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Abstract

Existing lessons on public safety, referred to as new biotech plants, suggest that the devel
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1. Introduction
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decree on incentives for producing biomethane opens new development perspectives for
renewable energies from biowaste, as this biofuel could be used in vehicles as a substitute fo
fossil fuel and replace the natural gas dependence in domestic, commercial as well as indus
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2. Material and methods
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3. Biohazard
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movement conditions, building confguration and technological processes [18]. The results of
the air microbiological monitoring, performed during the biomass movement in some biogas
plants investigated in Italy, showed that organic dust (PM,) and its endotoxin content are
limited [18] and widely below the occupational safe guidelines [19, 20]. The particulate is not
a relevant risk for workers in the plants monitored, because it reached rural environmental
levels recorded in North Italy [18].

3.1. Biological risk assessment

The assessment of biological risks is seriously hampered, since neither universally approved
criteria for assessing exposure to biological agents nor agreed dose-response estimates ar
occupational exposure limits (OELs) are yet available. Lack of a standardized sampling
methodology has made it difcult to compare data derived from diferent studies and relate
exposure levels to efects on health. Potential seasonal variation of microbial exposures also
adds difculties in comparing data. Establishing the prevalence and incidence rates of dis-
eases related to exposure to biological agents is not easy: data on occupational diseases from
biological agents are difcult to collect, because the infections could often be in subclinical
form, with atypical incubation periods and/or transmission routes [21]. Moreover, the exact
role which, is played by biological agents in the development or aggravation of symptoms
and diseases, is only poorly understood. Human response to exposure to biological agents
depends on the organic material involved and individual’s susceptibility to infections and
allergies. In addition, microorganisms constantly interact with the environment and are able
to modify their patern of gene expression rapidly in response to the environmental signals
[21]. A variable human response has also been described, following the exposure to organic
dust in diferent workplace setings, and it was shown that the composition of the dust may
play an important role in determining the potency [22]. The assessment of biological risk
in the biogas sector is a complex task, even considering that the biogas industry is still in
its infancy in some countries such as Italy. Limited public domain information is also avail-
able from ongoing health and injury surveillance of biogas workers, particularly for health
outcomes of highest concern (e.g. respiratory, irritation, sensitization). There is a need for
improving the collection of work-related diseases in the biogas sector, and an ad-hoc accident
reporting system should be created.

The proposed approach for biological risk assessment is that certain areas or activities, result-
ing from the biogas industry, could be categorized using fairly simple descriptive expressions
of risk and a corresponding set of control measures, which depend on the perceived risk asso-
ciated with the area or the activity. The qualitative checklist approach can represent a reason-
able tool in order to overcome the current knowledge gaps in establishing agreed monitoring
protocols and developing reliable dose-response data. In absence of such information, the
potential risk should be managed in a precautionary manner. Exposure levels to biological
agents are highly dependent on site activities and tasks undertaken by workers, and an ade-
quate workers’ protection requires a detailed site and task risk assessment. Potential exposure
can be controlled by changing the work process to minimize the generation of bioaerosols
or dustiness. In order to achieve compliance, employers should demonstrate that adequate
control measures have been developed in accordance with the hierarchy of controls, detailec
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in the Directive 2000/54/EC [16]. Examples of control measures are exhaust ventilation to pre-
vent exposure, adequate flters on the air intakes of vehicles (such as tractors used to move
biomass) and personal protective equipment, such as suitably fted respiratory devices, when
working in areas close to where bioaerosols are generated.

