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   The competition (€350 + €30/MWh) 



A heat network 



A heat network 

   Traditional instrumentation and control 



How do we improve heat networks? 

• Know what customers are asking for 

 

• Know what the whole system is doing 

 

• Know what customers are receiving 

 

• Control how the whole system operates 

 



A smart heat network 



Ring Ethernet and Linux backbone 

(prototype hardware) 



A user interface 

(prototype hardware) 



Networked heat interface unit (HIU) 

(prototype hardware) 
(before insulation) 



Networked energy centre (heat supply) 

(prototype hardware) 
(before insulation) 



Networked radiators and room sensors 

(prototype hardware) 
(open source) 



Network hardware (view later) 

(prototype hardware) 
(before insulation) 



Low level hardware (view later) 

(prototype hardware) 
(before insulation) 



Demonstration network 



What do customers ask for? (space heat) 
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(prototype hardware) 



Textbook heating schedule 



Consumer heating schedule 



Empty home 



What do customers ask for? (hot water) 
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(prototype hardware) 

• Blue columns 
– “What % of the time 

is spent at this 
power output? (zero 
power not shown) 

 

• Red curve 
– “What % of the time 

(when there is any 
hot water use) is the 
hot water power 
lower than X kW per 
home? 



Details matter for small substations 
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(prototype hardware) 

5 seconds or 5 minutes? 12.3 kW or 8.3 kW? 



What are the real diversity factors? 
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(prototype hardware) 

(chart smoothed – do not use as design reference) 
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What is happening? (real time) 
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What happened before? (engineers) 



What happened before? (accountants) 
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What did we deliver? (space heat) 

(prototype hardware) 



In-home data 



Heat meters see that there is a problem 



Secondary sensors show the problem 



Secondary sensors show other things 
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Towels/underwear on radiator House party 



“I’m cold” 
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“We can’t rent out this home” 
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What did we deliver? (hot water: meter) 



What did we deliver (hot water: actual) 



Why might we care? (bypass) 



Real time control  

• What is the system being asked for now? 

– Interrupt driven 

– Integrated with service level policy 

• Create a plan 

– Quickly and reliably 

– Handles constraints 

• Implement the plan 

– Delegates control authority 



Real time planner 



Real time service priority 



Aggressive dP control  

Available pump capacity (%) 
(differential pressure = 0 kPa for 12 hrs/day) 



Delegating control and linking equipment 



Predictive control 

• Where am I now? 
– Historic data, physics model, state estimator 

• What am I being asked for next? 
– Heating schedule, keep-hot schedule 

• What else matters? 
– Weather forecast 
– Hot water demand forecast 
– Cost model for consumer comfort / tapping delays 
– Cost model for operating the network  

• What should I do next? 
– Calculate a plan for the real time planner to implement 
– Share the plan with other services on the platform 

 



Model predictive control implemented 



Model predictive control in action 



Sharing information with the consumer 



Implication for system sizing 

12 homes, 120 metres 
20 mm ID, 500 kPa peak dP 

Peak space heat @ 55/35  
Peak DHW @ 55/25 



Implication for system performance 

 

• Interim figures: 
• (usage: 3 MWh/home/yr) 

• (losses: 0.3 MWh/home/yr) 



Learnings? 

• You can build a secure, resilient, real time control system all the way 
down to individual homes using an internet derived platform and 
low cost hardware. 
– Wireless solutions for individual rooms and radiators proved less 

suitable for commercial deployment (maintenance liability) 

• The monitoring information is useful for improving the design and 
operation of standard heat networks. 
– You can use less sensors and infer what is happening once you know 

what to look for (we are developing this next) 

• Basic real time (reactive) control reduces the impact of overload, 
and makes it more acceptable to overload a network regularly. 

• Advanced (predictive) control is promising but truly self-
commissioning, self-optimising networks need more work 
– We have the platform (and want to work with others on algorithms) 


