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study, a consequence analysis of a methane gas explosion carried out to estimate the explosion and the toxic threat
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By using ALOHA software, two different scenarios as leakage from the biogas tank and flammable chemical escaping
Research Article directly into the atmosphere are designed and calculated by the Gaussian model. In addition to that, two different

explosion scenarios as a leakage scenario from the biogas storage tank and a catastrophic rupture scenario are
computed by using the PHAST Software. According to the first scenario results from ALOHA, explosions can cause
destruction of buildings, serious injuries and shattering of glasses in the threat zones about 200 m while in the second
scenario only shattering of glasses can be seen in 22 m of threat zone. The results from the PHAST show that threat
zones do not change significantly at different weather conditions. It is found that the catastrophic rupture has
maximum hazard zone limits among all the scenarios. It has been concluded that using different model-based software
can be useful to understand possible results of biogas plant explosions.
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1. Introduction

Biogas is one of the most important renewable energy in the world. In biogas production plants, organic
wastes have been processed and produced electrical energy. The European Biomass Association evaluates that
Biomass-based energy in Europe can be increased from 72 million tons in 2004 to 220 Million tons in 2020
(Kotek et al. 2015). The Biogas production amount from animal fertilizer in Turkey is around 3.5 billion
m3/year (Arikan, 2008; Kose, 2017). Today, Turkey has eighty-five build biogas plants, however, only thirty-
six of them are in-service in several geographical locations. Some of these power plants having higher energy
productions are Odayeri Landfill Gas Plant (Istanbul, 34 MW), Mutlular Biomass Energy Plant (Balikesir, 30
MW), Mamak Landfill Biogas Plant (Ankara, 25 MW), Cadirtepe Biomass Plant (Ankara, 23MW), Sofulu
Landfill Biogas Plant (Adana, 16MW), ITC Antalya Biomass Plant, (Antalya, 14MW), Kémiirciioda Landfill
Biogas Plant (Istanbul, 14MW) (Bilici, 2019).
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As the number of biogas stations increases, the number of accidents increases in biogas units. More than 800
accidents occurred after 2005 among 13,171 European biogas stations (Kotek et al. 2015). Casson et al., (2016)
created a database of 169 biogas accidents and the study showed that almost 12% of the past accident analysed
can be classified as major accidents. According to the geographical distribution of 169 accidents, 96% of the
accidents happened in Europe (163 over 169), most of the events took place in Germany (76%), while a lower
amount were documented in France (11%), Italy (6%), and UK (2%) (Casson et al., 2016).

Generally, chemical accidents can be divided into toxic chemical leaks and explosions caused by fires (Davis,
2014; Krentowski, 2019; Lee, 2019; Okho, 2013). The reasons of biogas plant accidents are identified as five
categories: a) leakage in the storage tank and/or in the distribution pipes of the biogas plant, b) fire and
explosion as a result of CH,4 leakage, c) release of H2S from septic waste, d) high pressure inside the digester
due to overflow or freezing of valves, €) environmental contamination by the release of effluent discharge
(Kotek et al. 2015). Wang (2017) establishes a leakage risk monitoring and early-warning model for an
anaerobic reactor of a biogas station by using modelling software. When an accident happens, its consequences
are considered by its destructive force, as well as direct and indirect losses (Zhang.2019). To reveal and reduce
the consequences and the potential damage of explosions, researchers have focused on the flammable gas
explosions (Amyotte, 2017; Lv, 2017). Several studies are modelling the consequences of fire, explosion and
toxic dispersion by using different tools like PHAST (Process, Hazard, Analysis, Software Tool), ALOHA
(Areal Locations of Hazardous Atmospheres, U.S. Protection Agency) and FLACS (Flame Acceleration
Software) modelling programs (Dadashzadeh, 2013; Dasgotra, 2018; Hasani, 2016; Inanloo, 2015; Zareei,
2016). PHAST is one of the mostly used process hazard analysis software for process safety management in
both design and operation parts. This software is outstanding with its wide applicability of process hazard
analysis tool including various release types such as from leaks, pipework, pipelines, ruptures etc. The models
in the software are extensively validated especially for process industry hazards. It is also possible to define
different hazard types as explosions, fires, toxics and flammable, consider directional environmental effects
such as wind or surface roughness. By using this software, exclusion zones and safe distances can be easily
defined. ALOHA is another hazard modelling software which is widely used to get an insight on
chemical/hazardous material emergencies. It is an open source program and available from the internet site
(EPA, 2017). Properties of real or potential chemical/hazardous materials are given as an input to the software
and threat zone estimates for different scenarios of hazards can be estimated. Toxic gas clouds, flammable gas
clouds, jet fires, pool fires and vapour cloud explosions can be modelled. In the given results, the red threat
zone indicates the worst hazard level while the orange and yellow threat zones show the decreasing hazard
zones.

