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Introduction and Previous Work 
Since the 1980s, the term “resilience” occurs more and 

more frequently in energy system analysis. However, 

the consideration and definition of the term primarily 

occurs in a qualitative way. In the last century, the term 

was mainly defined by Holling (1973) as a “measure of 

the persistence of systems and of their ability to absorb 

change and disturbance”. Francis and Bekera (2014) and 

Nan and Sansavini (2017) introduce quantitative 

assessment methods that are adapted in this paper to be 

used for Modelica® simulation results. 

Definition of the Resilience Index 
When evaluating a system’s answer to disturbances, a 

physical value needs to be defined as indicator for the 

system’s functionality, e.g. the room temperature for the 

heating system. The room temperature profile after a 

disturbance is characterized by the recovery time 𝑅𝑇, the 

maximum deviation 𝑀𝐷 outside of the value’s 

tolerances and the performance loss 𝑃𝐿. These elements 

can be used to determine the resilience index: 

𝑅𝐼 =
1

1 + 𝑅𝑇 ∙ 𝑀𝐷 ∙ 𝑃𝐿
 

To obtain a dimensionless figure, normalization values 

are introduced for each element. 

Case Study 

The presented assessment method is applied to a heating 

system of a single family dwelling in which heat is 

supplied by a gas boiler. 

For this system, the failure of the supply pump and 

the failure of the boiler are modeled. Furthermore, the 

reference system is improved by implementing 

windows with a lower heat transfer coefficient or/and a 

hot water buffer storage. The results of the simulations 

are used to compute the resilience indices for each 

disturbance and improvement. 

Conclusion 
Overall, it becomes obvious that large temperature 

drops and recovery times lead to small resilience indices 

which shows that the resilience index reliably reflects 

the resistance and recovery ability of the system. 
Another general aspect that becomes evident, is that 

the resilience indices vary for the same system in 

accordance to the disturbance it is exposed to. Hence, 

one can derive that there is no “absolute” resilience 

index, especially when keeping in mind that the concept 

of resilience also contains the system’s capability to 

keep its functionality up when facing unknown 

disturbances. Therefore, the significance of a resilience 

analysis rises with its number of considered incidents. 

Furthermore the resilience analysis enables the 

location of a system’s weak points which helps to 

choose and initiate system improvements that are the 

most efficient in regard to increasing the resilience. 

Further research should focus on using the resilience 

index on more complex systems including integrated 

energy systems and the evolutions that are necessary for 

these kinds of systems. Hence, it is proposed to allocate 

one resilience index for each integrated sector and 

combine them into one overall index which will make it 

possible to evaluate complex system changes, e.g. a 

rising share of renewables, with regards to resilience 

aspects. 

Acknowledgements 
The authors greatly acknowledge the funding from the 

German Federal Ministry of Economic Affairs and 

Energy for the project “ResilientEE - Resilience of 

integrated energy networks with a high share of 

renewable energies”, project number: 03ET4048. 

Keywords: Resilience, Energy Supply Systems 

Assessment, Heating 

Reference list 

Francis, R. and Bekera, B. (2014) ‘A metric and 

frameworks for resilience analysis of engineered and 

infrastructure systems’, Reliability Engineering & System 

Safety, 121, pp. 90–103. doi: 10.1016/j.ress.2013.07.004 

Holling, C.S. (1973) ‘Resilience and Stability of 

Ecological Systems’, Annual Review of Ecology and 

Systematics, 4(1), pp. 1–23. 

doi: 10.1146/annurev.es.04.110173.000245 

Nan, C. and Sansavini, G. (2017) ‘A quantitative method 

for assessing resilience of interdependent infrastructures’, 

Reliability Engineering & System Safety, 157, pp. 35–53. 

doi: 10.1016/j.ress.2016.08.013 


	Session 6A: Buildings 4
	Evaluating the Resilience of Energy Supply Systems at the Example of a Single Family Dwelling Heating System


