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Limitations and challenges in the Seveso lll : State-of-the-Art
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Although Seveso Il Directive (2012/18/EU) serves as a benchmark for industrial
plants in Europe and globally, some recognized limitations are present:

e  The uncertainties involved in complex systems are not well addressed.

e  The temporal variability of the hazards and the system gradual degradation are just
cited, but analysed separately.

e Limited scope of hazard identification.

e Regulatory uncertainties in risk prevention study validation.

e  Underestimation of High-Impact Low-Probability (HILP) Scenarios.

e  Frequent disconnection between technical and social or territorial factors.

e  Reporting criteria match non-Seveso facilities.

e Differences in legal, geographical, and cultural contexts for transposing the
2012/18/EU Directive to the Member States.




Foreseen scenarios for the Climate Change impacts on CI

EU strategy to make Europe more resilient to Multiple Climate -
-l Hazards (Multi-hazards) affecting the same territory. {***:
215 <2050 Expected annual damage to critical infrastructure (Stoerk et al., 2018). European
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Shift of paradigm
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Punctual assessments of Technological Risk
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Different Resilience Approaches: Vulnerability awareness as common element

Territorial Resilience is a central topic in the debate on multi-hazards affecting SETSs.

Territorial Resilience
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Place-based procedure for characterizing the NaTech vulnerability

Classification of ICIs according to the functional attributes of
interest
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Focus on Nation/region (Large scale)

a) Pie-charts by region for industrial macro-sectors. b) Density of lightning to the ground
(lightning/year-km?).
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Higher lightning density at north.
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Focus on Nation/region (Large scale)

8 categories of Macro-sector within the Process Industry

Macro-sector

Description (Casson Moreno et al., 2018)

Chemical &
Petrochemical

Storage &
Warehousing

Power production

Bioprocesses

Water treatment

Transportation

Pipeline
Manufacturing

Chemical activities, including pesticides production,
pharmaceutical industry, production of basic
chemicals. Petrochemical activities, including
refineries.

Sites where chemicals are stored in appointed
equipment (i.e. storage tanks) and storage buildings
(warehouses/depots).

Power production plants using hydrocarbons (thermal
power stations). Nuclear power plants were not
included in the present analysis.

Treatment of organic waste and waste fermentation
juices; food industry.

Treatment of water for industrial and domestic
purposes (excluding bioprocesses-related waters and
slurries).

Transportation of hazardous materials via road, rail
and water.

0il and gas transportation via pipelines.

Metal working, textile industry, activities related to
automotive sector where hazardous substances are
used.




Focus on Region/Province (Large scale)

Safety Regional
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Focus on Municipalities (Medium scale)

Province H HH
Tool to measure the local vulnerability using a Systemic vulnerability Iy
multi-risk approach, which integrated multiple
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A1: Landscape sensibility
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Economy and Population (C)

B2: Building constructions characteristics

C1: Population density

B3: RES energy self-sufficiency

C2: Elderly population incidence

B4: Communication infrastructure density

C3: Immi grant population incidence

B5: Road infrastructure density

C4: Manufacturing activities density

/

Pressures Hazards

ALU: Flash floods

ALA: Floods

IBO: Wildfires

FRA: Landslides
SIS:Earthquakes

RIR: Major industrial risk

CDS: Soil consumption
OBS: Building obsolescence
OLD: Ageing population




Focus on Municipalities (Medium scale): How the multi-risk tool works?

Mathematical Framework.

IPr=IPrA + IPrB + IPrC

Iy =a-Ipg + (1 —a)- Iy

+ i 4 3 IIHZ=Index of Hazards
' - PR = Index of Pressures
4 a = coefficient of "interest"; (a € [0,1]).

= l w ﬂ w P
iz =) =" " €S- by HZ

— MyP b=d L=

w=1 i=1 k=1

where:

p= number of hazards.

m, = number of sensitivities in component A.

.- Calculation of Indicators

\ CC(t), = a factor that expresses the impact of climate change
II.-Grid Projection Representation CC(E),=1) related to hazard &
S;= indicator of sensitivity /in the specific cell.

HZ, = indicator of hazard & in the specific cell.
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Multi-risk tool for vulnerability representation of sensible territorial elements.

IV. Principal output of the model for multi-level decision-making.
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Focus on Cluster/Plants (Industrial scale) : Proof of concept : Focus on ICl-territory

Systemic Multi-hazard Vulnerability

Resilience Framework_Moncalieri
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Implications
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Conclusions

Data from the Italian inventory for Major Hazard Industries (MHIs) were grouped into industrial macro-sectors
and illustrated by regions on national scale pie charts. These distributions were then correlated with meteorological
or geophysical data of interest, from open access data, using the Function-Location approach.

The development of a place-based procedure to establish safety distances, delineating exclusion, and observation
areas around MHIs as buffer zones, assists in the identification of areas with high concentrations of establishments,
where overlapping safety distances with neighbouring plants highlight potential implications for domino effects in
case of NaTech events and enables the estimation of inhabitants in accident-prone areas.

It also offers a swift and direct way to detect incompatibilities between existing or new establishments and
minimum safety criteria for land use around Seveso sites, thus serving as an early detection system for territorial
vulnerabilities in case of NaTech.

The introduction of a GIS tool to assess municipal-scale territorial vulnerability employs a mathematical
framework to calculate systemic vulnerability, initially neglected, integrating indicators within a hierarchical
structure across three levels: systemic vulnerability, sensitivities, and multi-hazards. The resulting coloured maps
effectively illustrate systemic vulnerability within a municipal context, providing a comprehensive overview for
decision-makers and stakeholders alike.

Summarizing, the application of advanced methods, integrating ICI attributes with their surrounding context across
various scales, enriches the decision-making process in addressing NaTech events. This approach bridges the gap
between technical and external factors, enhancing awareness against multiple hazards.



Schematization of vulnerability at different levels
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Focus on Municipalities (Medium scale): How the multi-risk tool works?

Depending on the geometry of the input data - point, line, polygon - the attribution of the values obtained
for each indicator to the grid was carried out according to five criteria: (i) point count (B1, ALA), (ii) sum of
the point values (A3, B3, SIS), (iii) weighted sum of linear (B5) or areal elements (A1, A2, B2, B4, C4, CDS, OBS,
IBO, FRA), (iv) average value of areas within the cell (C1, C2, C3, OLD) and (v) intersection between input
polygons and each cell (ALU, RIR).

The values assigned to the cells of the matrix were normalized to obtain a standard metric that allows the

integration among the indicators and the following operations.
Partial results were displayed in a 2550-row table — one for each 200x200 m cell that subdivides the territory -

with 21 columns corresponding to each indicator

Hazards Indicators
1BO FRA SIS RIR
it | :’: [t e O @ _1 1

Sensitivity Indicators Pressures Indicators
CcDs i 0BS OoLD |

ALA

ALU