3.2. Prevention and protection measures for occupational biohazard

Design of workplaces and work processes, the choice of adequate equipment and working
methods allow the control of occupational biohazard in the biogas plants. Any activities
involving the movement of biomass and/or waste should be controlled, and site design and
activities should be managed to avoid organic dust and/or bioaerosol release in the work-
place. In particular, the biomass, such as silage, should be stored in closed silos or in platforms
provided with containment walls and covered by a plastic material wrap. Livestock slurry
storage tank should be equipped with immersion agitators to avoid air contamination, and
moreover, the automatic transfer of slurry into the digester should be guaranteed by a pump -
ing system. Working areas, where biomass is moved, should be considered as potential high
exposure zones. An eFcient system of forced ventilation is required if high-exposure activi-
ties are conducted within a confned space and, where practicable, employees should only
work in these areas within a suitably controlled environment, such as a vehicle cab, or wear
appropriate respiratory protective equipment (RPE). It is recommended that for exposure to
bioaerosols, RPE is provided with the highest e®¥ciency Flters (P3). The replacement of the
flters in the vehicle cabs’ air handling system, cleaning of vehicle cabs and the instructions
given to operators not to open cab doors and windows and remain in the vehicle have a signif -
icant efect on workers’ exposure levels. These rules should be applied within aradius of 50 m
from the operational areas, considering that bioaerosol levels typically return to background
concentrations within this distance [23]. Such requirements clearly have an impact on site
design and layout. In order to achieve these targets, the employers should amend working
practices and operations and relocate ofce accommodation and welfare facilities to an area
outside the potentially high-exposure zones. Dust control from the movement of vehicles is
also recommended, and roadways should be properly constructed so that they can be cleanec
and a vehicle wheels washing system should be planned. The workplace should be provided
with adequate hand-washing and shower facilities and ‘clean areas’ in order to ensure that no
contamination can afect external places. Employers should undertake an appropriate health
surveillance of their workforce to ensure that early signs and symptoms of diseases, related
to exposure to biological agents, are managed and reported. This may involve simple health
screening or more detailed assessments, involving health questionnaires, lung function and
blood serum test. All employees, who have undertaken health surveillance, should have a
personal health record and the information must be kept for a period of 40 years and the ¥nd-
ings of any health surveillance should be communicated to employees and any adverse fnd-
ings should be deeply investigated and appropriate controls should be adopted. The training
of site managers and personnel is a fundamental topic in order to verify the design and imple -
mentation of these prevention measures. It must be stressed that appropriate instructions,
information and training, referred to the potential risks to their health and how they should
be controlled, must be given to employees. Employers should also develop procedures for
people who do not comply with the procedures and site rules.
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4. Explosion risk: formation of potentially explosive atmospheres

Because of the presence of methane in its composition, biogas in combination with air can form
potentially explosive atmospheres (Table 1). In Europe, safety measures against explosion risk
are stipulated in Atex Directives 99/92/EC [24] and 2014/34/EU, which have inspired the prepara-
tion of checklist section, referred to the explosion risk. A crucial topic, reported in safety checklist,
is the classifcation of plant areas [25], where explosive mixtures could be generated by biogas
releases. This classifcation has to be carried out in terms of zones (Zone 0, Zone 1 and Zone 2),
geometrical characterization (extent and volume) of hazardous areas [26] and persistence time:

1) Zone 0: an area in which an explosive gas atmosphere is present for long periods;

2) Zone 1: an area in which an explosive gas atmosphere can periodically occur during the
normal operation and

3) Zone 2: an area in which an explosive gas atmosphere is not expected during the normal
operation, but if it should occur, it would exist for a short period.

Directive 99/92/EC states that, places where potentially explosive atmospheres can occur are
marked with specifc signs (Figure 1), which are characterized by the following distinctive
features:

T triangular shape and

T black leters on a yellow background with black edging

In Figures 2 and 3, the classifcation procedure of hazardous areas (outdoor and indoor place)
is shown. It may be used as a basis to support the proper selection and installation of work
equipments in hazardous zones. Classifcation of indoor places is particularly important
because ventilation system design plays a fundamental role in order to dilute the potentially
explosive atmosphere in the shortest times.

The frst step of classifcation procedure consists of locating the potential sources of biogas
release. On this subject, it has to be remembered that catastrophic elements failures are not
considered as potential sources because they are beyond the concept of abnormality [27],
reported in Technical Standards.

A plant component, such as valves, fanges, pumps, compressors, and so on, is considered
as a potential source when its failures are expected during the operation. Zone classifca-
tion depends on source release grade, ventilation degree and availability. Release grade

Unit Biogas (60% CH ,, 40% CO,) Methane Natural gas
Heat value kwh/m? 6 10 10
Ignition temperature °C 700 600 650
Explosion range Vol (%) 7.3-28.3 4.4-16.5 4.4-15

Table 1. Properties of gases.
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Figure 1. Sign (zone where potentially explosive atmospheres can occur).