In this study, the findings from the PHAST and ALOHA software are compared and combined to get an insight
on health and safety problems occurred due to an explosion in a biogas station. In the literature, there are
various studies including consequences analysis of hazardous chemicals by using PHAST and ALOHA
software. Pandya et al. (2008) studied by the Fourier Amplitude Sensitivity Test to carry out a parametric
sensitivity analysis of PHAST atmospheric dispersion modelling for an accidental toxic gas dispersion
scenario. They studied the relative influence of uncertainty in independent input parameters on the variation
of the model outputs. Several studies are also carried out by using ALOHA to be able to understand the threat
of a chemical leakage to the residents in neighbouring area, air quality and occupational safety (Tseng et al.,
2012). Tseng and co-workers (2012) investigated the dispersion of three important substances (chlorine,
epichlorohydrin and phosgene) due to their critical threat to safety. By using ALOHA software, they were able
to discover the threat zones, which demonstrate the scales of a toxic chemical release impact, in three different
production plants in Taiwan. In another research, Cetinyokus (2017) studied consequences analysis of
hazardous chemicals which were flammable substance (methane), toxic liquid (ethylene diamine) and toxic
gas (methyl chloride) by ALOHA software, and found that atmospheric options, especially wind speed,
atmospheric stability class and ground roughness, had significant effects on the effect distances within the
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threat zones for the selected three hazardous chemicals. Moreover, Travnicek et al. (2018) examined flare
stacks on agricultural biogas plants by ALOHA software, and they found that the methane gas will be diluted
more quickly at higher levels than ground level. Recently, Dou and co-workers (2020) evaluate the methane
fraction on explosion characteristics of biogas/air mixture in a duct, and found that the PVC film thickness
affected the explosion overpressure more, whereas the methane fraction in biogas affected the flame velocity.

Comparison of findings from both ALOHA and PHAST software and additionally Computational Fluid
Dynamics (CFD) method is also carried out by various studies. Similarly, to the publications mentioned above,
a consequence analysis is carried out for the storage tank of n-Butanol and its release from the tank by ALOHA
(Bhattacharya & Kumar, 2015). In this work, the results are also compared with the PHAST software findings.
It is suggested that PHAST results seem to be more realistic but the difference between the results are in an
acceptable range as £10%. It is also possible to evaluate flammability and explosiveness of a stored chemical
compound by ALOHA. Derychova and Bernatik carried out a study based on the risk assessment of biogas
plants and designed accident scenarios including fire and explosion of biogas mixture in which methane is the
major compound (Derychova & Bernatik, 2016). The first scenario is the pipeline leaking from the tank and
methane is burning as a jet fire. The results indicate that the affected area is 35 m2 including lethal zone, zone
of 2nd degree burns and zone of injuries. In the second scenario, methane leakage occurs by the leak pipe and
leaking methane is not ignited. These two scenarios are mentioned as possible leaks from a biogas tank and
the results are critical to diminish the rate of accidents. Carboni and co-workers are investigated the accidental
release of several biogas mixtures resulting in flash fire and toxic cloud dispersion and modelled by PHAST
and CFD software ANSYS Fluent (Carboni et al., 2020). Here, PHAST software and CFD approach are
compared. Even the findings of CFD calculations are reliable by including a much more realistic approach,
implementation of plant geometry brings higher computational cost than PHAST.

