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The use of biofuels, derived from biomass as raw material, represents an alternative to fossil fuels and contributes to reducing greenhouse gas emissions and increasing energy security.
The European Directive 2023/2413, Renewable Energy Directive III (RED III), promotes the use of advanced biofuels and biogas (with a target of 5.5% in the transport sector by 2030) and encourages the development of production and storage plants for innovative fuels.
The RED III Directive distinguishes between “conventional” biofuels (produced, for example, from crops such as corn or rapeseed) and second-generation or advanced biofuels (produced from organic waste, used oils, agricultural or forestry residues, which do not compete with the food sector).
In the context of biofuel establishment, pressure equipment and assemblies are essential for various processes, such as hydrogen production, deoxygenation, isomerization, and separation units, in order to obtain hydrotreated vegetable oil (HVO), sustainable aviation fuel (SAF), bio-LPG, etc. Examples of pressure equipment used in production processes are: vessels, heat exchangers, reactors, furnaces, pressurized piping connecting the equipment. To ensure safe management, it is crucial that such pressure equipment and assemblies are designed, manufactured, commissioned and operated in compliance with current regulations to prevent accidents and ensure the safety and health of workers and citizens living near the plant, as well as the integrity of the processes. 
The purpose of this article is to provide a comprehensive view of the safe management of pressure equipment and systems in biotechnological industries, in compliance with European regulations.
Furthermore, authors describe the main effects on the health of workers and citizens living near industrial plants containing pressure equipment, due to accidents causing fires, explosions and release of toxic substances. 
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Introduction to biofuel production plants
For an adequate energy transition, the European Union (EU Regulation No. 2023/435, the so-called “REPowerEU Plan”) promotes the conversion of oil refineries into biorefineries for the production of sustainable fuels, with the aim of achieving decarbonization by 2030–2050.
The environmental advantages, naturally associated with economic benefits, of the production and use of biofuels, as a renewable energy source, include: a) significantly lower CO₂ emissions, the main gas suspected to contribute to the greenhouse effect, compared with those produced by fossil fuels; b) the absence of sulphur oxides emissions (responsible for acid rain), as the sulphur content of biofuels is generally negligible; c) favourable chemical–physical properties in terms of calorific value, anti-knock performance, and volatility point (generally higher than that of fossil fuels, e.g. biodiesel); d) fewer issues related to transport and storage compared with conventional fuels, as biofuels are biodegradable and hardly self-ignitable.
Biofuels produced from plant and animal biomass (waste), which do not compete with the food chain, include hydrotreated vegetable oil (HVO), sustainable aviation fuel (SAF), bio-LPG, bio-naphtha, etc.
Figure 1 shows a block diagram of a biorefinery producing biofuels through the “Ecofining™” technology, developed by ENI (Ente Nazionale Idrocarburi, an Italian state-participated multinational energy company) in partnership with Honeywell UOP (U.S.A. multinational that develops and supplies technologies for petrochemical processing and biofuel production).
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Figure 1 – Block diagram of a biorefinery producing biofuels through the “Ecofining™” technology (developed by the multinational companies ENI and Honeywell UOP).