(continuous, primary, secondary) is determined by the analysis of element operating condi-
tions [28]. On the contrary, ventilation degree depends on the volume of explosive atmo-
sphere, which is strongly infuenced by biogas mass fow. This last parameter depends on
gas outfow typology (sonic or subsonic), which is determined by the comparison between
critical pressure (p_,) and atmospheric pressure (p,):

T p,>p, (sonicoutfow)
T p,<p, (subsonicoutfow)

Ventilation degree can be high or medium for outdoor places, whereas it can be high or
medium or low for indoor places. Three levels of ventilation availability are reported in
Technical Standard (EN 60079-10-1):

Good: ventilation is continuously present;

Fair: ventilation is expected to be present during normal operation and its discontinuities are
permited, but they have to occur infrequently or for short periods and

Poor: ventilation, which does not meet the standard of fair or good.

Ventilation availability can be good or fair for outdoor zones, whereas it can be good or fair or
poor for indoor areas. For outdoor places, this parameter depends on local minimum wind speed.
If wind speed is bigger than 0.5 m/s, ventilation availability can be considered as good. For indoor
areas, in order to assess ventilation availability, reliability of artifcial ventilation system and pres-
ence of standby fans or an emergency ventilation plant has to be ensured. In case of fan failure,
good availability usually requires automatic start-up of standby fan(s). Indoor areas are the most
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Figure 2. Classifcation of an outdoor place.

hazardous places with regard to formation of explosive mixtures. In a biogas production plant,
a potentially dangerous zone is the container (indoor place), which includes combined heat and
power (CHP) unit (Figure 4). In indoor places, in order to assess the ventilation degree, sources
emission contemporaneity must be considered. This is a necessary condition aimed at calculating
average biogas concentration (X %) in indoor areas. X % depends on source release grade and
can be calculated according to IEC 31-35 (Technical Standard). In case of continuous grade emis-
sions (temporary period can be negligible), X_% is calculated by the following equation:

M
X %=—="_100 1
m Qa pgas ( )

where:

 M__ (kg/s) is biogas mass fow;

gas

* Q, (m¥s) indicates ventilation air fow; and

* p_.(kg/m?3) is the biogas density.

gas

In case of primary and secondary grade releases (temporary period is considered), X % is
calculated by the following expression:
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M
X% =3 g:j (1-e°49 100 2
a gas

where;:

* C (s represents the number of fresh air changes per time; and

* t_(s) is the release duration.

Table 2, which is reported [26] in EN 60079-10-1, is used to classify the hazardous zones.

Figure 3. Classifcation of an indoor place.
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Figure 4. Combined heat and power unit (indoor place)—Source: Maccarese S.p.a.

Ventilation

Release grade Degree

High Medium Low
Availability
Good Fair Poor Good Fair Poor Good, fair or
poor
Continuous (Zone O NE) (Zone O NE) (Zone ONE) Zone 0 Zone 0 Zone 0 Zone 0
Non-hazardous  Zone 22 Zone 12 + +
zone?
Zone 2 Zone 1l
Primary (Zone 1 NE) (Zone 1 NE) (Zone 1NE) Zonel Zone 1 Zone 1 Zone 1or
Zone @°
Non-hazardous  Zone 22 Zone 22 + +
zone?
Zone 2 Zone 2
Secondary (Zone 2 NE) (Zone 2 NE) Zone 2 Zone 2 Zone 2 Zone 2 Zone 1or
Zone @°
Non-hazardous  Non-
zone? hazardous
zone?

Glossary: ‘+ means ‘surrounded by’.
aZone 0 NE, 1 NE or 2 NE indicate areas, which have negligible extents.
bZone 0 can be generated in poor states of ventilation.

Table 2. Classifcation of hazardous zones.
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5. Fire risk

In order to reduce the fre risk, the safety checklist suggests several recommendations and
actions, which consist of prevention, protection and managerial measures. By reason of space,
the checklist only shows the most important points related to fre risk. In order to minimize the
fre efects, biogas production plant has to be divided into fre protection sectors [29], for exam-
ple, the anaerobic digester, the biogas holder and CHP unit. Certain distances must be main-
tained among these sectors. In particular, during the biogas holder construction, specifc safety
distances must be ensured (internal and external safety distance and protection distance).