Biogas is a general term of gas produced by anaerobic fermentation in an organic waste. It is necessary to
know the percentage of biogas in a station to model the explosion limits. Although the composition of biogas
depends on the introduced organic materials and the process conditions on the biogas station, raw biogas
mainly consists of methane (50 mol% to 80 mol%), carbon dioxide (20 mol% to 50 mol%), water vapour (0
mol% to 12 mol%), nitrogen (0 mol% to 5 mol%), oxygen (0 mol% to 2 mol%), hydrogen sulfide (0.01 mol%
to 0.04 mol%) and traces of ammonia, hydrogen and higher hydrocarbons (Schoder et al. 2014). The design
and technology of biogas plants differ according to the size, function, location, and feedstock of biomass. The
biogas stations can be classified as a) family-scale biogas plants (very small scale), b) farm-scale biogas plants
(small or medium to large scale), c) centralized/ joint co-digestion plants (medium to large scale) (Al Seadi
2008). Biogas production is expected to be stable and constant. However, inside the digester, biogas is formed
in fluctuating quantities and the demand for biogas can vary during the day. To ensure stable biogas utilization,
various types of storage facilities are available. Generally, for industrial type, larger biogas plants, separate
external biogas storage tanks are established, and these types of pressurized tanks are made of steel and have
pressures between 5 and 250 bar (Al Seadi, 2008). The hazards that may occur as a result of a possible accident
and explosion in a biogas plant will change according to its technology and design.

The aim of this study is to analyse the explosion and toxic effects due to potential accidents in a large-scale
industrial type biogas station. A large-scale biogas station is chosen to be modelled, since the explosion of
such a station will be more destructive than the others. For this purpose, two different modelling programs as
ALOHA and PHAST software tools are used to simulate two different scenarios in a biogas plant; a leakage
scenario from a biogas tank and flammable chemicals escaping directly into the atmosphere. The properties of
a biogas storage tank and its environment are given as inputs to the software. Since major component of a
biogas mixture is methane, the calculations are carried out assuming the only component is methane in the
tank. Afterward, the explosion hazards of a methane storage tank in a large-scale biogas station are examined.
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2. Materials and Methods

In this research, the explosion hazards of an external methane storage tank in a large-scale biogas station
are demonstrated by two different modelling programs. ALOHA version 5.4.7 Software and PHAST version
7.2 are used to predict different explosion scenarios and thus to estimate the effects of a methane gas explosion.

2.1. ALOHA Software

ALOHA is a computer modelling tool to estimate the movement and dispersion of hazardous chemical
gases, and to predict the rates at which gases may escape into the atmosphere from broken gas pipes, leaking
tanks, and evaporating puddles, and hazardous gas cloud dispersion to the atmosphere after an accidental
chemical release (EPA, 2017). ALOHA can also be used to predict the area where a flammable gas may
explode by using the physical characteristics of the released chemical and the real-time circumstances of the
release scenario to predict the dispersion of a hazardous gas cloud.

ALOHA software can evaluate the consequences of explosion and atmospheric releases of chemical species
parameters by selection of meteorological conditions, rural and urban areas etc. Graphical outputs include a
"threat zone" that can be plotted on maps with MARPLOT to display the location of other facilities storing
hazardous materials and vulnerable locations (EPA, 2017).

ALOHA provides for the source options as direct, puddle, tank, or pipe. Puddle option is selected when the
source is a liquid puddle of constant radius. The liquid can be either a normal evaporating liquid, or a boiling
liquid. Tank option is selected when the source is a horizontal or vertical cylinder, or a spherical tank at ground
level with a single hole. The tank initially contains a gas, a liquid, or a liquefied gas. The contents can change
phase as a result of temperature and/or pressure changes. Pipe option is selected when the source is a
pressurized pipe containing gas with a single hole at ground level. The direct source is a point release and can
be either a continuous emission of rate or an instantaneous release of total mass. For a direct release type as
instantaneous or continuous release, total mass, mass flow rate, and source height must be provided
(Bhattacharya and Kumar, 2015).

As mentioned above, very detailed description of input properties are given to the software. However, there
are some limitations of the software: i. It assumes that the chemical compound is mixed with air as an
immediate process, ii. It has no capability to detect the end products, i.e. smoke, particulate matter, radioactive
particles. iii. It assumes that the wind speed and wind direction are constant during the simulation run (Yadav
et al., 2020).

