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Abstract: The process industry has historically faced catastrophic events involving hazardous materials, influenced by complex technical and external factors. With climate 
change, technological incidents triggered by natural events (NaTech) are increasing. Addressing both technological and natural factors together is essential to mitigate the 
unique risks NaTech pose. This study created a methodological framework for assessing the vulnerabilities of industrial critical infrastructures to multiple hazards in their 
territories, aiming to strengthen resilience. The research estimated the vulnerabilities of industrial components through quantitative analysis of past NaTech event data and 
contextualized territorial vulnerabilities across large and local scales. A multi-risk method was used to assess the NaTech potential at plant level, incorporating not only the 
infrastructure vulnerabilities by function and location, but also the one induced by the hazardous substances stored, thereby improving the awareness.
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Conclusion: This research provides theoretical and methodological generalizations for modelling industrial vulnerabilities against multiple hazards, addressing also 
limitations and necessities of current legal policies. The vulnerability awareness enhancement constitutes the cornerstone to strengthening the resilience of critical 
infrastructures, supporting the decision-making process, and guiding the sustainable transformation of socio-ecological and technological systems.

Technological accidents caused by Natural hazards,   involving the release of  Hazardous materials (Krausmann, 2017).

Energetic Critical Infrastructure 

Vulnerability at municipal scale (baseline)

Quantity (QCs)

QCs: total index of compliance. 
qx(s): amount of substance “x” stored. 
QUx(s): upper threshold amount (UTE) for “x”. 

Multi-hazards: LN (lightning), ETh (extreme temperature hot), FL (flooding). ETc (extreme temperature cold). 
Operators: IAW: Items Absolute Weight. HAW: Hazards Absolute Weight. LPF: Location Priority Factor. IRW: Items Relative Weight. 

Type (Cs)

(Directive 2012/18/EU)

(NaTech)

(Major accident potential) vs. (Hazmat quantity) 

Hazardous Classification

  -Physical hazards

  -Health hazards

  -Dangerous to the environment 

GHS

Major Accident Potential Point 5% of UTE (Annex VI).

• Thermoelectric plant producing 
energy through hydrocarbon 
combustion.
• ASE (atmospheric storage 
equipment), FS (flare stakes),  PE 
(process equipment), PW (pipework), 
MC (machinery),  EE (electrical 
equipment and electronic devices), 
HS (hazardous storage),  BWT (basins 
and water treatment elements).

Energetic Critical Infrastructure overview

Large Scale

Ng  (lightning/year·km2) 

Macro-sectors (Comitato Elettrotecnico Italiano, 2022) Vulnerable population by province/buffer zone 

(Open data)

Meteorological information of interest

Local Scale

Industrial Context of 280 ha (70 cells)

-26% with high vulnerability (orange) 
-9% with critical vulnerability (red) 
-35 % in the exclusion area with high vulnerability 

High vulnerability to floods

Low vulnerability to Seismic

Hazards deployment)

• Lightning
• Earthquakes
• Landslides

• Floods
• Wildfires

• Flash floods

onwards

NaTech potential matrix
very strong direct interactions

strong direct interactions

Cc-Environmental hazards

Toxic water spills

Cb- Physical hazards

Energetic events

Ca- Health hazards

Toxic events

Italian inventory for Major 
hazard industries (MHIs)
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Domino effects

(Beltramino et al., 2022)
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