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ABSTRACT

This thesis is a risk analysis of the hazards in a biogas process system in a tapioca starch
factory. The factory used the biogas process on wastewater to create energy. An accident from a biogas
explosion can cause lose of life and assets. The objectives of this study were to identify hazards from
the use of tools, equipment and procedures in the tapioca starch factory, understand the risk assessment
results and the risk level of each of them, on seek methods for eradication or mitigation of these risks.
This research identified hazards by using a Checklist, What If Analysis, Hazard and Operability Study
(HAZOP), Failure Modes and Effects Analysis (FMEA) and Event Tree Analysis. Risk assessment was
determined according to the regulations of the Department of Industrial Works on risk assessment
standards, 2543.

There were 27 activities and 71 tasks performed in the biogas production system. 5 tasks
were at a non—acceptable risk level, 7 tasks were at a high risk level, and 59 tasks were at an acceptable
risk level. The potential problems come from three serious hazards : (1) biogas leakage from the biogas
process system could accumulate in a high quantity, and if this arises, a spark could cause on explosion,
(2) the concentration of hydrogen sulfide in the biogas becomes more than 3,000 ppm which corrodes
the combustion system of the hot oil burner and causes an explosion in the combustion room, (3) the
humidity content in the biogas increases to 90 percent which causes the solenoid in the valve proving
system to stick and an explosion could happen.

The 5 tasks that were at a non-acceptable risks level from the risk assessment had three
characteristics which could be reduced to an acceptable risk level : (1) biogas leakage could be
mitigated by installing a building flare system for protection, (2) the concentration of hydrogen sulfide
could be mitigated by installing a building desulphurization system, and (3) the humidity content could
be mitigated by installing a building air chiller system. For the seven high risk tasks, there is a risk

management plan which can decrease the risk level to an acceptable risk level or no risk level.

KEY WORDS: RISK ASSESSMENT / BIOGAS PLANT
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CHAPTER |
INTRODUCTION

1.1 Statement and significance of the problem

Oil expensive situation and oil resource quantity continuously down, the
most industrial entrepreneurs thus choose other energy sources. Either biogas that
produce in Thailand or biomass that remain from production processes such as wood,
hulk, pineapple waste, coconut shell, talai palm, etc., are used as fuel sources regard to
high economical competition and industrial growth especially agricultural products
processing industries. Therefore, good energy management is required for production
cost reducing. Nowadays, there is technology that produces biogas from food
processing industry wastes such as wastewater. Unless production processes
wastewater is treated, the renewable energy which is biogas is also produced for being
used instead of fuel oil. Moreover, biogas can be also used as electric energy source.
But the most entrepreneurs still has no knowledge and not understand about biogas.
Thus there are government agencies provide both technology and money to construct
the biogas production system in order to push forward the using of biogas technology.
The other objective is to support the using of clean energy which results in the carbon

dioxide emission reduction, energy saving and reducing the environmental problems.

The Energy Policy and Planning Office (EPPO) collaborate with the
National Science and Technology Development Agency (NSTDA) to support the
program of biogas production for energy conservation. The EPPO support the
wastewater treatment and biogas production construction by funding 20% construction
cost and all overhead charges and research. While the NSTDA subsidizes low interest
loan for the 75% remained investment after EPPO funding rebate follow the Company
Directed Technology Development Program. Therefore, the entrepreneurs turn more
to take interest of renewable energy or biogas whether tapioca starch manufacturing

industry, palm oil manufacturing industry, liquors industry or pig farms.
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There are many tapioca starch manufacturing industries in Thailand.
Because Thailand is agricultural country and has appropriate terrain for cassava, main
raw material for tapioca starch production, planting. There are 86 tapioca starch
manufacturers in Northern, Middle, Eastern, Western and Northeastern of Thailand.
The tapioca starch manufacturing requires high volume of water which causes the
wastewater problem. Now, the most manufacturers turn to use wastewater for biogas
production to gain advantages both for environmental and renewable energy for
replace fuel oil in drying process and power regenerator. But the use of biogas still has
safety problem which the accident statistics from biogas using shows as follow Table
11
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Table 1.1 The accident statistics from biogas using in Thailand [1]
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Operation

Date

Province

Occasion

Number
of

injuries

Number
of deaths

Chicken
feather

powder

6 Jan 45

Lumphun

condenser leakage caused
carbon disulphide, sulfur
dioxide and  methane

leakage

4

White liquors
and mixed
liquors

production

6 May 46

Kanchanaburi

Worker changed water
drained valve of gas pipe
without main valve shut
off, methane gas then

leaked out

Tapioca starch

production

27 Sep 49

Srakaew

Assume that worker turned
on light in gas station
room to find out why gas
not enough for burner
feeding or blower motor
may be shut on-off
immediately when smell or
heard leaked gas. The
electric switch, ~1.2
meters from leak point,
electric equipment and all
light bulbs are non-
explosion proof causing
electric spark and
immediately ignition of

leakage gas.

Tapioca starch

production

22 Feb 50

Chonburi

Biogas feed solenoid valve
stuck, biogas was always
feed to burner and then

cause burner explosion.

Source : Safety Technology Bureau
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The accident statistics shows that there are hazards from biogas usage
whether from system design, biogas application, safety equipment and workers lack of
biogas knowledge and understanding. Therefore, it is necessary to have biogas
production risk assessment to find the appropriate dangerous prevention in both
system design and sufficiently safety equipment for decrease chance of dangerous risk
to life and property.

1.2 Objectives
1.2.1 To study and identify hazards of tools, equipment and operation in
biogas production system in tapioca starch manufacturing that have hazard or risk.
1.2.2 To know about risk assessment and risk level that happen.

1.2.3 To find out the method to eliminate or reduce risk opportunity.

1.3 Scope of the study

1.3.1 Study biogas production system information of tapioca starch
manufacturing.

1.3.2 Collect basic data about biogas production system, equipment and
tools, inlet wastewater, biogas productivity and biogas uses.

1.3.3 Analyze hazard risk of the biogas production system and uses.

1.4 Definitions
Hazard is the situation that might cause injure or occupational illness,

property damage, environmental damage, public damage or all together. [2]

Risk is measure of human injury, environmental damage, or economic loss

in terms of both the incident likelihood and the magnitude of the loss or injury. [3]

Risk analysis is the development of a quantitative estimate of risk based on
an engineering evaluation and mathematical techniques for combining estimates of

incident consequences and frequencies. [3]
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Risk assessment is the process by which the results of a risk analysis are
used to make decisions, either through a relative ranking of risk reduction strategies or

though comparison with risk targets. [3]

Risk level is result of opportunity level multiply by violence level that
effect to person, community, asset or environment. The risk level is divided into 4
levels are less, medium, high, very high.