2.2. PHAST Software

PHAST is a comprehensive hazard analysis package and investigate a chemical process incident from initial
release through formation of a cloud or pool to final dispersion calculating concentration, fire radiation, toxicity
and explosion overpressure, and catastrophic rapture regions in 3D (Naemnezhad et al., 2017).

PHAST software can consider the interaction of the flammable cloud and identified of congestion by using
TNT equivalency model (Mannan, 2012), or the Multi-Energy model (VVan den Berg, 1985) or Baker Strehlow
Tang model (Baker et al., 1996).

PHAST generates blast parameters for overpressure and display as contours or in tabular reports and develop
combined hazard contours in the explosion modelling software for a range scenarios and hazard types as
explosions, fires, toxics and flammable clouds. The program takes into account the directional aspects that can
influence the explosion modelling outcome like wind or surface roughness (DNV GL, 2018).
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In PHAST there are limitations in the handling of dispersion modelling for an instantaneous leak. In this
case, the vapour dispersed from the tank would be added into the very small instantaneous cloud and the
dispersion results would demonstrate the properties of an instantaneous cloud. In order to model a continuous
leak, the series of representative vaporization segments are used (DNV GL., 2018).

2.3. Case Study

ALOHA and PHAST software programs are used as risk modelling tools and designed to assess the
development of potential accidents, from the initial leak point, the spread of the hazardous substance, to analyse
the explosion and toxic effects. Two different scenarios are evaluated by the Gaussian model for predictions
by using ALOHA Software: a) a leakage scenario from biogas tank, b) flammable chemical escaping directly
into the atmosphere. In addition to that, two different explosion scenarios are run by PHAST Software Tool a)
a leakage scenario from a biogas storage tank, b) a catastrophic rupture scenario.

These software contain several important critical input items to analyse the outcome modelling of accident
scenarios. One of the most critical input parameters is represented by weather conditions. Meteorological
stability, seasonal temperatures, humidity, wind speed and direction play a very important role in modelling
such accidents. In case of ALOHA program, wind speed is selected as 2 meters/second and from South to
West. Cloud cover is partly cloudy. The air temperature is 25°C. Stability class selected as B. In case of PHAST
program, three different weather conditions are chosen as 2F, 2B and 2D. 2F indicates that wind speed is 2
m/s, and stability class is F means night-time conditions moderate cloudiness and light/moderate wind. 2B
shows that wind speed is 2 m/s, and stability class is B means solar insolation is moderate and windy. 2D
displays that wind speed is 2 m/s, and stability class is D shows a little sun and high wind overcast or windy
night.

Additionally, risk assessment is largely influenced by the amount and type of material involved, which is
also an important factor in the calculation of accidents. As shown in Table 1, in both Software, the biogas
storage tank contains methane gas at a pressure of 15 bar and a temperature of 25 °C. The tank is made of steel
with a 10 m diameter and 12.70 m length. The results of the three modelling programs are presented in
graphical forms.
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Table 1

Input Data of ALOHA and PHAST Programs
Parameters ALOHA Data PHAST Data
Local Information Turkey, Istanbul Turkey, Istanbul
Building type / Type of terrain for Single storage, unsheltered Land

dispersion

Material

Tank type

Tank diameter
Tank length

Tank Volume
Mass of compound

Wind speed, direction / Stability
Class

Measurement height
Ambient Temperature
Humidity

Temperature inside tank
Tank Pressure

Leak type, dimension

surroundings

Methane gas

Pressurized cylindrical vessel
10m

12.73m

1000 m?® (700 m2, 70% full)
437 kg (70% full)

2 m/s South to West / B

3 m above ground

25°C

% 50

25°C

15 bar

Circular opening 25 mm

Methane gas

Pressurized cylindrical vessel
10m

12.73 m

1000 m3 (700 m?, 70% full)
437 kg (70% full)

2F, 2B and 2F

3 m above ground

25°C

% 50

25°C

15 bar

Circular opening 25 mm

3. Results and Discussion
3.1. ALOHA Results

In the ALOHA program, local information for a biogas tank source is chosen as Istanbul, Turkey. Building
type is selected as single stored and unsheltered surroundings. Even though biogas is a mixture of gases,
methane is selected as a pure chemical due to the limitations of the ALOHA program. ALOHA is designed to
model the release and dispersion of pure chemicals and a few select solutions; the property information in its
chemical library is not valid for mixtures of chemicals. Since the methane percentage in large scale biogas
plants can reach up to 80%, it was decided to use the ALOHA program.

