
WP3.3: Advanced Electric Heat Pump  
January 2016 

 
Prof Neil Hewitt 
Dr Mingjun Huang 
Dr Nikhilkumar Shah 
Dr Inna Lytvyn 
Christopher Wilson 
Le Khoa 
 
 

Ulster University 



Context 

ÅWP3.3 has a number of roles for advanced air 
source heat pumps: 
ïDemand side management/response 
ÅIntegration with storage 

ïUpgrading Heat Pump 
ÅNew working fluids 

ïMeeting householder thermal needs 
ÅOperation as a DSM mechanism for non-dispatchable, 

variable renewable energy 

ÅUnderstanding wider domestic heat demand patterns 

ïIntegration into energy markets 
 



Heat Pump & Controller Set-Up 



System modes 
Å Controllable heating modes via 2 3-PV: 

1. Direct heating of house via electrical heat pump (DIRECT) 

2. Heat pump stores heat in 600 litre tank (STORING) 

3. Heating of house from storage tank (INDIRECT) 

1. DIRECT 3. INDIRECT 2. STORING 



Raspberry Pi (RPi) 

Å Demand Side Management 
Controller 

Á RPi ŎƻƴǘǊƻƭǎ ΨǎȅǎǘŜƳ ƳƻŘŜǎΩ Ǿƛŀ ǿƛǊƛƴƎ 
configuration and pre-programmed 
decision making algorithm. 

Á The programme aims to minimise 
effect of HP on electric network at 
peak electric demand times and make 
use of low price electricity at low 
demand times by load shifting. 

Á It decides the best time to 

store heat and best time 

to use store to achieve 

this. 

ÁHeat is provided directly 

from HP in between. 



RPi Programme 

System Operator Data Online for NI 

Actual System 
Demand 

Forecast System 
Demand 

Digital Temperature 
Sensor on storage tank ς 
Direct connection to RPi 

1. Programme gets data from web and 
tank temp sensor 

2. Calculates demand data 
3. Makes system mode decision based on 

forecast demand and tank temperature 
4. Activates or deactivates control relays 
5. Repeats loop every minute 



Data & Analysis 

System Mode HP Elec. (kWh) HP Heat (kWh) COP Heat to House 
(kWh) 

Direct 3425 7817 2.28 7181 

Storing 772 1480 1.92 ----- 

Indirect ----- ----- ----- 492 

Sum 4179 9297 ----- 7673 

Table 1 ς Summary of energy use in RPi DSM mode between 1st June 2015 ς 30th Nov. 2015 

Á Percentage demand shift: 492/7673 = 6.4%, @ 100% storage efficiency this would 
be 1480/7673 = 19.3%. 

Á Thermal storage efficiency across period is 31%, however average daily efficiency is 
typically 38%. 

Á Increasing time between thermal storage and use reduces the effective demand 
shift and thermal efficiency of the tank. 

Á Actual stored heat to house is less than the initial electrical input into the HP ς 
ŜŦŦƛŎƛŜƴŎȅ ƻŦ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǘŀƴƪ ƴŜŜŘǎ ƳǳŎƘ ƛƳǇǊƻǾŜƳŜƴǘΧ 



Data & Analysis 

Á COP of HP is reduced when storing heat because ability of HP to transfer heat to 
tank when approaching storage temp of 75ÁC (max flow temp of HP = 80ÁC) 

Á Storing to a lower temperature may improve ς but reduces energy stored and 
effectiveness of radiators. 



Data & Analysis 

HP Storing HP Using 

Actual System electricity 
demand for NI 

ÅTypical week of DSM control Mon 9th- Sun 15th 
November 2015 



Reliability & Benefit of Controller 
Á Controller running from June 2015, with only minor programming corrections 

required. Actual hardware has proved reliable to date. 
Á This is a low cost programming solution which allows a number of opportunities to 

be explored in terms of DSM. At 100% thermal storage efficiency it is possible to 
shift 19.3% of heat demand to might time price tariffs. 

Á As the controller requests data ς a single website can be used to issue the demand 
response required. This can be a single or combination of responses. Ease of 
implementation in terms of system operator point of view. 

Á For example an array of enabled 
HPs could be used as load 
shedding tools by the system 
operator when network stability 
issues arise e.g. wind curtailment 
events ς switch on HPs rather 
than switching off wind farms. 



Issues to Overcome 
Å Future Work 

Á Performance and effectiveness of current DSM setup is 
predominately limited by the thermal storage efficiency of the tank. 

Á RPi controller works reliably but tweaking of some programming 
parameters may be required and further feasibility analysis of the 
system will be completed. 

ÁMatlab modelling to test scenarios across different housing stock, 
heat demand patterns, thermal storage efficiencies, HP COP 
performances, DSM scenarios. 

Matlab house 
heating model 
example 
starting point. 
Figure ref: 
Matlab (2015) 



PLEXOS® Integrated Energy Model 
PLEXOS common model workflow

9 June, 2014 Energy Exemplar 4

Objective function:  
  minimize ὋὩὲὩὶὥὸὭέὲὅέίὸ  

          Min{SMPh*Dh} 



PLEXOS® Integrated Energy Model 
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Peak demand 

Domestic electricity and heating profiles based on Smart Metering trials (CER trial (9000 
ƘƻǳǎŜƘƻƭŘǎΣ whLύ ŀƴŘ άShift&Saveέ ǘǊƛŀƭ όнлл ƘƻǳǎŜƘƻƭŘǎΣ Coleraine), NI Electricity) 



PLEXOS® Integrated Energy Model 

Correlation between daily maximum 
temperature and heating demand ς 76% 
 
HP performance varies by season and time 
of the day 
 
Thermal energy storage efficiency varies 
by season and time of the day  
 
Dynamic HP COP and ES efficiency 
implemented into the future model 

y = 0.0004x2 + 0.046x + 2.6782 
R² = 0.9929 
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PLEXOS® Integrated Energy Model 

Extrapolating to 20% of 2.5M Homes? 



Control of Systems 

New modules in TRNSYS (Weather, End-Users, Building response, HP response 
Energy Storage Performance, Renewable energy integration, Market models) 