Biogas is gas produced by the biological breakdown of organic matter in
the absence of oxygen. Biogas comprises primarily 60-70% methane (CH,), 28-38%

carbon dioxide (CO,) and 2% other gases such as hydrogen sulfide (H,S) and nitrogen

(N2) [4]

Methane (CHy,) is basically smallest hydrocarbon compound. It is a gas at
standard temperature and pressure (STP). Pure methane is odorless gas but the smell
characteristic in commercial is artificial safety measure caused by addition of odorant
such as ethyl mercaptan compound. Methane is the important fuel and the major
component of natural gas. Burning a molecule of methane produces 1 molecule of
carbon dioxide and 2 molecules of water. Methane is the greenhouse gas that provides
internal storage heat. In 100 years, a kilogram of methane provides heat averagely 23
times to the earth which equal to heat from carbon dioxide. The Mantle atmosphere
composes a lot of methane and consider as main methane reserve. A lot of methane
has been delivered to the atmosphere by volcano mud that adjacent to the rock shell
crack from the plate moving or may be a composition of natural biogas from anaerobic
digestion. Methane has high thermodynamically stability, colorless and odorless at
room temperature and pressure. Boiling point of methane is 162 degree Celsius at 1
ATM and it is inflammable (combustible). It is not poisonous at normal condition but
the poisonous comes from combustion. Moreover, methane is severe halogen
oxidizing agent and cause stifling because methane interrupt the inhalation and can

replace oxygen then make oxygen concentration lower than 18%. [5]
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Anaerobic Fixed Film (AFF) is wastewater treatment that supporting
materials are packed in reactor. It is high efficiency treatment system due to the
microorganism cells always remain in system as bio-film on media or supporting
materials surface, nylon net or rope. This system can reduce microorganism loss with
treated water result in stable removal of organic substances. Moreover, this system has
fast turn over to normal working condition in case of inlet wastewater characteristic

change or overload organic substance. [6]

Tapioca Starch Factory means tapioca manufacturing for consuming or
industry, produce tapioca starch from fresh cassava. Fresh cassavas are washed and
grinded to be starch suspension and waste. Starch is separated from starch suspension
by sedimentation or feed to separation machine and then dried and grinded to get
powder tapioca starch. 0.20 kilogram of tapioca starch and 0.40-0.90 kilogram of

cassava waste are produced from 1 kilogram of fresh cassava. [7]

1.5 Advantages

1.5.1 Can be used as design model for the biogas system construction.

1.5.2 Can be used as basic information for preparing safety equipment of
biogas production system.

1.5.3 This studied results can be used for safety design of other biogas
production system such as UASB.

1.6 Limitation of the study

1.6.1 This research use data from Anaerobic fixed film reactor system
which there is the usability less than 10 years, so level chance of incidents has the
suitability.

1.6.2 This research dose studied in the operation step because of it is main
activity of the biogas production system. Moreover, operation step has chance the risk

hazard from operating more than the start up and shut down step.
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1.7 Conceptual Framework

AFFR biogas production system

Preparation of risk and hazard
elementary list
e Raw material
e Biogas production process
- operation
e Machineries and equipment
e Maintenance and other
activities Analysis of hazard risk

e Environments

e Hazard identification method
0 Checklist
o What If Analysis
o HAZOP
o FMEA
o ETA

e Risk assessment/risk level

assignment

v e Risk management

AFFR biogas production system

e Number of risk point decrease

e Number of high risk level
decrease

e Number of non-acceptable risk

level decrease
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CHAPTER II
LITERATURE REVIEW

2.1 Tapioca starch production [8]

Tapioca starch production is the extraction of starch from fresh cassava
cell using water as extract. Proteins, minerals and other impurities which dissolve well
in water are separated from starch with centrifuge or decanter.

Fresh cassava management, cassava root wastes are partly removed during
harvesting. It is benefit to factory because cassava root wastes can decrease efficiency
of peeling machine, scraping and grinding processes and also increase amount of
starch waste which require the removal.

After cassava deliver to factory and weighting, amount of starch is tested
by Buoyancy test for price set. Cassavas are then piled on raw material area before
send to the production within 24 hours for preventing the decrease of starch quantity.

Sand removal and cassava shell pilling. The starch production starts at
sand removal drum to remove sand and outer shell of cassava.

Cassava wash. After sand removal and cassava shell screening, pilled
cassavas are washed by water spray. The large cassava roots are removed to relieve
the chopper load.

Cassava chop and mill. Clean cassavas are delivered to chopper by chain
conveyor or rasp bucket conveyor to chop cassavas into 1-2 inch chips. Cassava
chips fall down to root raspier for delicate grinding to increase starch extraction
efficiency.

In this step, hydrocyanic acid will dissolve in starch solution, equipment
thus should be high quality stainless steel to prevent blue compound of ferrocyanides
forming.

Starch extraction. After milling, water is added in grinded cassava and

then deliver to extractor to separate cellulose and organic matter waste. The Multi-
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Stage Extractor usually used either 3-stage or 4-stage extractors. By which first stage
is coarse extraction using 60-80 mesh screen and final stage is fine extraction using 90
mesh filter cloth.

Both extractors are centrifugal extractor, the grinded cassavas and water
are continuously feed to extractor. The extract water becomes wastewater in next
starch separation step.

Sulphuric acid is added in this step to inhibit microorganism that convert
starch molecule to lactic acid.

Cassava solution contains high water content about 90-95% but less starch
content. Cassava cake is separated from cassava solution, sends to decanter and then
dried for later mix with animal food.

Concentration of starch solution from extraction is 3 Be’ (1 Be’ = 18
kilograms dried starch in 1m* water). Other dissolved impurities; proteins, lipids,
sugar or fruit water, non-dissolved impurities; cassava cake and fibers, are eliminated
in starch concentrated step.

Water removal. The starch manufacturing must be dramatically done to
prevent chemical and biochemical reactions of microorganisms which reduce starch
quality. Therefore, the starch concentrated step usually continuous process.

Starch solution that separated from cassava cake is send to separators
either centrifugal separators or hydro cyclone. For better starch quality, 2-stage
centrifugal separator usually used to separate cassava cake and concentrated starch
solution, concentration increases to 20-22 Be’.

Drying and packing. Starch solution is dried by centrifugal then starch has
32-38% moisture. Otherwise, filter press is another method to dry starch but it is not
likely used in Thailand because starch drying cost required. Starch from filter press
has about 40-45% moisture.

After that, tapioca starch is sprayed to 200 degree Celsius hot air tube.
High pressure hot air from Hot oil takes starch through stack and fall down to cyclone.
Tapioca starch is dried in short time to prevent starch coagulation and starch

degradation.
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Hot fine tapioca starch powder from cyclone must be quenched by cooling
cyclone. Both heating cyclone and cooling cyclone must have 99.95% efficiency of
tapioca starch and air separation. Tapioca starch will has 12-13% moisture before
deliver to sifter and packing. Waste air that contains tapioca starch from heating
cyclone and cooling cyclone is treated by bag filters or scrubbers and starch will be
regenerated.