Most of the biogas production plants are of small or medium scale, however the major accidents happened in
large scale industrial type biogas stations. For this reason, a tank volume of 1000 m?has been chosen. The
region of this study was chosen as Istanbul because there are large-scale biogas power plants in Istanbul. In
PHAST program, different wind speeds were selected in the study in order to analyse the results of toxic
distribution and effects in more detail. Since the region was not selected in PHAST program, the results would
not change if a different region was selected. However, in the ALOHA program, a region and city selection
are made, and since ALOHA takes the wind situation of that region into account, the result would have changed
if another location was selected.

Two different scenarios are run by the Gaussian model for predictions. The first one is a leakage scenario from
a biogas tank. The second one is flammable chemicals escaping directly into the atmosphere. The atmospheric
conditions envisaged for two of the scenarios are the same. Wind speed is selected as 2 meters/second and
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from South to West. Measurement height is 3 m above ground. Ground roughness is an open country. Cloud
cover is partly cloudy. The air temperature is 25°C. Stability class is automatically chosen according to date,
time, weather conditions, and cloud cover and in these scenarios, it is selected as B. Inversion height option is
selected as no inversion. Humidity is chosen 50% as a medium.

Scenario 1 is the leakage of gas from a biogas storage tank containing methane as a flammable gas. During the
selection of tank type, the following parameters are given as output. The tank type is a vertical cylinder with
10 m diameter, 12.70 m length, 1000 m* by volume. The tank contains methane gas-only and is 70 % full. The
temperature of the tank is at 25 °C. The internal tank pressure is 15 bar. Tank pressure unusually high alert is
given. Release duration is limited at 1 hour and the maximum average sustained release rate is 45.9
kilograms/minute. The gas is leaking from the tank through a circular hole with a 25 mm diameter and the
chemical is not burning as it escapes to the atmosphere. There are three major potential hazards from flammable
chemical as it leaks from the tank; a.) Downwind toxic effects, b.) Vapour cloud flash fire, c.) Overpressure
(blast force) from a vapour cloud explosion.

In case of the toxic effect area of the vapour cloud, the threat zone is not drawn because the effects of near-
field patch lines make dispersion predictions less reliable for short distances. In case of the flammable area of
vapour cloud, Figure 1la shows that local areas of flame can occur even though the average concentration is
below the lower explosion level (LEL). ALOHA finds the flammable area by using 60% and %10 of the LEL
25m and 62m, respectively. Figure 1b shows the blast area of vapour cloud explosion. The time of vapour
cloud ignition is selected as unknown and the vapour cloud is ignited by detonation. The level of congestion
is chosen as difficult to walk through (e.g. pipe rack, dense forest). When the overpressure is greater than 8.0
psi, the (red) area with 74 meters’ diameter is affected by the destruction of buildings. As the overpressure is
greater than 3.5 psi, the (orange) area with 97 meters’ diameter is caused by serious injury likely. At the time
the overpressure is greater than 1.0 psi, the (yellow) area with 184 meters is affected like shattering glasses.

—& Flammable Threat Zone ‘;‘EI & Overpressure (Blast Force) Threat Zone ‘E‘E\
meters meters
150 200
N —
-~ ~
e S h—

100 . -

50 & \\ / Y

wind TN \ wind
— 3 0 5 - >
N ’ H A I

50 N / /

100
N p
N/ =7
150 200
0 100 200 300 400 200 100 0 100 200 300
meters meters
[ greater than 8.0 psi (destruction of buildings)
greater than 30000 ppm (60% LEL = Flame Pockets) greater than 3.5 psi (serious injury likely)
[] greater than 5000 ppm (10% LEL) [[] greater than 1.0 psi (shatters glass)
— — wind direction confidence lines — ~ wind direction confidence lines