The main industrial processes used by Ecofining™ technology to produce biofuels from vegetable and animal biomass (waste streams) are divided into the following units:
· Steam reforming unit: production of hydrogen (H₂) and steam from methane (CH₄) and demineralized water (H₂O);
· Biomass treatment unit: processing of vegetable oils, regenerated used cooking oil, and animal fats;
· Deoxygenation unit: removal of contaminants and oxygen from vegetable oils and animal fats using hydrogen;
· Isomerization unit: improvement of the cold-flow properties of the biofuel;
· Product separation unit: separation of final products (HVO, Biojet fuel, LPG, and Naphtha).
All the above-mentioned process units handle fluids, conveyed by pumps and compressors, through a wide range of pressure equipment and pressure assemblies (several thousand units), such as vessels, heat exchangers, reactors, furnaces, connecting piping, etc.
The aim of the paper, in light of the authors’ institutional experience (some authors are testing equipment and pressure systems present in the Biorefinery located in Gela, currently the largest biorefinery in Italy), is to provide a concise yet comprehensive overview of the design, construction, and safe operation of pressure equipment and pressure assemblies used in biorefineries producing biofuels, in accordance with the relevant European and Italian regulatory frameworks. Indeed, the loss of fluid from pressure equipment and/or pressure assemblies operating at high pressures and temperatures in biorefineries may trigger fires, explosions, and toxic releases into the surrounding environment, with potentially very serious consequences for the safety and health of workers and of citizens living near such plants, which almost always fall within the scope of the European Directive on the control of major accident hazards (Directive 2012/18/EU of the European Union, the so-called “Seveso III”). Finally, the main effects on the safety and health of workers and the general population, as well as on the environment, in the event of fires, explosions, or toxic clouds are described.
Design and Construction of Pressure Equipment and Assemblies
The most common incidental event involving pressure equipment and pressure assemblies originates from a loss of the contained fluid, leading to fire, explosion, or the release of toxic substances. In the most severe cases, structural failure of such pressure equipment or assemblies may result in physical explosions (rupture), projecting not only the contained fluid but also fragments of the equipment itself into the surrounding environment. Therefore, the primary preventive measure is to avoid fluid leakage from pressure equipment and assemblies by designing and manufacturing them in compliance with appropriate Essential Safety Requirements, which in Europe are laid down in the product directive “Pressure Equipment Directive” 2014/68/EU, hereinafter referred to as the “PED”. This Directive is primarily addressed to designers and manufacturers of the aforementioned equipment, excluding those with a maximum allowable pressure (PS) lower than 0.5 bar (including full vacuum and/or external pressure). The PED Directive assigns a risk category to each item of pressure equipment or assembly based on:
1) the type of equipment;
2) the working fluid, in terms of physical state and hazardous properties;
3) the pressure;
4) the containment geometry, namely volume (for vessels) and diameter (for piping).
In turn, the intrinsic risk of a pressurized fluid differs according to:
a) Physical state (compressibility): Liquids → low stored energy → low risk;
b) Gases and vapours → high stored energy → high risk.
It is also necessary to identify the hazard classification of the fluid (Group):
c) Group 1 → Explosive, flammable, toxic, oxidizing substances (hazardous fluids);
d) Group 2 → Non-hazardous fluids (all others).
Based on all these elements (a, b, c, d), the PED identifies 9 tables that define the PED risk category and, consequently, the design requirements, conformity assessment procedures, and CE marking obligations.
From this PED risk categorization derive the obligations related to design, conformity assessment, and CE marking of the relevant equipment/assemblies.
Figure 2 shows, by way of example, which PED table - and therefore which risk category - applies to pressure vessels or piping, depending on the nature of the fluid (gas or liquid) and its hazard classification (Group 1 = hazardous fluid; Group 2 = non-hazardous fluid).
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Figure 2 – Diagram of the 9 tables included in the PED Directive for pressure vessels and piping, based on the nature of the fluid (gas or liquid) and its hazard classification (Group 1 = hazardous fluid, Group 2 = non-hazardous fluid).

PED assembly means: several pieces of pressure equipment assembled by a manufacturer to constitute an integrated and functional whole. The intrinsic characteristics of the definition of an assembly are:
a) integrated components: designed and connected in a compatible way;
b) functional components: serving a single operational purpose;
c) the various components are joined together by a single manufacturer;
d) manufacture (assembly) may be carried out either in a workshop or at the final user’s premises.
The essential safety requirements set out in the PED Directive (Annex I, Directive 2014/68/EU) are intended to:
· eliminate or reduce hazards as far as is reasonably practicable;
· apply appropriate protection measures against hazards which cannot be eliminated;
· inform users of residual hazards and indicate whether it is necessary to take appropriate special measures to reduce the risks at the time of installation and/or use.
During the design phase, the following aspects must be considered:
· all foreseeable loads (pressure, weight, temperature, wind, seismic actions, etc.);
· a codified calculation method (design by formulas, by analysis, by fracture mechanics, or by testing);
· all damage mechanisms that may reasonably be expected during operation (corrosion, fatigue, creep, etc.);
· all safety accessories intended to protect pressure equipment against exceeding allowable limits.
Finally, the manufacturer must prepare a technical file including: a) structural calculations in accordance with the applicable reference code; b) verification of compliance with the Essential Safety Requirements set out in Annex I of the PED Directive (checklist); c) construction drawings and/or isometric drawings (piping); d) risk analysis and assessment of any residual risks; e) operating and maintenance manual of the pressure equipment/pressure assembly; f) certificates of approval for construction materials (e.g. plates); g) professional qualification of welders; h) professional qualification of personnel performing non-destructive testing (NDT[footnoteRef:1]); i) hydraulic test report, signed and approved by a notified body, in accordance with European legislation; j) EU Declaration of Conformity, in accordance with European Union (EU) regulations. [1:  Recommended NDT: 1) Visual Testing (VT), Remote Visual Inspection (RVI) and penetrant testing (PT) on the equipment surface (fluid side); 2) Radiographic Testing (RT) and Ultrasonic Testing (UT) in welded joints.] 