Dried tapioca starch is screened before pack in silo for regularly powder
particles. Silo mostly has sufficient size to pack tapioca starch that produce in 24 hour.
For packing, the half-automatic system is used in small factory while the automatic

system is used in large factory.
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conveyor

Inclined Root sieve

belt %
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Figure 2.1 Tapioca starch production process

2.2 Biogas

Biogas typically refers to a gas produced by the biological breakdown of
organic matter in the absence of oxygen. Main compositions of biogas are 60-70%
methane (CH,), 28-38% carbon dioxide (CO;) and 2% of other gases such as hydrogen
sulfide (H,S) and nitrogen (N>).
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Substances Symbol Percentage (%)
Methane CH4 60-70
Carbon dioxide CO; 28-38
Hydrogen H, 5-10
Nitrogen N> 1-2
Water vapor H,0 0.3
Hydrogen sulphide H.S Traces

Source : (Science and Technology Research Institute, Chiang Mai University) [9]

Main composition, methane in biogas result in well inflammable property

and usable as renewable energy source such as

Burn to get heat directly , e.g., use in steam boiler

Burn to heat and drive machinery, e.g., use in gasoline and diesel

engines

Burn to heat and use in electric power generation

Table 2.3 Heating value of 1 m® biogas

Materials Amount
Liquid petroleum gas (LPG) 0.46 Kg
Benzene oil 0.60 Liter
Diesel 0.60 Liter
Fuel oil (A) 0.55 Liter
Firewood 1.50 Kg
Electricity 1.20 Kw-h

Source : Science and Technology Research Institute, Chiang Mai University [9]
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Table 2.4 Biogas properties

Physical properties Values
Estimated heating value 21 MJ/ m®
(60% methane) (or 4185 Kcal/m®)
Flame speed 0.25 m/s
Theoretical A/F rate 6.19 m*a/m’g
Burning temperature in air 650 °C
Ignition temperature of CH, 600 °C
Heating value (Cp) 1.6 K/ m>°C
Density (P) 1.15 Kg/m®

Source : Energy for Environment Foundation [10]

Note 1 Kcal is defined as the heat required raising the temperature of 1 kg

(liter) of water by 1 degree Celsius.

The heating value for 1 m® of the biogas is shown in Table 2.3

2.3 Biogas production technology in Thailand
Biological Wastewater Treatment by microorganism can be categorized

aerobic digestion and anaerobic digestion. [11]

2.3.1 Aerobic digestion
Organic matters are digested to become carbon dioxide and
microorganism cells are grown up (about 50% of organic matter in wastewater is
converted to microorganism cells), the digestion reaction is shown in Figure 2.2
Advantages of this treatment process are high wastewater treatment efficiency and
short treatment time. Disadvantage is high treatment cost because air spray and excess

microorganism sediment elimination are required. Moreover, this treatment process is
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not efficiently used for high organic wastewater due to limitation of sufficiently

oxygen supply to system.

Carbonin CO,

(49%)
Organic /

carbonin
5 Carbon as cell mass

waste water (49%)

(100%) \

Remaining carbon in effluent
(2%)

Figure 2.2 Organic matter digestions by aerobic digestion wastewater treatment

2.3.2  Anaerobic digestion
In this process, 80-90% organic matters in wastewater are
digested to become methane and carbon dioxide which are biogas. The digestion

reaction is shown in Figure 2.3.

Carbon in Biogas

(92%)
Organic /

carbonin Carbon as cell mass

waste water (4%)

(100%) \

Remaining carbon in effluent
(4%)

Figure 2.3 Organic matter digestions by anaerobic digestion wastewater treatment.

The anaerobic digestion wastewater treatment has 3 stages for biogas
production as follow,

Stage 1 Hydrolysis. Large organic molecules still cannot be digested they
have to be breakdown to small molecules. First bacteria which receive some nutrients
from organic matter through directly uptake to cell, release enzyme to accelerate

molecule breakdown.
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Stage 2 Acidogenesis. Other bacteria, acid forming bacteria, convert
breakdown molecules to organic acid such as acetic acid, water (H,O) and carbon
dioxide (COy). These bacteria can live in both oxygenic and non-oxygenic conditions.

Stage 3 Methanogenesis. In this stage, methanogens or methane forming
bacteria convert acetic acid and hydrogen (H) to methane (CH,4) and carbon dioxide.
These bacteria have to live in non-oxygenic condition (Obligate Anaerobic Bacteria).

The amount of methane depends on amount of acetic acid from previous reaction.

2.3.3 Anaerobic Fixed Film Reactor, AFFR (Excellent Center of Waste
Utilization and Management, King Mongkut's University of Technology
Thonburi and National Center for Genetic Engineering and Biotechnology) [12]

It is high-rate anaerobic treatment system which has
microorganism biofilm media in reactor. Mostly used media is nylon nets that orderly
tauten inside reactor. Microorganism biofilm can reduce microorganism loss with
treated wastewater (tapioca starch manufacturing wastewater has high suspend solid
content which interrupt microorganism sedimentation result in no light and small
microorganism sediment that easy to out of system). High amount of microorganism
remain in system causes system has high efficiency, high stability and able to
eliminate organic matter continuously. Moreover, system has fast recovery to normal
condition if wastewater has shock organic loading or even no wastewater feeding
during long time seasonal plant shutdown.

Anaerobic Fixed Film Reactor is single stage system in which acid
forming bacteria or hydrolysis bacteria and methanogens or methane forming bacteria
equilibrium live together in same reactor. For wastewater from tapioca starch
manufacturing, the Anaerobic Fixed Film system can take 6-8 kg COD/m®-day of
organic loading at 3-4 days HRT and produce gas as 0.4-0.5 m*/kg eliminated COD.
The produced biogas composes of 60% methane and the organic matter elimination
efficiency is about 80-90%.
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2.4 Safety in biogas usage [13]

Biogas is inflammable gas, the usage of biogas then needs carefulness
to prevent hazards. Accidents mostly occur from equipment, carelessness of person
and environment.  Therefore, indicated sign, caution and personal protective
equipment should be posted within biogas use and production areas. Biogas hazards
can be categorized as

Hazard from gas poison, poison level of biogas depends on biogas
compositions which are methane, carbon dioxide, Hydrogen sulfide and may include
methyl mercaptan. The poisonous level of gases is summarized in Table 2.4 in which
meaning of measuring units are following shown,

MIO, Minimum Identifiable Odor, refers to minimum level of smelling.

TLV-TWA, Threshold Limit Value-Time Weighted Average, refers to
average concentration in 15 minutes that person can not work even day or week

average value lower than TLV-TWA.

Table 2.5 Poisonous level of gas

Gas Color | Oder | MIO | TLV-TWA | TLV-STEL | Effectto
(ppm) | (pPm) (Ppm) body
Methane None | None - Changeable | Changeable | Pass out
Hydrogen | None | Rotten 0.7 10 15 Poison
sulfide egg
Methyl None | Garlic 0.5 0.5 Changeable | Poison
mercaptane
Carbon None None - 5,000 30,000 Pass out
dioxide
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Poisonous level of hydrogen sulfide occurs when smell more than 10
ppm gas. Methane unless causes unconsciousness due to oxygen lack, it still continual
affect to die if not transfer to outside and get oxygen in time. Before reach the
poisonous level, body will shows some symptoms to indicates hazard when smell gas.

The symptoms are shown in Table 2.6

Table 2.6 Physical symptoms indication when receive gas into body

Gas Symptom
Carbon dioxide headache, be dizzy, exhaust, sweat
Hydrogen sulfide irritating to the eyes, convulsion
Methyl mercaptane be queasy emetic convulsion

Another hazard of biogas is fire or explosion. The different fire
extinguish for each gas component is required. For methane which has fire level of 5-
15%, thus if there is biogas leak with methane concentration this range the spark must
not be occurred. But if methane concentration is lower or higher than that range, the
spark will not cause fire.

Besides biogas hazard, hazards may come from system control which
mostly from pressure control in pipe is not in line with the design. The higher pipe
pressure will cause the pipe explosion while vacuum in pipe due to excess gas suction
will cause fermented reactor damage.

Problems or accidents in biogas production always come from system
check and control such as machine use, working at height and insufficient ventilation.
Therefore, biogas use is not only concerned when work with biogas production but

also personal protective measure.
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2.5 Hazard identification (regulation of Department of Industrial
Works about hazard identification, risk assessment and risk

management plan standard, 2543) [2]

2.5.1. Checklist is a method to identify hazard by use checklist form to
check factory operation for hazard identification. ~ Checklist form consists of work
operation questions to check that the operation according to the design standard,
operation standard or law. The results will be used for hazard identification.

