only

A Optimise for cost of heat based on current COP of HP and C
of gas boiler

A Software algorithm will switch to the cheapest heating mode

The Single Electricity Market Overview 1st December 2014 A Figure shows SMP price

[Exhnioizndfes v electricity across Ireland
SEERESSE - . A Updated every half hour
8000 120 [ View Chart Data ] . ] ]
o Currency: A Software will track price
8 4000 . and Change heating
: . : system as appropriate
% 2000 'ﬂiﬂ... 40 E Trading Day Statistics to minimise cost of heat
Min Daily Price:
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Future Work - Progress

A

Incorporate thermal store into software

A Store heat based on lowest electricity price or lowest demand in day
A Use heat at highest price or highest electricity demand in day

Design software so HP and gas boiler can run in series

A if efficient enough to do sq high power at start then possible to

modulate off gas boiler when approaching comfortable room

temperature

Use DHW tank as primary thermal store i incorporate into system
controls i add relay so software can store heat in DHW tank at

optimum conditions
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Domestic retrofit
Broadening the Impact
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The Base Case
Ul ster 0s Terrace Street
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The Base Case
Ul st er 60s
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