Figure 1. a) Flammable Threat Zone Overpressure, b) Overpressure (Blast Force) Threat Zone for Scenario 1
by ALOHA

Scenario 2 is flammable chemical (methane gas) escaping directly into the atmosphere and the chemical is not
on fire. The source height is zero. Release duration is limited at 1 hour and the maximum average sustained
release rate is 45.9 kilograms/minute. There are three major potential hazard scenarios; a.) Toxic area of the
vapour cloud, b.) Flammable area of the vapour cloud, c.) Blast area of vapour cloud explosion. Figure 2a
shows the toxic threat zone in terms of public exposure guideline system like PAC. The maximum distance
for PAC-1, PAC-2 and PAC-3 is 52 m., 69m., and 130m., respectively. Figure 2b presents the flammable threat
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zone. Local areas of flame can occur even though the average concentration is below the LEL. The simulation
finds the flammable area of vapour cloud by using 60% of the LEL as red 271 meters (30000 ppm = 60% LEL
= Flame Pockets) and %10 of the LEL as yellow 600 meters (5000 ppm = 10% LEL). Figure 2c demonstrates
the blast force threat zone ignited by spark or flame. The LOC values on red and orange regions do not exceed,
so the destruction of buildings or serious injury likely will not happen in this scenario. However, the yellow
region shows that an effect like shattering glasses observed in an area of 22 meters’ diameter.

L# Toxic Threat Zone ['= & |[aE5a) | o Flammable Threat Zone [ | @ 5] L& Overpressure (Blast Force) Threat Zone =R =R
meters meters meters
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] R ) | i

N / ~ / ——

50 200 / 100
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0 50 100 150 200 250 0 200 400 600 800 1000 100 0 100 200 300 400
meters meters meters

[z greater than 400000 ppm (PAC-3) [ greater than 8.0 psi (destruction of buildings)

greater than 230000 ppm (PAC-2) [27] greater than 30000 ppm (60% LEL = Flame Pockets) greater than 3.5 psi (serious injury likely)
[] greater than 65000 ppm (PAC-1) [] greater than 5000 ppm (10% LEL) [ greater than 1.0 psi (shatters glass)
— — wind direction confidence lines — —wind direction confidence lines — - wind direction confidence lines

Figure 2. a) Toxic Threat Zone; b) Flammable Treat Zone; c) Overpressure (Blast Force) Treat Zone for
Scenario 2 by ALOHA

3.1.1. Effect of Ambient Temperature and Wind Speed Analysis

The extreme weather conditions are also considered by ALOHA software in order to understand the effect
of these conditions on the explosion results. For this purpose, the worst weather conditions in the last 90 years
are gathered from Turkish State Meteorological Service. The investigated weather conditions are given in
Supplementary Materials.

The wind speed is taken as about 32 m/s as a worst case of wind speed found in the reference of Turkish State
Meteorological Service. In all calculations tank temperature are given as 25°C. The findings indicated that
threat zone of vapour cloud is less than 10 m. Flammable area of vapour cloud seems to be depended on the
ambient weather condition and ranging between 11 m (30000 ppm) — 31 m (5000 ppm). In all four lowest
temperature values no explosion is predicted. However, for the highest temperature conditions the explosion
might cause to shatter glasses less than 10 meters of the tank. The findings show that a change in the extreme
ambient temperature values might not cause significant difference in the threat zone and flammable area.

3.2. PHAST Results

In this study, two different explosion scenarios are designed by PHAST Software Tool. The first one is a
leakage scenario from the biogas storage tank. The second one is a catastrophic rupture scenario. The biogas
storage tank is chosen as a pressurized vessel filled by methane gas. Three different weather conditions are
chosen as 2F, 2B and 2D.

