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alternative to a real-time grid demand signal. A small test was also run with the HP in series 

with the gas boiler. Due to the lack of a combined control, this mode resulted in reduced 

operating efficiency, however this could be removed with simple control optimisation. 

The Raspberry Pi enabled low cost robust fully automated smart grid capability for relatively 

little cost. The occupants of the test house were unaware of the source of the heat and 

maintained the existing heat controls. Occupant thermal comfort was never compromised, 

and occupants were never encouraged or discouraged to use their heating system any 

differently to the gas boiler installation. The research shows that carbon intensity of domestic 

heating can be lowered when using an ASHP. Coupled with well-designed thermal storage 

the impact of electrified heating on the grid network can also be managed with simple and 

cheap technology without compromising on user thermal comfort. This will come with an 

efficiency compromise due to storage losses however if storage coincides with otherwise 

curtailed wind energy overall grid efficiency will increase.  
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4 
Table 1-1 Number and proportion of households in the UK, with at least one usual resident, by type of main space heating fuel. The data is from the 2011 UK 
Census. Figures for England and Wales sourced from Office for National Statistics (2018); Scotland sourced from National Records of Scotland (2014); and 
Northern Ireland sourced from NIRSA (2012). 

Central Heating England % Scotland % Wales % Northern Ireland % UK Total % 

All categories: Type of central 

heating in household 
22,063,368 100.0 2,372,777 100.0 1,302,676 100.0 703,275 100.0 26,442,096 100.0 

No central heating 594,561 2.7 54,965 2.3 29,534 2.3 3,766 0.5 682,826 2.6 

Gas central heating 17,386,813 78.8 1,761,431 74.2 993,557 76.3 120,956 17.2 20,262,757 76.6 

Electric (including storage 

heaters) central heating 
1,828,589 8.3 317,831 13.4 72,176 5.5 24,671 3.5 2,243,267 8.5 

Oil central heating 848,145 3.8 135,223 5.7 113,984 8.7 437,269 62.2 1,534,621 5.8 

Solid fuel (for example wood, 

coal) central heating 
149,694 0.7 26,209 1.1 24,987 1.9 18,120 2.6 219,010 0.8 

Other central heating 357,916 1.6 16,608 0.7 11,618 0.9 4,083 0.6 390,225 1.5 

Two or more types of central 

heating 
897,650 4.1 60,510 2.6 56,820 4.4 94,410 13.4 1,109,390 4.2 
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Controls for comfort and energy efficiency have developed greatly since the installation of 

the first domestic central heating systems. There is now a minimum standard of system 

control required by building regulations. The drivers for control advances has been lifestyle 

changes were flexibility and automation provide greater convenience, the desire to have 

greater control over the thermal comfort conditions within the home, advancements in 

electronic controls and subsequent reducing costs, and the increasing awareness of the need 

to reduce energy consumption and improve energy efficiency. The control capabilities have 

developed from simple on/off, through to timed controls, room thermostats controlling 

single or multiple zones within the house, basic hot water storage control to separate space 

heating and hot water control, right through to fully digital wireless controls which can 

control individual radiators, room temperatures, and hot water storage requirements 

remotely via mobile phone apps. However, the basic premise of what good systems controls 

should do has remained fundamentally unchanged since the installation of the first domestic 

central heating systems. The main objectives of the control system should seek to provide an 

automated method of maintaining thermal comfort throughout the heating season, regulate 

the system so that it operates as designed, ensure the heating system operates at maximum 

efficiency thereby reducing running costs, conserving energy, and reducing the carbon 

footprint of the home. 

The most basic controls in dwellings up to 150m2 which include a domestic hot water cylinder 

consist of a boiler interlock, space heating control via a single room thermostat, generally 

located in the most occupied room, and a hot water cylinder thermostat. Both the space 

heating and hot water control should be independent and programmable via a timer. It is 

generally good practise to install thermostatic radiator valves (TRVs) in all rooms apart from 

the one with the room thermostat. For heating systems without hot water storage were hot 

water is produced instantaneously via a combination boiler the same applies excluding the 

need for the hot water control. 

In England the upgrading and new installation of heating appliances is covered by The 

Building Regulations 2010: Conservation of Heat and Power in existing Dwellings Part L1B 

(HM Government, 2018) which includes the most recent set of amendments which came into 

force in April 2018. The document corresponds to the Northern Ireland building regulations: 

Part F (Conservation of fuel and power) of the Building Regulations (Northern Ireland) 2012 

(The Department of Finance and Personnel, 2012). The most recent amendment adds the 

requirement of the control system, described in the prior paragraph, to include one of the 
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Figure 1-2 Example layouts for new heating systems in dwellings up to 150m2 and for 
replacement boilers in all dwellings to ensure building regulation compliance. Adapted from 
(BEAMA Limited, 2018).  
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to provide the required demand-side-response (DSR) functionality by switching heat pumps 

on and off, charging/discharging thermal stores at the most appropriate times, or rather than 

on/off control there could be a setback function which reduces the thermostat temperature 

or reduces flow temperature depending on the level of DSR required. In addition, by allowing 

third party controls and software (i.e. not that of the heat pump manufacturer or energy 

suppliers) there may be the potential for greater innovation and competition in the 

technology and software, the potential for greater returns for the home owner, and 

therefore likely greater uptake of such technology. The grid side is then managed by the 

system operator sending out a simple signal to indicate the desired demand side response, 

and the energy supplier supplies electric on an incentive based tariff. This simple method 

means all participants in the smart grid get rewarded.  
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energy make up the national electricity. Therefore, heat pumps have good potential for 

reducing the carbon intensity of heating homes and will only get better as reliance on fossil 

fuels for electricity production reduces. 

Generally, heat pumps that will be installed in a domestic home will use a vapour 

compression refrigeration cycle which utilises an electrically driven compressor. The 

thermodynamic cycle, taken from Watkins (2011), is illustrated in Figure 1-3. 

 

Figure 1-3 Heat pump vapour compression cycle (Watkins, 2011) 

The cycle has four basic components comprising a compressor, condenser, expansion valve 

and evaporator. Superheated refrigerant vapour at low pressure enters the compressor 

where it is compressed to a high temperature high pressure vapour. It then enters a 

condenser which is either an air or water heat exchanger which sinks heat from the 

refrigerant (as it is lower temperature) cooling the vapour refrigerant and causing it to 

condense to a sub-cooled liquid which is still at high pressure. From the condenser it enters 

an expansion valve which causes a pressure and further temperature drop. The refrigerant 

then enters the evaporator as a low pressure low temperature mixture of liquid and vapour. 

In the evaporator the refrigerant absorbs heat from a low grade heat source (typically air or 

water) causing the refrigerant to evaporate before returning to the compressor as a 

superheated low pressure vapour to repeat the cycle. 
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better investment strategy than investing in gas infrastructure given the need to decarbonise 

the heating sector across the country, not just in urban areas. 
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Figure 1-4 Split unit air-to-water heat pump (Watkins, 2011) 

Figure 1-6 Heat pump with supporting conventionally fuelled boiler 
(Watkins, 2011) 

Figure 1-5 Shallow trench ground source heat pump, looped pattern (Watkins, 
2011) 

Figure 1-7 High temperature air-to-water cascade heat pump (Daikin, 
2018) 






















































































































































































































































































































































































