2.5.2. What If Analysis is a procedure to study, analyze and review to
identify hazard in work operations. The questions “What If” are used and find the
answers to identify hazard from work operation in factory.

2.5.3. Hazard and Operability Study (HAZOP) is a technique to study,
analyze and review to identify hazards and problems from work operation in factory.
Analysis of hazards and problems of all systems which may from incomplete design,
by posing questions to suppose production situation in different conditions follow the
HAZOP Guide Words in Table 2.7 The HAZOP Guide Words are used assemble with
designed production factors or defects and errors such as flow rate, temperature and
pressure to identify hazards or problems in the production that may cause accidents or

serious accidents.
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Table 2.7 HAZOP Guide Words

HAZOP Guide Operating Deviation
Words

None e No Flow
e Reverse Flow

e No Reaction

More e Increased Flow
e Increased Pressure
e Increased Temperature

e Increased Reaction Rate

Less e Reduced Flow
e Reduced Pressure
e Reduced Temperature

e Reduced Reaction Time

Part of, as well as | ¢ Change of Ratio of Material Present
Other e Different Material Present

o Different Plant Conditions from Normal Operation

e Startop

e Shutdown

o Relief chemicals or pressure

e Instrumentation

e Sampling

o Ultility Failure

e Corrosion

e Maintenance

e Erosion

e Grounding/Static
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2.5.4. Fault Tree Analysis is hazard identification technique that
emphasizes happened or possible accident or serious accident to analyze the event
cause. It is deductive technique using logic principle to analyze the cause of accident
or serious accident. The happened and possible accidents or serious accidents are first
analyzed to find initial event. After that, the occurrence step of initial event is clarified
to specify minor events. The analysis is stopped if the cause of minor events comes

from error of machine, equipment or operation.

Table 2.8 Symbol that use in hazard identification analysis

Symbol Name Meaning

AND Gate Event will be occurred from many

Many reasons reasons of minor events

Or Gate Event will be occurred from at least one

Q At least one reason reason of minor events
Basic Event Usually happen minor event which
Q Event that usually obviously known the cause without

happen further analysis. It is regarded as initial

cause of accident occurrence.

Fault Tree Event Minor event that cause continual event
Minor event result in accident occurrence
Undeveloped Event Event that do not need further analysis
<> Event that cannot due to have no support information
analyze further
External Event External event or factor that are the cause
Q of events

2.5.5. Failure Modes and Effects Analysis (FMEA) is hazard
identification technique that analyze failure and result. It is used for check machinery
parts in each system and the result of machinery failure is then analyzed.

2.5.6. Event Tree Analysis is hazard identification technique to analyze

and assess the continual effect after the initiating event. It is used for advance
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predication to analyze continual result after machine damage or human error.
Moreover, it is used to analyze the cause and chance of occurrence and also check the

safety system.

2.6 Risk assessment (regulation of Department of Industrial Works
about hazard identification, risk assessment and risk management
plan standard, 2543) [2]

Consider how much the chance of event can occur. The chance is

divided as 4 levels

Table 2.9 Chance level assignment for each event

Level Specification
1 Rare opportunity to occur such as never occur in more than 10 years
2 Less opportunity to occur such as frequency of 1 time in 5-10 years
3 Moderate opportunity to occur such as frequency of 1 time in 1-5 years
4 High opportunity to occur such as frequency of more than 1 time in 1
year

Consider violence of each event that how much it causes the violence level that
effect to person, community, asset or environment. It is divided into 4 levels as shown
in Table 2.10

Table 2.10 Violence level assignments for each event that effect to human

Level Violence Specification
1 Less Less injure in first aid level
2 Medium Injure that must have medical heal
3 High Severe injury or illness
4 Very high Disabled or death
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Table 2.11 Violence level assignments for each event that effect to community

Level | Violence Specification

1 Less Not effect to community around factory or less effect

Medium Effect to community around factory and solve in short time

2
3 High Effect to community around factory and need time to solve
4 Very high | Sever effect to community in wide area or government

must manage to solve

Remark community effects mean annoyance to community, injure, illness and

damage to community and peoples assets.

Table 2.12 Violence level assignments for each event that effect to environment

Level | Violence Specification
1 Less Less effect to environment, controllable or solvable
2 Medium Moderate effect to environment, solvable in short time
3 High Severe effect to environment, need time to solve
4 Very high | Very severe effect to environment, must use resources and
time to solve
Remark environmental effects mean decadence and damage of environment

such as air, earth or water source.

Table 2.13 Violence level assignments for each event that effect to assets

Level | Violence Specification
1 Less Less or no assets damage
2 Medium Moderate assets damage and production can be continued
3 High Severe assets damage and must stop production in some
parts
4 Very high | Severe assets damage and must stop overall production
Remark the damage of assets in each level can be suitably assigned by consider

the capability of the factory.
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The risk level assignment considers result of opportunity level multiply
by violence level that effect to person, community, asset or environment. If the
violence level that effect to person, community, asset or environment is differs, choose
higher risk level as risk assessment level of that event. The risk level is divided into 4

levels as shown in Table 2.14

Table 2.14 Hazard risk assignment

Risk level Result Meaning
1 1-2 Less risk
2 3-6 Acceptable risk, require review of control measure
3 8-9 High risk, require operation to decrease risk
4 12-16 Non-acceptable risk, stop operation and immediately
rectify to decrease risk

2.7 Related researches

Chetsada Bumbadsok (2548) [14] studied the readiness of production
operators for accident management from oil and gas uses. It was found that operators
with different age, working experience and education have significantly differed in
readiness of accident management knowledge from oil and gas uses. The old
operators were not always had higher readiness for accident management from oil and
gas uses but it was depend on personal responsibility. Moreover, everyone must get

ready all the time for oneself safety when having accident from oil and gas.

Prapan Limlek (2547) [15] studied the application of quantity risk
assessment to identify critical work and assign approach accident protection measure
in natural gas production. It was found that 3 main components in risk level
assignment; violence, possibility and operation frequency, can be used for identify
critical work in natural gas production and assign the hazard protective measure to

reduce critical working loss.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 23

Pravit Tuytemvong (2547) [16] studied the risk assessment of methane
from the upflow anaerobic sludge blanket (UASB) wastewater treatment. It was found
that even UASB system can produce methane as renewable energy but also has
leakage, inflammable gas diffusion, explosion and fire. Moreover, risk reduction
measure by install sprinkler system, heat shelter in case of fire of structure and LPG
control system and practice regulation in case of emergency and methane leakage are
presented.

Pitti Bodklone (2548) [17] studied the risk assessment of fuel and LPG
tank farm. It was found that elementary hazards of fuel and LPG tank farm came from
leakage and fuel and LPG became vapor. After vapor diffuse and encounter spark
source, explosion and fire will occur cause severe damage. Then the effects of these
events were studied with quantity risk assessment and calculate as number to find the
effect in each event. Moreover, the related mathematical model was written on

Microsoft excel program to predict correct event and close to real event.

Supavat Tadacharumongkol (2551) [18] reported accident investigation
the cause and protection of explosion of firing chamber which use liquid as thermal
conductor and use biogas fuel. It was found that hazards and life and assets damage
came from the cause that H,S, CO, and moisture were not removed from biogas
before feed to burner.