Scenario one is a leakage scenario from the biogas storage tank. Figure 3a demonstrates the maximum radiation
at 8.04 m with an intensity of 44.64 kW/m?. Figure 3b shows the explosion worst-case radii for dispersion at
downwind distance as 29.50m, 28.41m and 28.78m at category 2F, category 2B and category 2D respectively.
Even the category 2F has the worst case, the values are very close to each other.
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Radiation vs Distance for Jet Fire Explosion Worst Case Radii
Leak Leak

Radiation Level )kW/m
Distance Crrosswind (m)

Distance downwind (m) Distance downwind (m)

Figure 3. a) Radiation distance for fireball; b) the explosion worst-case radii for dispersion at downwind

distance

Scenario two is a catastrophic rupture scenario. Figure 4a displays a maximum cloud footprint in case of
catastrophic rupture at three different categories as category 2F (5.072 m?), category 2B (4.926 m?) and
category 2D (5.014 m?). Figure 4b shows radiation distance for fireball and maximum radiation is 388k\W/m?
at 8.66m. Figure 4c displays explosion worst-case radii at downwind distance in category 2F (721 m), category
2B (674 m), category 2D (711 m). In this scenario, the worst-case radius is at category 2F.
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Figure 4. a) Maximum cloud footprint in case of catastrophic rupture; b) radiation distance for fireball; c)

Distance downwind (m)

explosion worst-case radii

Combining the findings from ALOHA and PHAST provided us to analyse the location, layout and impact
range of explosion and dispersion comprehensively. In case of the toxic effect area of vapour cloud in 2B
weather conditions, the explosion's worst influence range is approximately 25m by ALOHA and 28m by
PHAST Software. The catastrophic rupture scenario is a model in which the tank is destroyed by a quick
impact. According to the second scenario of PHAST, a large amount of energy (388 kW/m?) is produced at
8.66m for fireball case.
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4, Conclusion

Safety in biogas plants is very significant (Molnarne and Schroeder, 2019). The biogas production plants
are known to be responsible for several accidents (Moreno and Cozzani, 2015; Schroder et al., 2014; Sasso,
2012). The European Commission has assessed the regions of the world that primarily use bioenergy and
considers biogas to be a highly flammable mixture (Casson et al., 2016; Travnicek et al., 2018). The role of
safety regulations should be revised and improved since there is a need for the statistical investigation of
accidents, consequence modelling and analysis of explosions (Kotek et al. 2015). Although biogas tank
explosions are not common, the results of such kind of explosions are very hazardous. (Boscolo et al., 2019;
Casson et al., 2018; Travnicek et al., 2018). Pietrangeli et al. (2013) stated that the risk of explosion is
particularly high close to overpressure safety devices like digesters and gasholders in a biogas plant. Therefore,
in this study, preliminary calculations are carried out to explore effects of possible explosions in a large-scale
industrial type biogas station.

According to the ALOHA software results of the leakage scenario from the biogas tank; the explosions may
cause dangers like demolition of buildings at 74 m limit, serious injuries at 97 m limit and shattering of glasses
at 184 m limit. In the examination of the flammable chemical spreading directly into the atmosphere, the
destruction of buildings or serious injury likely will not happen but shattering of glasses will occur within the
22 m limit. Locations where the flammable chemical vapour lower explosion limit is 60% and 10% are
observed in the range of 271 and 600 m respectively. In the first scenario of the PHAST software (leakage
from the biogas storage tank), the studies performed in three different weather conditions give very close
results and it is observed that the danger zone limits are lower than the first scenario of ALOHA. The second
scenario of PHAST software belongs to a more serious catastrophic rupture, and the hazard zone limits are
observed to be wider than all scenarios. When all the results are examined together, it has been observed that
the use of software based on different models will be useful in estimating the impact areas of dangerous
explosions that may be encountered in a biogas station.

The explosion modelling programs like ALOHA and PHAST will foresee the consequences of accidents
(Hasani, 2016; Inanloo, 2015; Zareei, 2016). Several difficulties come out during the comparison of the models
due to the differences in output values of different software. The geometrical effects of the programs contribute
to differences between simulation tools. Buildings, terrain and geometry, in general, will have recirculation
zones that will influence the local air movements. Despite the differences, the results of the programs used in
this study will be useful for companies in emergency plans, fire departments, civil defence units of
municipalities and governments. The explosion modelling software can be used for accident investigations.
Another application area of these software could be the determination of dangerous and safe areas in biogas
power plants. Thus in emergency drills, the workers could be informed about the determined dangerous areas
and how to behave in case of an explosion. Several possible scenarios could be modelled without doing
hazardous experiments.
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