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Resilience assessment and management 

Resilience is a concept initially used to describe the material prop
erty. Its meaning got extended due to Holling’s (1973) famous paper on 
‘Resilience and Stability of Ecological Systems’. Recent years have seen 
some more comprehensive definitions of system resilience, a typical 
example is the one given by The U.S. National Academy of Science - 
"Resilience is the ability to anticipate, prepare for, and adapt to changing 
conditions, and withstand, respond to, and recover rapidly from dis
ruptions" (National Research Council, 2012). With a comprehensive 
definition, resilience, as a concept, may provide an excellent opportu
nity to integrate process safety and security management in a generic 
framework. There are quite a few questions laid in front, including: 

i) What are the similarity and differences between risk and resil
ience concepts in the context of process safety and security?  

ii) How to characterize the disruptions to process plants, and how do 
the impacts of disruptions on system functionality and perfor
mance variabilities? 

iii) How a resilience-based approach can be formed to support de
cisions in process design and operations? 

This special issue collects ten papers to answer the above questions in 
part. These papers are from research institutions located in Europe, 
North America, Asia, and Africa. 

First, a bibliometric analysis on resilience assessment and manage
ment was conducted by Chen et al. (2023) to identify the collaboration 
of institutions and authors, and development trends. It is worth noting 
that the analysis was not tailored for process systems or process opera
tions but resilience assessment and management research in general. 

Two papers (Tong and Gernay, 2023; Pawar et al., 2022) made their 
effort to develop resilience assessment methods for process plants and a 
specific process system, respectively. Both studies adopted the reliability 
and risk concepts and models in forming their resilience assessment 
approach. Notably, Tong and Gernay (2023) used Dynamic Bayesian 
Network (DBN) to account for the interdependencies between process 
facilities and assess their resilience subject to the uncertain temporal and 
spatial evolution of domino effects; while Pawar et al. (2022) modeled 
absorption, adaptation, and recovery capabilities of a process system 
based on its reliability function to indicate its system performance. 
Resilience was then quantified using a commonly-accepted way as a 
ratio of the area under the performance curve to the area under the 
non-disrupted performance curve over the time from the start of 
disruption to the end of restoration. 

Adaptation is an essential capability for a system to be resilient under 
the impact of climate change-induced natural disasters. Amer et al. 
(2023) argued that how resilience is measured affects the efficacy of 

adaptation strategies. This paper proposes a composite resilience metric 
incorporating the general risk management principles and integrates 
system characteristics, social-environmental factors to capture the 
relationship between adaptation and resilience. Additionally, Osman 
et al. (2023) state that properly adapting the topological structure of the 
cyber-physical distribution network may enhance system resilience. A 
multi-objective optimization method integrated with game theory was 
proposed to support resilience-oriented microgrids formation in the 
cyber-physical distribution network. 

Two papers have well demonstrated the usefulness of the resilience 
concept in handling conventional problems such as emergency response 
to natural gas leakages and explosion accidents. The risk-based para
digm is often applied to these problems. Zhang et al. (2023) adopted the 
DBN-based resilience assessment method, integrated it with Functional 
Resonance Analysis Method (FRAM) and Computational Fluid Dynamics 
for explosion consequence estimation, and applied the method to a real 
accident case. It demonstrates how resilience assessment can support 
decision-making in emergency management. Bai et al. (2023) adopted 
safety barrier-based thinking in developing a dynamic resilience model 
to support optimizing emergency strategies. Besides, Sun et al. (2023) 
attempted to establish a resilience-based approach to maintenance 
planning problem. They argued that conventional reliability-based and 
risk-based methods focus much on preventive maintenance while system 
recoverability from unexpected disruptive situations should also be paid 
attention to. A novel resilience metric is developed. Based on which 
optimal maintenance cost is planned. 

Machine-learning approaches can contribute to designing resilient 
systems. To make predictive models effective in enhancing system 
resilience, Vairo et al. (2023) proposed a data-driven approach focusing 
on strengthening the reliability of the learning process of the Hidden 
Markov Model coupled with the Baum-Welsh algorithm. Future studies 
on using machine-learning methods in resilience assessment and man
agement are anticipated. 

