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The present work focuses on process safety related to bioprocess engineering, meant as the integration 
between chemical engineering and biotechnology. A specific checklist has been created in order to perform a 
first step in bioprocesses hazard identification aimed at meeting not only personnel safety issues, but also 
process safety ones. The bioprocess of biogas production from anaerobic digestion of livestock slurry was 
taken as a case study to show the methodology. 

1. Introduction 

In recent years, industrial biological processes are increasingly used in the chemical industry, spacing from 
pharmaceutical to food or energy production. The increase in the number and potentiality of bioprocess 
facilities associated to the scale-up to industrial production, as well as to the industrial implementation of 
innovative processes and technologies, is generating an emerging risk (CCPS, 2011).  Bioprocesses are often 
perceived as safer and having a lower impact than conventional chemical processes. However, recently 
several unexpected severe accidents were reported for biological processes, in particular in the energy sector 
(e.g. biogas production and biofuel processing in Casson Moreno and Cozzani, 2015; Rivière and Marlair, 
2010). In particular, unexpected operating conditions in the biological process resulted in the formation and 
release of hazardous substances (Casson Moreno et al., 2015). Such scenarios were not considered in the 
safety assessment of the process, revealing some limitations of conventional hazard identification techniques 
for biological processes. 
Our review of the state of the art on existing risk assessment methods shows that there are no specific 
techniques for hazard identification in bioprocesses, especially addressing process safety problems. Until 
now, specific checklists, hazard identification procedures and tools for biological processes focused mostly on 
personnel safety. On the other hand, conventional hazard identification techniques often may overlook the 
specific issues posed by biological reactions.  
The present study shows preliminary results obtained in the identification of bioprocess hazards.  
A specific checklist, to screen the possible criticalities related to bioprocesses has been created; it has been 
tested and tuned on a real case study; a biogas production plant from anaerobic digestion of livestock slurry 
was analysed, giving interesting results and rising the issue about the need for a complete hazard 
identification methodology specific for the sector.  

2. State of the art in bioprocess hazard identification 

A bioprocess is a process that uses microorganisms, living cells or their components to obtain products or 
complete a chemical transformation. At present, the scientific community identifies the risk related to 
bioprocesses (the so-called biohazard or biological hazard) to the use of biohazardous materials, defined as 
infectious agents that present a risk, or potential risk, to the health of humans, animals or environment. The 
prevention of the exposure or accidental release of biohazardous materials is the task of the biosafety. With 
respect to conventional chemical engineering processes, biohazard is a new element specific of bioprocess 
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manufacturing sites (CCPS, 2011). However, as any other chemical process, bioprocesses have also 
traditional risks to manage, in addition to the specific ones.  
Process safety management (PSMS) system is historically focused on the classical chemical industries 
(petroleum, natural gas, chemicals and polymers production). Recently also others production industries (such 
as pharmaceutical industries, Angel et al., 2015) profit of PSMS even if no regulations (but Seveso III in 
Europe) require it (CCPS, 2011). The European Directive 2000/54/CE (European Parliament, 2000) has the 
goal to protect workers from risks for their safety and their health from exposure to biological agents at work, 
including the prevention of such risks. The Directive applies to food industry, to agricultural and healthcare 
business, to all kind of laboratories, to wastewater treatment and waste management. On the basis of the 
Directive, many countries defined their own biological risk assessment methods (Bassett et al., 2012; Caskey 
et al., 2010; EPA, 2007; Giudici et al., 2011; HSE, 2013). There are just few studies in literature about the use 
of conventional methods for risk assessment (e.g. FMEA, HAZOP, bow-tie analysis) in bioprocesses (Harms 
et al., 2008; Mollah, 2005; Pietrangeli et al., 2013; Pinkenba and Statement, 2006). In particular, Pietrangeli et 
al. (2013) also concluded that biosafety is focused on individual protection only. 