Torretta Vincenzo (2008) [19] studied about safety management in
wastewater treatment system. The risk assessment was analyzed using FMEA (Failure
Mode and Effects Analysis) and FMECA (Failure Mode, Effects and Criticality
Analysis) techniques to assess environment effect. Moreover, the HAZOP (Hazard and
Operability) technique was used to decrease factors that cause hazards. It was found
that there was inflammable biogas leak in wastewater treatment area in case of unusual
operation. The smoking, spark or using equipment that can spark was prohibited in
this area. Well air ventilation and electricity equipment that do not cause spark must

be used.
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Vichai Pruktharathikul [20] study about risk assessment LPG, burst on
Phetburitadmai road with Fault Tree Analysis technique. Thus important cause of
accident occurrence be 1) truck no the standard and a truck that no design to keep for
load a LPG bucket. 2) LPG bucket design for set up at the ground, when connection
pipe from a bucket torns, gas within a bucket then leaks to come out quickly. 3) driver

drive a truck with high speed until truck turns over.

Phanthawat Banchongsiricharoen [21] study about risk assessment in
safety, health and environment of Petroleum Industry. The hazard method is selected
as a tool to identify and assess the impact of risk associated with hazards. These
hazards are classified into 28 categories. Delphi method is used to gather information
from specialist and experienced persons in Petroleum Industry. Risk management is
then performed to analyze the impact and the frequency of each hazardous group. A
number of risk response strategies used to reduce the impact of each hazard group.
The proposed table is useful for managing projects relate to the petroleum industry,

particularly in the design and operation phases of the plant.
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CHAPTER Il
METHODOLOGY

Analysis and risk assessment of hazard in anaerobic fixed film system
biogas production of tapioca starch manufacturing was studied. The detail of study is

shown as follow,

3.1 Study area
3.1.1 Study area detalil
Study information of a tapioca starch manufacturing in
Chonburi province. The biogas production systems in this factory are 2 tanks of 6,000
m?* Anaerobic Fixed Film Reactors (AFFR).

Figure 3.1 Anaerobic fixed film Reactor (AFFR) for biogas production system in

tapioca starch manufacturing

Wastewater from tapioca starch manufacturing is treated in biogas
production system; biogas is taken after wastewater is treated.
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Biogas production system consists of equipment for biogas production,
reactor, and biogas usage such as blower which has safety equipment as show in Table
3.1

Table 3.1 Biogas production equipment

Equipment Function
Anaerobic Fixed Film Produce and storage biogas
Reactor
Header Control biogas pressure before send to burner,
generator or flare
Gas blowers Send biogas to burner, generator and flare
Knockout drum Reduce biogas moisture
Flare Burn excess biogas
Pump Feed wastewater to reactor
Pressure control system Control biogas pressure at header
3.1.2 Production process
The anaerobic fixed film biogas production system has detail as
follow,

1. 100 m’hr of wastewater from tapioca starch
manufacturing is send to a 4.5 x 4.5 x 2.5 m equalization tank or cesspool.

2. Wastewater is feed into bottom of reactor with 50 m*/hr
flow rate.

3. AFFR digest organic substance in wastewater and
produce biogas which float to the top of reactor. Treated wastewater overflow through
via to the next treatment.

4. Biogas has 10 mbar pressure and flow to stock gas for
storage.

5. Deliver biogas to usage point.

- At burner, biogas is delivered by 300 mbar biogas

blower1 which use 500 m*/hr of biogas.
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- At generator, biogas is delivered by 360 mbar biogas
blower2 which use 1,000 m*hr of biogas.
6. Biogas passes through knock out drum to reduce
moisture before deliver to usage point.
7. In case of header pressure reach 15 mbar, biogas

blower3 at flare will suck biogas to burn out.

3.2  Working group
Study, analysis and review for hazard identification, risk assessment
and risk management planning will be performed by
1. Design engineer of biogas production system
2. Maintenance engineer

3. Industrial Hygiene and Safety officer

3.3  Methodology
3.3.1 Preparation of risk and hazard elementary list
Preparation of risk and hazard elementary list will be studied in
startup step, operation step and shutdown step for overall system.
Study, analysis and review of biogas production operating,
storage and application will be collected to prepare risk and hazard elementary list and
identify the effects to human, community, assets or environment to risk and hazard

elementary list.

3.3.2 Hazard identification method
Perform hazard identification of the collected risk and hazard
elementary list by Checklist, What If Analysis, Hazard and Operability Study
(HAZOP), Failure Modes and Effects Analysis (FMEA) and Event Tree Analysis.

Event, accident and serious accident that may happen and the effects will be identified.
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3.3.3 Risk assessment
Consider hazard identification data that identify failure and
operation error for chance level and violence level of each event. The effect to human,
community, assets and environment will be assessed. Multiply chance level to
violence level that effect to human, community, assets or environment. If risks levels
that effect to human, community, assets or environment are differ, choose higher risk

level as result of risk assessment for that case.

In regards to the regulations of Department of Industrial Works
about the hazards identification, risk assessment and risk management planning
regulated in 2000, it has categorized the Chance of Incidents in 4 levels as per the
Table 2.8 Level 1 will represent the rarest chance which means never happened
within the past 10 years or more. In this research, due to this biogas production
system has been using for less than 10 years, the Chance of Incidents has been re-

categorized, by the committee, to suit the purpose of this research as follows :

Table 3.2 Chance level assignment for each event (re-categorized)

Level Specification

1 Rare opportunity to occur such as never occur in more than 42 months

2 Less opportunity to occur such as frequency of 1 time in 21-42 months

3 Moderate opportunity to occur such as frequency of 1 time in 5-20

months

4 High opportunity to occur such as frequency of more than 1 time in 4

months

For assets damages, the committee has identified the amount of money

equivalent to the level of damages as follows :
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Table 3.3 Violence level assignments for each event that effect to community

(re-categorized)

Level Damages Specification

1 Low Small or no damage to the assets (< 20,000 Baht)

2 Moderate | Moderate damage and able to continue the productions
(< 100,000 Baht)

3 High Highly damage and partial production stopped
(< 500,000 Baht)

4 Highest Highest damage and total production stopped
(> 500,000 Baht)

3.4 Risk management plan

Prepare plan to assign appropriate and effective safety measure for
reduction and control hazard risk from biogas production and use to be certain that all

measures will be operated usually.
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CHAPTER IV
RESULTS

This research studies about the biogas production system of the tapioca
starch manufacturing and collecting primary data related to the Anaerobic Fixed Film
biogas production system and including all equipments and tools using in the system,
quantity of produced biogas and the utilization of biogas by using Hazard and Risk

Analysis.