6. Results and discussion

By reason of space, the safety checklist only reports the most important bullet points referred
to as the three examined hazards (Tables 3-5).

The safety checklist for the biogas industry can support the hazards identifcation and the def-
inition of the prevention and protection measures and, if used in the right way, forms a basic
part of risk assessment. It is essential that the checklist is used as a means of development

Biohazard assessment

Are there operations/tasks, which may result in bioaerosol, organic dust or particulate dispersion (biomass reception,
its storage, grinding, shredding or other pre-processes of the biomass, digester loading operations, digestion
drainage, sampling activity or maintenance work)?

Are high-exposure activities performed within indoor places?

Are the work processes designed to reduce the releases of organic dust and bioaerosol in the workplace?

Is the biomass stored in closed containers/tanks?

Are there leakages of solids or leachate during the handling phases of the materials entering and leaving the system?
Do workers have direct contact with manure, slurry or other organic waste?

Are there risks of splashes and spills contaminated with biological agents?

Are workers particularly subject to the risk of infective or immunological diseases (workers with particular allergies
or asthma, low immune system, pregnant women)?

Prevention and protection measures

In indoor places, are collective protection measures applied to the source of the biohazard, such as ventilation
systems and appropriate work organization procedures?

Is the workplace regularly cleaned? Are operating procedures defned?
Is the workplace provided with hand-washing and shower facilities and ‘clean areas’?
Is eating and drinking forbidden in the workplace?

Are warning and safety signs used at the workplace? Do workers have difculty of national language
understanding?

Do workers receive information on biohazards and protective measures before assuming their tasks?

Are vehicles, circulating in the biogas plant, subjected to regular washing?
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Is the vehicle cab equipped with dedicated ventilation systems? Is the monitoring of the door seals and the Flter
maintenance provided?

Are workers provided with respiratory protective equipment (RPE) during high-exposure activities?
Do workers carry out trainings focused on the right use of individual protection devices?

Is it verifed that the defned procedures are actually observed by the workers?

Are workers under health surveillance?

Are workers informed of the signifcance of health assessments and their outcomes?

Is there a system which reports the accidents and records the episodes of contamination with biological agents (even
mild)?

Are workers aware of the importance of recording any contamination episodes?

Table 3. ‘Safety checklist’ extract: biohazard.

Explosion risk

Prevention measures

Are places with explosion risk classifed into zones (0, 1 and 2) according to the probability of occurrence of
potentially explosive atmosphere?

Are hazardous zones (0, 1 and 2) characterized in terms of volume and extent?
Is persistence time of explosive atmosphere calculated?

Are suitable ventilation rates ensured in indoor places in order to dilute biogas concentration below lower explosive
limit?

Are standby fans or an emergency ventilation system installed in indoor workplaces (container of CHP unit)?
Are there adequate openings aimed at ensuring a good natural ventilation in indoor workplaces?

Are wind action and stack efect taken into account for dimensioning the openings of indoor workplaces (natural
ventilation)?

Are work equipments and protective devices selected on the basis of categories set out in Directive 2014/34/EU?
Is all process control equipment classifed according to European Standards?

Is the air Fow, injected for biological desulphurization, matched with the current rate of biogas production (max. 6%
volume)?

Protection measures

Can abiogas release be diverted or removed to a safe place or, if that is not practicable, safely contained by other
suitable methods?

Are fame arresters installed in biogas pipes?

Are biogas holders equipped with positive (hydraulic seal) and negative pressure protection devices?
Is the water Flling of pressure safety devices daily controlled and is the correct water level maintained?
Are all closed tanks, in which fermentation can occur, provided with pressure safety devices?
Managerial measures

Are workers equipped with working clothes which do not generate electrostatic charges?
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Explosion risk

Are hazardous areas indicated by specifc signals?

Is there an obligatory journal for the documentation of all daily measurements, controls and maintenance works as
well as failures?

Is there a plan indicating the explosion protection zones?

Is it certain that an operational manual is available before any work is done?

Is it established in the manual that safety devices have to be checked at least once a week and after any failure?
Is the engine (CHP unit) maintained according to the timetable given by the manufacturer?