The purchase of pressure equipment and pressure assemblies designed and manufactured in compliance with the PED allows the employer to minimize the risk of potential incidents involving such equipment.
Installation and safe use of pressure equipment and pressure assemblies, with reference to Italian regulations
The widespread use of work equipment, such as pressure equipment and/or pressure assemblies, led the European Union to issue Directive 2009/104/EC, which sets out the minimum safety and health requirements for the use of work equipment by workers and supports employers in defining a safe management approach.
Following Directive 2009/104/EC, each EU Member State has identified its own pathway for the placing into service and the correct use, during the operational phase, of pressure equipment and/or pressure assemblies.
In Italy, in order to ensure workers’ safety, the legislator requires employers to comply with a series of obligations in the management of pressure equipment. The main obligations can be summarised as follows:
· Risk assessment: identifying and assessing the risks associated with the use of pressure equipment, in order to adopt the necessary preventive and protective measures;
· Notification of commissioning and registration of equipment: ensuring that pressure equipment complies with the applicable regulations and is subject to commissioning inspections, including registration, which must be requested from the territorially competent INAIL (National Institute for Insurance against Accidents at Work, public institution) in accordance with Ministerial Decree No. 329/2004;
· Periodic inspections: subjecting pressure equipment to periodic inspections of operational efficiency and structural integrity, in accordance with the deadlines established by Italian legislation (Legislative Decree No. 81/2008 and Decree of the Ministry of Labor and Social Policies of 11 April 2011);
· Adequate maintenance: ensuring routine and extraordinary maintenance of the equipment, in compliance with the manufacturer’s instructions and applicable technical standards;
· Training and information: providing workers with adequate training and information on the risks associated with the use of pressure equipment and on the safety procedures to be followed (Legislative Decree No. 81/2008).
It is noted that, at the time of commissioning the pressure equipment or pressure assembly, the user/employer must, in Italy and pursuant to Article 6 of Ministerial Decree (DM) 329/04, prepare a technical report containing:
1. the installation layout, or the P&I (Piping & Instrumentation) diagram of the plant;
2. the identification details of the installed equipment or assemblies, including the operating limits (pressure, temperature, etc.) and the process fluids specified by the manufacturers;
3. a description of the process and the technological function of the individual items of equipment or assemblies;
4. the measures adopted to ensure that installation and connection to the rest of the plant have been carried out correctly, taking into account the residual risks arising from use or from reasonably foreseeable misuse, as indicated by the manufacturer in the operating instructions;
5. the measures adopted in relation to risks associated with installation, as identified through the risk assessment. For equipment and assemblies identified as a potential source of major accidents pursuant to the applicable legislation (European Directive 2012/18/EU, SEVESO III), the adopted measures shall be consistent with the accident scenarios identified by the risk analysis carried out in compliance with that legislation;
6. the measures adopted for pressure equipment not forming part of an assembly and installed and assembled by the user within the plant;
7. a list of equipment, or parts thereof, designed and operated under creep conditions and/or low-cycle fatigue.
Finally, in addition to the regulatory checks described above, the employer responsible for pressure equipment and assemblies must ensure that appropriate maintenance and internal inspections are carried out by suitably qualified in-house personnel (Muratore et al., 2021), to monitor and guarantee safety over time, with such activities duly recorded in dedicated registers.
Pressure equipment and pressure assemblies installed in establishments with a major accident hazard
The European Directive 2012/18/EU (Seveso III) defines a “major accident” when three conditions are met:
1) the accident must result from uncontrolled developments; 2) one or more hazardous substances must be involved; 3) the accident must be of significant magnitude and give rise to a serious, immediate or delayed hazard to human health or the environment, inside or outside the establishment (i.e.: a) potential danger to human life; b) potential danger to the health of a large number of people; c) potential environmental hazard; d) potential material hazard, namely serious material damage inside or outside the establishment).
For industrial biotechnology plants handling dangerous substances in quantities and qualities exceeding the thresholds set out in Annex I of European Directive 2012/18/EU (Seveso III), the employer/plant operator shall identify, describe, analyse, and quantitatively characterize the accident sequences that may lead to a major accident, as well as the reasonably foreseeable scenarios that may subsequently occur.
Each identified scenario shall be correlated with internal or external causes affecting the establishment, namely:
· operational causes;
· external causes (e.g. domino effects, etc.);
· natural causes (e.g. earthquakes, floods, lightning, etc.) (Muratore et al., 2022). 