From the hazard and risk analysis of biogas production system of
tapioca starch manufacturing and found that the risks which may lead to major hazards
can be divided into 5 major activities as follows :

1. Raw materials

2. Biogas production process

3. Tools and equipments

4. Maintenance and other activities

5. Environments

Table 4.1 List of Risks

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Factory operations | Risks and Hazards Impact Remarks

1. | Raw materials
- Waste water - Smell of waste - Employees and Checklist 1
water community

suffered and

annoyed
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Table 4.1 List of Risks (continue)
Tapioca Starch Manufacturing
Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009
Factory operations | Risks and Hazards Impact Remarks
2. | Biogas
production
process
- Waste water - Silt pond due to - Colleting pond What If 1
collecting and flour mud less capacity
piping system
- Leaking wall - Waste water What If 1
percolate into the
ground
- Waste water is over | - Waste water What If 1
pond capacity overflow to the
drainer causing
rancid and flow
into public canal
- Biogas - High pressure in Tank breaks, What If 2
production system waste water and
system biogas leak out
- Biogas contains too Equipments were | What If 2
high hydrogen eroded
sulfate
- Biogas contains Water drops and What If 2

high humidity

moss covered
equipments
causing improper

operations
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Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

M.Sc. (Industrial Hygiene and Safety) / 33

temperature in gas

ignition

crack and fall

into air shaft, end
shaft left opened,
heat flow outside

Factory operations | Risks and Hazards Impact Remarks
- Biogas piping - Pressure in gas pipe | - Undurable pipe ETA1
was too high than then crack,
normal biogas leak out
and catch fire
easily
- Gas Ignition - Pressure transmitter | - Tank reactor What If 4
error crack due to high
pressure
- No lighting gas - Cannot clear up
all biogas
causing high
pressure in the
pipe then crack
on tank reactor
and gas pipe
- Too high - Fireproof cement | What If 4
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Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Results / 34

Factory operations

Risks and Hazards

Impact

Remarks

Equipments
- Waste water
pump and

piping

3. | Machineries and

- Pump does not

work

- Sudden light out

- Pump paddle lock

cause by rust or soil
blocked

- Waste water
overflow from
collecting pond
to the drainer and
cause rancid then
flow into public
canal

- Waste water
overflow from
collecting pond
to the drainer and
cause rancid then
flow into public
canal

- Waste water
overflow from
collecting pond
to the drainer and
cause rancid then
flow into

public canal

What If 1

What If 1

What If 1
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Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Factory operations | Risks and Hazards Impact Remarks
- Gas pipe leak, crack | - Waste water What If 1
cause waste water overflow to the
overflow and drainer and
percolate public canal
cause to

community and
environment
hazard

- Reactor - Crack on reactor - Biogas leak out What If 2
due to high pressure | and if high
inside lead to water intensity of

and biogas leak out methane meet
with sparkling
fire then can
catch fire easily
and dangerous to
employees,
assets,
community, and

environment.

- Too low level of - Biogas leak out What If 2
water at head tank into the air and if
meet with

sparkling fire
then can catch

fire easily
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Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Results / 36

to employees,
assets,
community, and

environment.

Factory operations | Risks and Hazards Impact Remarks
- Biogas pipe crack - Biogas leak out
into the air and if
meet with
sparkling fire
then can catch
fire easily
- In case of no - Pressure in gas pipe Biogas leak out What If 17
Close flare is higher than into the air and if
system normal standard meet with
sparkling fire
then can catch
fire easily
- In case of no - Back fire Back fire into the | What If 18
Flame arrester biogas pipe cause
severe fire
damage
- Flare Blower - Not work properly, Biogas leak out, HAZOP
biogas with high high intensity of (node 1)
pressure and leak methane and due after
out, high pressure in | sparkling can risk
gas pipe catch fire, danger | assessment
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Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Factory operations | Risks and Hazards Impact Remarks
- Flame arrester | - Back fire - Back fire in HAZOP
biogas pipe but (node 2)
blocked by flame | due after
arrester, fire stop risk
assessment
- Stack Flare - Temperature in gas Fireproof cement HAZOP
burning is too high crack and fall (node 3)
into air shaft, end | due after
shaft left opened, risk
heat flow outside | assessment
- Gas Ignition - No LPG High pressure in HAZOP
pipe and cannot (node 4)
burn out all due after
biogas and cause risk
explosion assessment
- Roots blower - Blower damage and Noisy , if blower FMEA 1
does not work does not work it
properly will cause high
pressure and
biogas leak out
and if meet with
sparkling, then
can catch fire or
explosion




Kamontorn Chuenchom Results / 38

Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Factory operations | Risks and Hazards Impact Remarks
- Blower stops due to | - High pressure, FMEA 1
short circuit leaking and

explosion, danger
to employees,
community,
environment and
assets

- Water seal tank | - Low level of water | - Biogas flow out, What If 3
if meet sparkling
fire can catch
fire, danger to
employees,
community,

environment and

assets
- Rusty tank and - Water leak out What If 3
eroded cause bio-gas

leak out, if meet
sparkling then

can catch fire

easily
- High level of water | - Biogas cannot What If 3
in the tank release then lead

to high pressure

in tank and crack
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Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Factory operations | Risks and Hazards Impact Remarks
- Close flare - Erosion - If gas leaking, What If 4
system can catch fire or

explosion, danger
to employees,
assets,
community, and
environment.

- Gas filter tank | - Erosion - If gas leaking, What If 5
can catch fire or
explosion, danger
to employees,
assets,
community, and

environment.

- Knock out - Eroded and crack - Biogas leak out, What If 6
drum equipments danger to
employees,
community,
assets, and

environment.

- Pressure relief | - Equipment cannot | - Pressure keeping ETA1
valve release excess in pipe system,
pressure storage, danger

to assets
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Table 4.1 List of Risks (continue)
Tapioca Starch Manufacturing
Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009
Factory operations | Risks and Hazards Impact Remarks
- VPS - Humidity and moss | - Explode in FMEA 2
covered on burning room
equipments and
eroded by hydrogen
sulfide lead to
unproper operations
- Burner Intensity of methane | - Explode in What If 15
is less than 45% burning room
Intensity of carbon | - Explode in What If 15
dioxide is high burning room
High humidity of - Explode in What If 15
biogas burning room
Too much air in - Explode in What If 15
burning room burning room
- Air Chiller Inadequate cool for | - Water drops on What If 7
condensing, biogas equipments and due after
has high humidity damages, risk
equipments and assessment
cylinder were
eroded, damage
to assets and
employees
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Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Factory operations Risks and Hazards Impact Remarks
- Low efficiency will | - Left out sulfur What If 8
less reduction of in biogas will due after
H2S erode cylinder risk
and other assessment
equipments,
damage to assets
- Automatic - Spring stuck High humidity in | What If 9
drainer biogas, safety
equipment
damage
- Generator - Biogas contains Erode What If 10
high hydrogen equipments
sulfide
- Loud noise of Noise pollutions | What If 10
generator
- Storage gas - Canvas HDPE Biogas leak out, | What If 11
leaking and tear, if methane has due after
biogas leak out high intensity risk
may catch fire assessment
and explosion,
damage to
employees,
community, asset
and environment.
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Table 4.1 List of Risks (continue)
Tapioca Starch Manufacturing
Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009
Factory operations Risks and Hazards Impact Remarks
- High grass around | - Dry grass is Checklist 2
pond near by the easily
Store catching fire
Repairing,
Maintenance and
other activities
- Fixing canvas - Sparkling during - Fire and danger What If 12
fixing canvas to employees and
assets
- Cutting and re- - Sparkling during - Fire and danger What If 13
joint biogas pipe cutting pipe to employees and
assets
- Cleaning to - Smell of hydrogen | - Employees smell | What If 14
eliminate sulfur sulfide hydrogen sulfide
from biogas and eye irritate
and dizzy
- Maintenance in | - Unbreathable - Danger to What If 16
reactor tank inside the tank employees
Environments
- Noisy from - Loud noise of - Noise pollution FMEA 1,
blower and blower and towards What If 10
generator generator employees
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Table 4.1 List of Risks (continue)

Tapioca Starch Manufacturing

Date of the study, analyze and review of the operations in factory
June 1 — December 31, 2009

Factory operations Risks and Hazards Impact Remarks
- Smell of waste - Smell of methane - Air pollution Checklist 1
water gas and hydrogen towards
sulfide employees,

community and

annoyed

From the hazard and risk analysis of biogas production system in tapioca
starch manufacturing, the risks and hazards are identified according to the work

process in the factory as follows :

1. Raw materials

Polluted water will be analyzed by 16-item Checklist and found that there
are 5 items did not in line with the regulations such as bad smell of polluted water,
inadequate fire extinguishers, staff were untrained for the biogas knowledge and
emergency plan when. The risks were leveled 1 and 2 as per the Checklist Table in

Appendix A.