As a summative work of this special issue, Yang et al. (2023) dis
cussed the quantitative resilience assessment of complex engineered 
systems. They attempted to propose a general quantitative resilience 
assessment framework based on a triplet resilience definition consisting 
of disruption, functionality, and performance. Despite the promise of 
resilience concept and its modeling approach to improve process safety 
and security, resilience is still relatively new to the risk 
management-focused process industry. A recurring complication is the 
lack of standard taxonomy and execution process. 

Contents lists available at ScienceDirect 

Process Safety and Environmental Protection 

journal homepage: www.journals.elsevier.com/process-safety-and-environmental-protection 

https://doi.org/10.1016/j.psep.2023.08.052    

www.sciencedirect.com/science/journal/09575820
https://www.journals.elsevier.com/process-safety-and-environmental-protection
https://doi.org/10.1016/j.psep.2023.08.052
https://doi.org/10.1016/j.psep.2023.08.052
https://doi.org/10.1016/j.psep.2023.08.052
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psep.2023.08.052&domain=pdf


Process Safety and Environmental Protection 178 (2023) 309–310

310

References 

Amer, L., Erkoc, M., Celik, N., Andiroglu, E., 2023. Operationalizing resilience: a 
deductive fault- driven resilience index for enabling adaptation. Process Saf. Envi
ron. Prot. 177, 1085–1102. 

Bai, Y.P., Wu, J.S., Yuan, S.Q., Reniers, G., Yang, M., Cai, J.T., 2023. Dynamic resilience 
assessment and emergency strategy optimization of natural gas compartments in 
utility tunnels. Process Saf. Environ. Prot. 165, 114–125. 

Chen, C., Li, J., Zhao, Y.X., Goerlandt, F., Reniers, G., Liu, Y.L., 2023. Resilience 
assessment and management: a review on contributions on process safety and 
environmental protection. Process Saf. Environ. Prot. 170, 1039–1051. 

Holling, C.S., 1973. Resilience and stability of ecological systems. Annu. Rev. Ecol. Syst. 
4, 1–23. 

National Research Council, 2012. Disaster Resilience: A National Imperative. The Na
tional Academies Press, Washington, D.C.  

Osman, S.R., Sedhom, B.E., Kaddah, S., 2023. Optimal resilient microgrids formation 
based on darts game theory approach and emergency demand response program for 
cyber- physical distribution networks considering natural disasters. Process Saf. 
Environ. Prot. 173, 893–921. 

Pawar, B., Huffman, M., Khan, F., Wang, Q.S., 2022. Resilience assessment framework 
for fast response process systems. Process Saf. Environ. Prot. 163, 82–93. 

Sun, H., Yang, M., Wang, H., 2023. Resilience-based approach to maintenance asset and 
operational cost planning. Process Saf. Environ. Prot. 162, 987–997. 

Tong, Q., Gernay, T., 2023. Resilience assessment of process industry facilities using 
dynamic Bayesian networks. Process Saf. Environ. Prot. 169, 547–563. 

Vairo, T., Pettinato, M., Reverberi, A.P., Milazzo, M.F., Fabiano, B., 2023. An approach 
towards the implementation of a reliable resilience model based on machine 
learning. Process Saf. Environ. Prot. 172, 632–641. 

Yang, M., Sun, H., Geng, S.Y., 2023. On the quantitative resilience assessment of com
plext engineered systems. Process Saf. Environ. Prot. 174, 941–950. 

Zhang, X.Q., Chen, G.M., Yang, D.D., He, R., Zhu, J.Y., Jiang, S.Y., Huang, J.W., 2023. 
A novel resilience modeling method for community system considering natural gas 
leakage evolution. Process Saf. Environ. Prot. 168, 846–857. 

Ming Yang 
Faculty of Technology, Policy, and Management, Delft University of 

Technology, the Netherlands 
E-mail address: m.yang-1@tudelft.nl. 

M. Yang                                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref1
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref1
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref1
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref2
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref2
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref2
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref3
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref3
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref3
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref4
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref4
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref5
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref5
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref6
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref6
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref6
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref6
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref7
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref7
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref8
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref8
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref9
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref9
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref10
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref10
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref10
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref11
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref11
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref12
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref12
http://refhub.elsevier.com/S0957-5820(23)00753-X/sbref12
mailto:m.yang-1@tudelft.nl

	Resilience assessment and management
	References