3. Bioprocess checklist 

The creation of a checklist is the first step toward the creation of a full methodology aimed at hazard 
identification of bioprocesses. The checklist here proposed is designed to recognize the criticalities related to 
the bioprocess, the hazardous substances involved and on how they could be formed during the process 
itself; in addition to standard checklists, the possible presence of pathogen agents has been considered.  
The checklist was developed with the purpose of collecting as much information as possible on the bioprocess 
itself; this tool allowed us to make a first screening on the process parameters, on the substances and on all 
the conditions to monitor, becoming preparatory for future development of the methodology. 
Our checklist is mainly focused on the hazardous substances, intended as chemical substances that can be 
toxic, flammable, but especially on pathogenic agents. In addition, particular attention was paid on the 
operating conditions that influence the formation of these substances (Canadian Society of Chemical 
Engineering, 2012). 
The checklist is divided into two different sections: a process specification section (Engineering Process), and 
a more general section (General). The first section helps the identification of parameters that need a deeper 
analysis and of conditions to monitor; in the second section, some questions related to PHAs are proposed. 
The structure of the proposed checklist for bioprocess hazard identification is shown in Figure 1. 
 

 

Figure 1: Structure of the proposed checklist for bioprocess hazard identification. 
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4. Results and discussion 

An anaerobic digester for the production of biogas form livestock slurry have been taken as a case study. The 
choice was driven by the existing emerging risk in the sector of production of energy from renewable sources 
(Casson Moreno and Cozzani, 2015; Casson Moreno et al., 2015) and because the authors are familiar with 
the process and existing plant.  
Biogas is a mixture of methane and carbon dioxide that can be produced by anaerobic digestion of different 
kind of wastes, deriving from agricultural, food or urban waste, sewage or manure and animal residuals. 
Usually, besides methane and carbon dioxide, others components are present in very small quantities, 
depending on the substrate used for the production (Scarponi et al., 2015). The most important substances 
from a process safety standpoint are hydrogen sulfide and ammonia; then there are traces of carbon 
monoxide, hydrogen, nitrogen, and oxygen.  
The focus of our analysis is on the reactor (the so-called anaerobic digester), because it is the equipment 
where the production of biogas takes place and mainly where the microorganisms are. It is where toxic 
substances could be formed, so the analysis is limited to it and few connected equipment, fundamental for the 
normal operations. Due to the limited space available, the results are shown below with focus on the part of 
the checklist in which bio-aspects have been integrated in the Engineering Process section of the checklist 
(Figure 2 to Figure 5). 
Designing and filling out the checklist raised the following issues: 
- Deviation from normal operating conditions of specific parameters (such as flow, pressure, temperature, 
and composition of feed) can induce operability as well as safety problems. By changing the above mentioned 
conditions, microorganisms could die (creating an operability problem) or they could increase the production of 
toxic substances (safety problem). 
Therefore, standard deviations induce consequences that are somehow new with respect to conventional 
chemical processes. The relationship cause-consequences, bio and not, needed a deeper investigation with a 
more sophisticate technique such as HAZOP. This will be a further development of the present work. 
- A very detailed knowledge of the bioprocess is required.  
- The method should be tuned and tested with bioprocesses involving microorganisms of risk group II, III 
and IV in order to prove the effectiveness of the dedicated Biohazard section of the checklist.    

5. Conclusions 

Industrial bioprocesses pose both conventional process hazards and those more specific related to the use of 
microorganisms (biohazard) or to the influence of microorganisms on process parameters.  
The checklist created in the present work was aimed at highlighting the criticalities of the equipment under 
analysis and was built in order to be a screening tool that can be used in different types of bioprocesses. 
The main results of its application was stressing the fact that some process parameters play a significant role 
in the production of hazardous substances. This, in turn, reveled the need for a deeper analysis of the process 
and equipment involved.  
Our future work will be focused on the development of a complete methodology for hazard identification in 
bioprocess. The basic idea behind it will designing a tool able to identify hazards related to a bioprocess, to 
perform a screening to select equipment that needed a more detailed analysis and to propose some protective 
and preventative measures. The checklist here presented will be the first step of it, allowing us to collect as 
much information as possible on the process, making a first screening on the process parameters, on the 
substances and on all the conditions to monitor, becoming an introduction to some more specific analysis 
such as HAZOP. 

681



 

Figure 2: Checklist for bioprocesses applied to the case of biogas production, Engineering Process section. 
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Figure 3: Checklist for bioprocesses applied to the case of biogas production, Biohazard section. 

 

Figure 4: Checklist for bioprocesses applied to the case of biogas production, Toxicity and Ecotoxicity section. 
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Figure 5: Checklist for bioprocesses applied to the case of biogas production, Flammability and Explosivity 
section. 
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