Furthermore, it is necessary to describe: a) the behaviour of the establishment in the event of partial or total unavailability of utility networks such as electricity, water, steam, nitrogen, or compressed air; b) the measures adopted to ensure the operation of critical equipment even under emergency conditions. Critical equipment refers to installations, storage systems, and pressure equipment which, as a result of failure, human error, or natural disasters, may trigger a major accident. Besides, the Seveso III Directive requires the employer/operator of the establishment to implement a Safety Management System (SMS) aimed at the prevention of major accidents. Furthermore, based on the quantity and/or the hazardous properties of the dangerous substances present, establishments are classified as lower-tier establishments (LTE) or upper-tier establishments (UTE), with progressively increasing obligations regarding major-accident prevention, monitoring, and information. Where the establishment concerned is classified as an upper-tier establishment, the operator must produce a Safety Report. This document provides a detailed and comprehensive assessment of major-accident hazards, describes the measures adopted to prevent major accidents and to limit their consequences for human health and the environment, and includes an analysis of the potential accident scenarios and their foreseeable effects. The Safety Report is subject to examination and approval by the competent authorities, which may request additional information, require amendments, or impose additional measures to ensure a high level of protection.
Effects on the health of workers, population and environment due to loss of fluid from pressure equipment and/or pressure assemblies
[bookmark: _Hlk220010783]The uncontrolled release of pressurized fluids (e.g., due to the rupture of vessels, reactors, pipelines, valves, etc.) may lead to severe accident scenarios (fires, explosions, toxic releases), with serious effects on the safety and health of workers and of the population living in the vicinity of such facilities, as well as on environmental matrices. The effects caused by fires, explosions or toxic clouds in the event of an accident can be divided into:
a) Effects on the health of workers and population: 1) in the event of a fire caused by flammable substances, the effects of heat and combustion fumes can cause burns, intoxication and damage to the respiratory tract; 2) in the event of an explosion, the effects due to the shock waves can show distant throwing of material, causing trauma; 3) in the event of toxic release (substances released in the gaseous state), there may be cases of acute intoxication caused by inhalation, ingestion or contact with the toxic substances, causing malaise, watery eyes, nausea, difficulty breathing, loss of consciousness and, in more severe cases, lethal effects. Obviously, the effects of the accident are much more serious on workers, especially those who are close to the site of the accident and in any case within the plant, than population, because, although they are trained for such eventualities, they may be unprepared due to the speed and proximity to the accident site or a delay in the implementation of appropriate protective measures (e.g., putting on suitable masks or leaving the hazardous area and/or the establishment in an appropriate manner) and due to the shock of the accident itself. For this reason, in order to respond promptly to accidental events in the initial phase, the employer is advised to provide constant information and training for plant workers over time. Referring to toxic releases, site-specific health risk analysis is an indispensable tool and the risk to be quantified is that arising from the potential exposure of a receptor subject to one or more pollutant sources through various absorption routes: by inhalation, by contact with skin and mucous membranes, by ingestion or even through more than one of these routes simultaneously.
It is mentioned that the most used mathematical model for risk analysis, in this case "chemical" (in accordance with the requirements of Title IX "protection from chemical agents" of Legislative Decree No. 81/08), is a risk matrix involving two parameters: P (danger, represented by the intrinsic characteristics, i.e. the toxicological and chemical-physical properties of the chemical substances involved) and E (exposure, i.e. the way in which the worker and/or exposed subjects come into contact with substances: dermal contact, inhalation, ingestion) (D’orsi et al., 2015).
b) Effects on environment: 1) in the case of toxic release there is possible contamination of the soil, water, atmosphere and food by the released substances; 2) damage to neighboring structures and in particular collapse of buildings or parts thereof, breaking of glass, damage to the plants with further explosions, fires (possible domino effect).
Conclusions
The paper describes the main steps for the proper safety management of pressure equipment and pressure assemblies (numbering in the thousands, such as vessels, heat exchangers, reactors, furnaces, interconnecting piping, etc.), serving new Biofuel Establishments, following the European Directives “PED” and “Seveso III”, in order to prevent serious adverse effects on the safety and health of workers and population living in the vicinity of such facilities, as well as environmental damage. 
The installation of pressure equipment and assemblies designed and manufactured in accordance with the PED allows the employer to minimize pressure-related risks that may involve such equipment/assemblies, preventing uncontrolled releases of fluids that could lead to fires, explosions, and environmental releases.
The subsequent phase of the safe operational management of pressure equipment and assemblies is governed by European legislation and by Italian legislation. These require maintenance activities and internal inspections carried out by the employer (through competent personnel), as well as specific periodic inspections performed by external bodies as provided for by the applicable legislation. In addition, in the case of establishments falling within the scope of European Directive 2012/18/EU (Seveso III), the employer/operator of the establishment shall ensure the preparation of the appropriate mandatory documentation, which enables the identification, anticipation, and management of major accident scenarios, in order to adequately prepare workers, emergency response teams, as well as citizens living in the proximity of such establishments, for these events.
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G eneration of steam or super - heated water  Table 5  

 

Nature of t he   fluid  Group  Vessels  Pip ing  

  G as  1  Ta b le 1  Ta b le  6  

2  Ta b le  2  Ta b le  7  

  Liquid  1  Ta b le  3  Ta b le  8  

2  Ta b le  4  Ta b le  9  
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