Is the CHP unit maintained or checked by specialized companies?

Are all parts of the biogas plant, containing a gas fow, regularly checked and submited to a pressure test at least
every year?

Are operating instructions readily available, easy to see and read by the operators during their work?

Is artifcial ventilation system of container, which includes CHP unit, maintained and checked according to the
timetable given by the manufacturer and if necessary is it maintained or checked by specialized companies?

Table 4. ‘Safety checklist’ extract: explosion risk.

Fire risk

Prevention measures

Are biogas holder membranes made of fre-resistant materials?

Do biogas holder membranes avoid the formation of electrostatic charges?

Are electrical equipments designed in accordance with Regulations and Technical Standards?
Are electrical equipments provided with protective grounding?

Are biogas holders protected from lightning?

Is the storage of fammable materials, fammable liquids and gases limited to small amounts?
Protection measures

Are biogas pipes insulated to give protection against fre and provided with fre protection faps?
Is the protection distance respected during the biogas holder placing?

Is the internal safety distance respected during the biogas holder placing?

Is the external safety distance respected during the biogas holder placing?

Are there enough fre extinguishers on plant site?

Are there gas/fre detectors, which sound an alarm in case of fre?

Are the hydrants chosen in accordance with Technical Standards in terms of fow and pressure?
Is an additional generator, aimed at ensuring electric delivery in case of failures, installed?
Managerial measures

Is a responsible person designated for all fre protection measures?

Are fre protection exercises regularly carried out?
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Fire risk

Are smoking, naked fames and storage of fammable materials forbidden in the plant area?

Is Frefghting system maintenance regularly carried out in accordance with the reported directions?
Are maintenance operations reported in a specifc register?

Is electrical equipment maintenance regularly carried out?

Are there adequate and well-marked routes for fre brigade vehicles?

Are fre protection posts set up and suitable fre extinguishers made available when works (welding, abrasive
cuting, etc.), which involve a fre risk, are carried out?

Are frefghting systems periodically checked?
Are gas sensors/fre detectors periodically checked?

Is it certain that the operation and maintenance of biogas plant is done by reliable and qualifed persons?

Table 5. ‘Safety checklist’ extract: fre risk.

support and not simply as a ‘tick of-the-box’ exercise. A specifc sector guidance, referred to
the potential risks to biogas plants workers health and their assessment and management, is
required, and it is likely that site operators will be in need of specialist advice to carry out an
efective risk assessment and develop risk control procedures. In this context, the reported
checklist can improve the safety culture in the biogas feld. In conclusion, it has to be stressed
that the safety checklist has been tested in some biogas production plants, where inspections
and audit activities were simulated in order to verify its real feasibility.

7. Conclusions

Countries of the European Union (EU) have agreed on a new 2030 Framework for climate
and energy, which includes targets and policy objectives for the period between 2020 and
2030. These targets are aimed at achieving a more competitive, secure and sustainable energy
system. A specifc target has established that at least a 27% share of renewable energy con-
sumption must be achieved. In this context, biogas/biomethane production plants can be stra-
tegic, and therefore particular atention has to be paid for their safe operation. In fact, biogas
industry is experiencing fast growth worldwide. However, the number of accidents in biogas
production is growing even faster. The estimated risk profle of biogas production confrmed
that its production process presents a non-negligible risk. Accident analysis can improve the
safety of such plants. In particular, creation of an accidents report can be strategic in order to
individualize the more hazardous operations and elements which require a specifc mainte-
nance schedule. Indeed the decrease of number of accidents, which occurred in the biogas pro-
duction plants, could be easily achieved by adapting the process safety experience acquired in
other industrial sectors. With regard to this topic, it is important to remember that the typical
culture of the farming is far enough from industrial approach and therefore it requires clear
and useful tools, which are able to address both elements—maintenance and operation. The
safety checklist can meet these requirements, because it is a practical tool, which can be used
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to carry out the analysis of hazards of biogas plants. Starting from a scientifc analysis of pre-
ventive and protective measures, the checklist has been designed to assess the actual safety
levels of the biogas plant and to support the operators in order to improve the safe process
management. Furthermore, the development and application of specifc safety standards to
the biogas sector would be benefcial to avoid design and operational errors.
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