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Self Consumption Optimization with HP and PV Day-Ahead-Market 
Using Rule-Based Heuristic Strategies and Comparative Analysis



• Dynamic price thresholds instead of fixed price thresholds (to prevent low activations or 
overheating of the building)

• Cost savings up to 25% may be achieved by using optimal strategies, increasing the 
self-consumption ratio, having almost no influence on the thermal comfort and achieving 
significant peak reductions on the grid
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Self Consumption Optimization with HP and PV Day-Ahead-Market 
Using Rule-Based Heuristic Strategies and Comparative Analysis



Power markets: Secondary Reserve (aFRR)
• Secondary reserve power market in Germany = Frequency restauration reserve (aFRR)

• The demanded power in the secondary reserve market is volatile

• Offers and bids are placed for an entire week 

• Distinction between peak (HT, Monday – Friday, 8:00am to 8:00pm) and off peak (NT)

• Duration of a demand for negative power from the grid is a complicated function of the 
demand and of the structure of plants and other bidders

→ Activation calls are very hard to predict

→ Cheaper bids are activated first

→ Very cheap providers will be called upon almost constantly with few interruptions 

Latency Primary 
Reserve

Secondary Reserve

Minute ReservePo
w

er

Price NT tariff 
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• The simulations show a good load shift 
potential

• 30% of the electrical load could be shifted in 
both cases, positive and negative DR

• For positive DR only minor losses of comfort 
must be tolerated (≤ 1K room temp. 
reduction)

• For negative DR 9 % efficiency reduction 
→ up to 38 % higher load shift potential 
    (NT,-10€/MWh)

• 1 min activation call duration

• Heat pump cycle times are much longer than 
the Ø secondary reserve power activation

→ Reduction of heat pumps life and efficiency

→ Solution: Heating rods, heat pump pool, 
incorporation of battery storage

Impact of Negative aFRR Energy Use for HPs on PV Self Consumption

(NT)
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Impact of Negative aFRR Energy Use for HPs on PV Self 
Consumption



Financial Gains on a Household Level from Negative aFRR
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Results for PV and Heat Pump

Heat pump share of total electricity consumption (11014 kWh): 35%
Annual contribution secondary reserve aFRR to heat pump electricity: 50%
PV own consumption with aFRR: 31%
PV own consumption without aFRR: 33%
Additional electricity demand with aFRR (losses COP and storage): 7%
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• Cluster management strategies for 6 buildings were 
examined (focus on February 2016)

• Different strategies with various price scenarios: negative, 
zero, and positive cost → vary in their number of 
activation calls and their duration

• Cluster manager makes the decision whether the 
buildings should be activated or not when an activation 
call is received

• Two main approaches:

1. Cluster manager provides the aggregator with as much 
energy as it can → Any building will activate its heat 
pump after fulfilling specific requirements (strategy 
2,3,4)

2. The cluster manager always has to provide the 
aggregator with a certain (and constant) amount of 
power, deciding which buildings will be activated 
depending on some criteria

Rule-Based Heuristic Revenue Maximization in the aFRR-Context With 
a Cluster of Buildings: Comparative Analysis Strategies and Pooling Effects on 
Energy Use and Self Consumption, Aggregated Operation and Optimization

Strat.
FRR(-50)

Price: -50 €/MWh
FRR(0)

Price: 0 €/MWh
FRR(+10)

Price: +10 €/MWh

1 Normal control, no activation calls.

2 Activate HP if electrically self-sufficient and T
air

 below 21 °C.

3 Activate HP if electrically self-sufficient and T
air

 below 22 °C.

4 Activate HP if electrically self-sufficient and T
air

 below 23 °C.

5 Choose the 3 buildings with the lowest temperature.
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• Strategy 5 involves the highest number of accepted activations due to no temperature constraints (three 
buildings will always be chosen) 

• The higher the temperature threshold, the higher the number of activations

• The differences between strategies 3 and 4 are much smaller than between strategies 2 and 3

• The number of activations generally increased with the price scenarios which have a higher number of 
activation calls

Average 
activation time

[min]

Number of 
activations

FRR(-50) 3.55 114

FRR(0) 4.50 336

FRR(+10) 14.81 1019
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Rule-Based Heuristic Revenue Maximization in the aFRR-Context With 
a Cluster of Buildings: Comparative Analysis Strategies and Pooling Effects on 
Energy Use and Self Consumption, Aggregated Operation and Optimization



Framework for Baseline Calculation including Using Dynamic 
Temperature Set-Points for PV Self Consumption Optimization
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Framework for Baseline Calculation including Using Dynamic 
Temperature Set-Points for PV Self Consumption Optimization
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Framework for Baseline Calculation including Using Dynamic 
Temperature Set-Points for PV Self Consumption Optimization
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Demand

PV Production

From Grid

Autarky

EUR Result

From Grid rel.

January (4d)

Reference Optimized

81 kWh 82 kWh

8,3 kWh

80 kWh 74 kWh

1 % 8 %

-15 € -15 €
100 % 94 %

March (4d)

Reference Optimized

54 kWh 52 kWh

117 kWh

46 kWh 18 kWh

14 % 66 %

4 € 6 €
100 % 38 %

Autarky

From Grid rel.

1 % 15 %

100 % 101 %

4 % 42 %

100 % 64 %

January (27d) March (23d)



Conclusions
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• PV/heat pump/storage systems in buildings allow 
participation in day ahead and secondary reserve markets

• PV self consumption ratio is not much affected by DR 
actions

• Local optimisation of PV/heat pump/storage systems in 
buildings can strongly increase self consumption and thus 
reduce grid stress



visit Sim4Blocks website:

www.sim4blocks.eu
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