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Ulster progress
Previously Reported

ÅDomestic Heat Pump

ÅWorking with air-source heat 

pump and thermal storage tank 

(water)

ÅHigh Temperature Heat Pump

ÅR245fa providing heat in a 

hospital

ÅOperating with Seasonal 

Thermal Energy Storage



Hybrid Heat Pump

ÁHybrid heat pump / gas boiler set-up

ÁAnalysis 1 month test run

ÁRunning heat pump in series with gas 
boiler

ÁWork in progress
ÁGas hybrid running in parallel based on high/low 

grid demand ςno data yet

ÁIncorporate thermal store into hybrid controller

ÁUse DHW tank with price signals



Hybrid Heat Pump / Gas Boiler Set-Up
Raspberry Pi Computer 
controls relays which controls 
motorised 3-t±Ωǎ

Modified pipe work with 3-t±Ωǎ ŀŘŘŜŘ



Hybrid Heat Pump / Gas Boiler Set-Up
Raspberry Pi Computer 
controls relays which controls 
motorised 3-t±Ωǎ

Wiring schematic for hybrid system:

Á Relays are controlled by Raspberry Pi computer software

Á Can switch between HP only, gas only, HP + Gas in series

Á Can store energy in thermal store and decide when to use it

Á Software to optimise for minimising cost of heat



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

1. Heat Pump heats house only

2. Gas Boiler heats house only

3. Hybrid heating ïHeat Pump to return of gas boiler (boiler and HP in 
series)

1. HEAT PUMP ONLY
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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 Boiler heats house only

3. Hybrid heating ïHeat Pump to return of gas boiler (boiler and HP in 
series)

3. HYBRID HP-GAS SERIES



Hybrid 1 month test run Dec 2016
Running HP and Gas in series (system mode 3)



Hybrid 1 month test run Dec 2016
Running HP and Gas in series (system mode 3)



Hybrid 1 month test run Dec 2016
Running HP and Gas in series (system mode 3)



Hybrid 1 month test run Dec 2016
When running in parallel ïin addition to demand shifting (outside of óDSM windowsô):

Á 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)

Á Below shows cost of heat based on previous figure COPôs for gas boiler and HP vs 

ambient temp.

Á HP cheaper to run above ~7.1 degC



Hybrid ïDSM Strategy
Similar to thermal store DSM strategy

High demand 
window targeted ς
GAS BOILER only 
(Window sizing?)

Low demand window ςHP 
only (less relevant without 
a thermal store demand)

All other times ς
cheapest fuel source 
based on current 
ambient temp

Á Current running strategy ςin 
parallel

Á No thermal store but can be 
included (DHW tank more 
ideal?)

Á Instead of demand use 
market price forecast?

Á No user interaction required

Example of thermal store DSM



Raspberry Pi (RPi) Software Design
Work in progress:
Á Run system based on real time electricity price ïrunning either 

HP or gas only

ÁOptimise for cost of heat based on current COP of HP and COP 
of gas boiler

Á Software algorithm will switch to the cheapest heating mode

Á Figure shows SMP price 
electricity across Ireland

Á Updated every half hour

Á Software will track price 
and change heating 
system as appropriate 
to minimise cost of heat



Future Work - Progress
Á Incorporate thermal store into software

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

Á Design software so HP and gas boiler can run in series 

Á if efficient enough to do so ςhigh power at start then possible to 
modulate off gas boiler when approaching comfortable room 
temperature

Á Use DHW tank as primary thermal store ïincorporate into system 
controls ïadd relay so software can store heat in DHW tank at 
optimum conditions



Domestic retrofit
Broadening the Impact



The Base Case
Ulsterôs Terrace Street
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