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Energy management: goal? 
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Ç Maximize the gains from PV 

 

 

Ç Minimize the cost of operation of a system 

 

 

Ç Abide local grid regulations 

 

 

Ç Understand power flows and local matching of consumption and production 
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Energy management: what? 
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Ç Controllable load 

Á Match production and consumption 

 

 

 

 

 

Ç Energy storage 

Á Reshape power profile 

 



This project has received funding from the European Unionôs Seventh Framework Programme for research, technological 

development and demonstration under grant agreement No 308991. 

Energy management: three use cases 
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Ç Electrical and thermal: cooling dominated 

Sub-zero cold store 

electrical chiller 200kW 

passive thermal storage 

PV 250 kWp 

 

Ç Electrical and thermal: heating dominated 

Medium size office building 

heat pump 2*16 kWth 

passive/active thermal storage 

PV 120 kWp (upscaled) 

 

Ç Electrical only 

PV plant 3MWp 

electrical battery storage 
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Electrical only 
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Ç Case study: grid profile tracking 

Á Provide PV plant power to the grid as a trapezium per day 

Á Starquattro, Carinola, Italy. 3MWp 

 

Ç Solutions: 

Á Optimize largest trapezium inside the power profile and curtail any 

excess production 

Á Place a large enough battery and store the excess power to fill a larger 

trapezium 

Á Optimize the ólarge enough sizeô every day to maximize gains by taking 

into account the battery storage investment costs. 

Á Place an optimal size battery and store the excess power to fill a larger 

trapezium 
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Electrical only: optimization problem 

8 

Ç Cyclic boundary condition: start and end of day halfway full battery 

Ç Parameters to optimize 

Á Maximum trapezium, 

o Start and stop time of the ramp up, 

o Start and stop time of the ramp down, 

o Height of the trapezium, 

 

Á ..with battery,  

o The charge and discharge profiles (and thus state of charge) of the 

battery, 

 

Á ..with optimal sizing 

o The cost optimal size of the battery 
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Optimization results 
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Original PV profile 

Sunny day 4th August 

 

Largest trapezium, no battery 

Largest trapezium, large battery 

400 kWh 
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Original PV profile 

Low and variable irradiance,  

7th November 

Largest trapezium, no battery 

Largest trapezium, large battery 

400 kWh 
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Optimization results 
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Ç Battery size optimization needs a cost model for the battery 

 

Tesla powerwall1 specifications are used 

o $3000 (ú2661) for 7kWh 

o Roundtrip efficiency 92% 

o 3.3 kW peak 7 kWh installed 

 

Multiple batteries may be installed together for installations with greater 

energy need, up to 90 kWh total for the 10 kWh battery and 63 kWh total 

for the 7 kWh battery.  

 

 

 
1 http://www.teslamotors.com/powerwall 
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Optimal battery sizes & netto gains 
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Electrical and thermal: heating case 
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Ç Improving state of the art: cost minimization vs Rule Based Controller (RBC) 

Á Optimize heat production in the Kalkkaai 3E building 

o Integrate meteo predictions, future disturbances and measurement 

feedback 

o Keep control of zone temperatures 

o Optimize heating profiles for production unit(s) (gas boiler, heat pump) 

 

Ç Investigate flexibility of the system 

Á Optimal control of the heat production with PV integration 

o lower feed-in tariff (flexible controller) 

o no feed-in tariff   (no feed-in controller) 
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Case study: demonstration case 

16 

Ç Implementation and testing of a model predictive controller (MPC) 
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Results demonstration case: MPC vs RBC 

energy performance 
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R. De Coninck and L. Helsen, ñPractical implementation and evaluation of model predictive control for an office building in brusselsò,Energy and Buildings, 2015 
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Results demonstration case: MPC vs RBC 

comfort vs energy 
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R. De Coninck and L. Helsen, ñPractical implementation and evaluation of model predictive control for an office building in brusselsò,Energy and Buildings, 2015 
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Flexibility with a thermal heating case? 
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Ç Investigate flexibility of the system 

Á Integrate PV by redefining the system as prosumer 

o Heat pumps consume electricity  

o PV produce electricity 

 

Ç Two scenarioôs: 

Á lower feed-in tariff  (flexible controller) 

o Only the energy part of the electricity price1 is remunerated (42.7 %) 

Á no feed-in tariff  (no feed-in controller) 

 

1http://www.sibelga.be/nl/tarieven/tarieven-netgebruik/waaruit-bestaat-uw-energiefactuur/factuur-elektriciteit 
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Results 
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Ç Lower feed-in tariff (42.7% of the electricity take-off tariff) 

 

 

 

 

 

 

Ç No feed-in tariff 

 

 

  Reference tracking 

[%] 

No feed-in 

controller [%] 

No feed-in 

controller with TES 

[%] 

Operational costs 100.0 87.1 85.0 

Electricity use 100.0 123.0 118.0 

Electricity use heat pumps only 100.0 108.0 107.0 

Supply cover factor 54.2 73.6 73.4 

Demand cover factor 41.1 52.6 52.9 

  Reference tracking 

[%] 

Flexible controller 

[%] 

Flexible controller 

with TES [%] 

Operational costs 100.0 95.8 93.4 

Electricity use 100.0 111.0 112.0 

Electricity use heat pumps only 100.0 104.0 104.0 

Supply cover factor1 54.2 65.4 68.2 

Demand cover factor2 41.1 48.6 50.6 
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