2. Biogas production processes including collecting system and waste water piping,
bio-gas production system, biogas mainline system and biogas ignition system as
follows details :

Collecting and waste water piping : the hazard and risk assessment was
made by the What If Analysis method and found that waste water overflow to public
canal or percolate into the ground, gas pipe cracked. The risk level is 1 as per the
What If 1 in Appendix B.

Biogas production system : the hazard and risk assessment was made by

the What If Analysis and found that pressure in tank reactor is too high, produced
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biogas contains hydrogen sulfate and too high humidity. The risk levels are 2, 3 and 4
as per the What If 2 in Appendix B.

Biogas piping : the hazard and risk assessment was made by the Even
Tree Analysis with an starting incident that pressure in the biogas pipe is higher than
normal gauge, the hazard may happen if 3 equipments which are pressure transmitter,
interlock and relief valve do not work properly at the same time. The pressure within
the biogas pipe will be very high, the pipe will not be durable and break, biogas will
leak out, catch fire easily and other equipments will be damaged. The level of risk is 2
as per the ETA 1 Table as Appendix E.

Biogas ignition system: the hazard and risk assessment was made by the
What If Analysis and found that hazard may be caused by error or deterioration of
equipments such as pressure transmitter present inaccurate figure lead to crack on
high-pressure tank reactor then biogas leak out and may catch fire easily. The risk

levels are 1 and 2 as per the What If 4 in Appendix B.

3. Machineries and equipments which included waste water pump and pipe, reactor,
flare blower, flame arrester, stack flare, bas ignition, roots blower, gas filter tank,
water sealed tank, knock out drum, pressure relief valve, value proving system, burner,
air chiller, desulphurization, automatic drainer, generator and storage gas as per the
following details :

Waste water pump and pipe : the hazard and risk assessment was made
by What If Analysis and found that waste water overflow from collecting pond to
public canal or percolate into the ground and gas pip cracked. The risk level is 1 as per
the What If 1 in Appendix B.

Reactor : the hazard and risk assessment was made by What If Analysis
and found that the pressure in the tank reactor was too high, biogas contains hydrogen
sulfate and too high humidity. The risk levels are 2, 3 and 4 as per the What If 2 Table
in Appendix B.

In case of no Close flare system : the hazard and risk assessment was
made by What If Analysis and found that pressure in the biogas production system is
very highly and leak into the air causing air pollution. The risk level is 4 as per the
What If 17 Table in Appendix B.
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In case of flare without Flame Arrester : the hazard and risk assessment
was made by What If Analysis and found that during lighting with LPG which has
higher pressure than biogas, it backfired into the pipe and cause fire. The risk level is
2 as per the What If 18 Table in Appendix B.

Flare Blower : the hazard and risk assessment was made by Hazard and
the Operability Study (HAZOP) node 1 as per Figure C.1 found that pressure in the
biogas production system is very highly but control valve not work. Biogas leak out,
high intensity of methane and sparkling can catch fire, danger to employees,
community, environment and assets. The risk level is 2 as per the HAZOP (node 1)
Table in Appendix C.

Flame arrester : the hazard and risk assessment was made by Hazard and
the Operability Study (HAZOP) node 2 as per Figure C.2 found some errors happened
which are back fire and un-close control valve. The risk level is 1 as per the HAZOP
(node 2) Table in Appendix C.

Stack Flare : the hazard and risk assessment was made by Hazard and the
Operability Study (HAZOP) node 3 as per Figure C.3 found some errors happened
which are high temperature, low pressure and high pressure. The risk level is 2 as per
the HAZOP (node 3) Table in Appendix C.

Gas Ignition : the hazard and risk assessment was made by Hazard and
the Operability Study (HAZOP) node 4 as per Figure C.4 found some errors which
may happened which are no flow, low flow and high flow. The risk levels are 1 and 2
as per the HAZOP 4 Table in Appendix C.

Roots Blower : the hazard and risk assessment was made by Failure
Modes and Effects Analysis (FMEA) as per the Figure D.1 found 9 equipments such
as motor, belt, bearing and axle were non-maintenance and deteriorate. The risk levels
are 1 and 2 as per the FMEA Table 1 in Appendix D.

Gas Filter Tank : the hazard and risk assessment was made by What If
Analysis and found the equipments were eroded by hydrogen sulfate and lead to
biogas leaking out, the filter is blocked and unable to reduce humidity of biogas
properly. The equipments must be checked and cleaned regularly. The level of risk is
2 as per the What If 5 Table in Appendix B.
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Water Sealed Tank : the hazard and risk assessment was made by What
If Analysis and found that the tank break and water leaked out. When water level is
low then cannot balance the pressure inside and cause to biogas leaking into the air
which can catch fire easily. The level of risk is 2 as per the What If 3 Table in
Appendix B.

Knock Out Drum : the hazard and risk assessment was made by What If
Analysis and found that equipments were eroded by hydrogen sulfate and biogas leak
out, lower drainer was blocked and unable to reduce the humidity of biogas. The level
of risk is 2 as per What If 6 Table as Appendix B.

Pressure Relief Valve : the hazard and risk assessment was made by Even
Tree Analysis with the starting incident which is the pressure within the biogas pipe is
higher than standard level and found that the hazard may happen if 3 equipments
which are pressure transmitter, interlock and relief valve do not work properly at the
same time. The pressure within the biogas pipe will be very high, the pipe will not be
durable and break, biogas will leak out, catch fire easily and other equipments will be
damaged. The level of risk is 2 as per the ETA 1 Table in Appendix E.

Value Proving System (VPS) : the hazard and risk assessment was made
by Failure Modes and Effects Analysis (FMEA) as per the Figure D.2 and found that
17 parts such as solenoid, compression spring, safety valve coil were eroded by
hydrogen sulfate. The level of risks are 1 and 4 as per the FMEA Table 2 in
Appendix D.

Burner : the hazard and risk assessment was made by What If Analysis
and found that methane gas intensity is low, carbon dioxide intensity is high, high
humidity in biogas and too much air in the burner which can lead to an explosion. The
risk levels are 2 and 3 as per the What If 5 Table in Appendix B.

Air Chiller : the hazard and risk assessment was made by What If
Analysis and found that temperature of the water is too high and unable to reduce
humidity of biogas. The risk levels are 1 and 3 as per the What If 7 Table in Appendix
B.

Desulphurization : the hazard and risk assessment was made by What If

Analysis and found that the pH of spraying water is too low, sprinkle is blocked, sulfur
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is silted in the system and wall is eroded and cannot reduce intensity of hydrogen
sulfide. The risk levels are 1, 2 and 3 as per the What If 8 Table in Appendix B.

Automatic Drainer : the hazard and risk assessment was made by What If
Analysis and found that the spring was stuck and moss and cannot drain the water
properly. The risk levels are 1, 2 and 3 as per the What If 9 Table in Appendix B.

Generator : the hazard and risk assessment was made by What If Analysis
and found that methane intensity is low, humidity and high intensity of hydrogen
sulfide was found in biogas. The risk levels are 1, 2 and 3 as per the What If 10 Table
in Appendix B.

Storage Gas : the hazard and risk assessment was made by What If
Analysis and found biogas leaked out because of tear in canvas, high pressure biogas,
low level of water in canvas strip and can catch fire easily. The risk level is 2 as per
What If 11 Table. The hazard and risk assessment was made by Checklist Analysis
with 11 items and found that high grass around the pond near by the store which can

catch fire easily. The risk level is 2 as per the Checklist 2 Table in Appendix B.

4. Repairing, Maintenance and other activities included fixing tear canvas, cutting
and re-joint the biogas pipe, cleaning the system to eliminate sulfur and reactor
maintenance as per following details :

Fixing tear canvas : the hazard and risk assessment was made by What If
Analysis and found sparkling during cutting the canvas which can catch fire easily.
The risk level is 2 as per What If 12 Table in Appendix B.

Cutting and re-joint the pipe : the hazard and risk assessment was made
by What If Analysis and found sparkling during cutting which can catch fire easily.
The risk level is 2 as per What If 13 Table in Appendix B.

Cleaning the system to eliminate sulfur : the hazard and risk assessment
was made by What If Analysis and found that employees smelt, eyes irritated by sulfur
and feel dizzy. The risk level is 2 as per What If 14 Table in Appendix B.

Inside reactor maintenance : the hazard and risk assessment was made
by What If Analysis and found that employees smelt, eye irritate by hydrogen sulfide
and feel dizzy as well as lack of oxygen due to work in a narrow work place. The risk
level is 1 and 2 as per What If 16 Table in Appendix B.
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5. Environments included noise pollution from roots blower and generator and bad
smell of waste water as per following details :

Noise pollution from roots blower and generator : the hazard and risk
assessment was made by Failure Modes and Effects Analysis (FMEA) and found noise
pollution when running the roots blower and generator. The risk level is 2 as per
FMEA 1 and What If 10 respectively in Appendix D.

Bad smell of waste water : the hazard and risk assessment was made by
Checklist Analysis and found that waste water turned rancid causing air pollutions
towards employees and community. The risk level is 2 as per the Checklist 1 Table in

Appendix A.
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CHAPTER V
DISCUSSIONS

Risk identification is performed by segmentation within Tapioca starch
factory according to list of hazard risk. Method for risk identification and assessment

used are as following:

Checkilist 2 lists
What If Analysis 18 lists
Hazard and Operability Study (HAZOP) 4 lists
Failure Modes and Effects Analysis (FMEA) 2 lists
Event Tree Analysis 1 list

When consider result of risk identification and assessment in all process
within biogas production system in tapioca starch production plant found 5 from 27 list
that are in unacceptable level including:

1. No flare system lead to failure including: much amount of
biogas is released to atmosphere; excess pressure was cause of break reactor tank
structure and loss of energy without any benefit.

2. Reactor produce biogas with high content of hydrogen
sulfide level lead to failure by such hydrogen sulfide was cause of high corrosive in
equipment and unable works in normal condition.

3. Reactor produce biogas with high content of humidity
lead to failure by this humidity and slime dirt of biogas will adhere to equipment and
was cause of abnormal operation.

4. Solenoid Valve is fail by humidity, slime dirt of biogas
and corrosion by hydrogen sulfide lead to equipment abnormal operation.

5. Compression spring is fail by humidity, adhered by slime

dirt of biogas and corrosion by hydrogen sulfide lead to equipment abnormal operation.
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High risk activities composing of 7 lists as following:

1. high pressure within reactor and not released out lead to
failure that break of reactor tank structure from excess pressure as well as cause of
waste water and biogas leakage.

2. Low pH value of spray water for trap hydrogen sulfide
lead to failure by insufficient decrease hydrogen sulfide in biogas consequences of
safety equipment corrosion and become abnormal operation.

3. Rigid of automatic drainer compression spring lead to
failure by much amount of residue water in pipeline resist biogas flow, humidity in
biogas is not reduced effect to abnormality operation of various equipment and potential
to harm explosion.

4. Biogas that feeding to generator has high content of
hydrogen sulfide level lead to failure by result of high corrosive to generator’s piston
and unable operate.

5. Methane that feed to Burner has concentration lower than
45% lead to failure by inconsistency operate of Burner and cause of explosion within
combustion room.

6. Biogas that feed to Burner has high carbon dioxide
concentration level lead to failure by inconsistency operates of Burner and cause of
explosion within combustion room.

7. Biogas that feed to Burner has high humidity level lead to
failure by inconsistency operates of Burner and cause of explosion within combustion
room.

As conclusion above will see that potential cause of serious risk e.g. biogas
leakage, high content of hydrogen sulfide level and high humidity level. Nature of
accident including: fire, explosion of biogas during use, therefore, risk management
plan is prepared as following:

- Risk reduction plan — 5 plans

- Risk control plan — 10 plans

Description of risk reduction plan, risk control plan and risk list with risk

administration measure is shown as appendix F, G and H respectively.
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5.1 Discussion of study design
511 Instrument error
This research is the risk assessment analysis by Checklist, What If
Analysis, Hazard and Operability Study (HAZOP), Failure Modes and Effects Analysis
(FMEA) and Event Tree Analysis technique. Research has chosen to use each the
technique follows the suitability of work character. But, some equipment that used the
technique in risk assessment inappropriate to suit. Failure Modes and Effects Analysis
(FMEA) is hazard identification technique that analyze failure and result. It is used for
check machinery parts in each system and the result of machinery failure is then
analyzed. This study use FMEA technique 2 lists for analyze roots blower and valve
proving system. This technique should use analytical other equipment such as
Generator. Because of, generator is new equipment, be the equipment that import from
foreign country and there is varied component that risk assessment team have no expert.
Researcher has consulted an expert about the data that use to analysis.
51.2 Personal error
Before to be research, researcher and risk assessment team have
not experience about equipment in biogas production system cause analytical the data
has incorrectly. The working group that risk assessment must omniscient about data of
equipment in the biogas production system. Then have operating training by specialize
for this study can assess the risk has every completely.
513 Method error
Risk assessment according to regulation of Department of
Industrial Works about hazard identification, risk assessment and risk management plan
standard, 2543 considered how much the chance of event can occur. Which, chance
level assignment for event that rare opportunity to occur is never occur in more than 10
years but biogas plant has been using for less than 10 years, the chance of incidents has
been re-categorized, by the committee, to be rare opportunity to occur is never occur in
more than 42 months. Amount 42 months get from the period of time that using biogas
production system. Thus after adjust the period of time to use assess the risk, then has

the suitability and correspond usability.
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5.2 Discussion of study results

Result of biogas production system risk assessment the biogas production
system, anaerobic fixed film has biogas production rate at 800 cu. meters per hour. The
area store biogas at the top of the tank reactor has capacity 2,000 cubic meters,
however, tapioca flour production process is cannot continual run causing limitation of
material sources. This is therefore excess production biogas will be released to
atmosphere harm to environment since methane was greenhouse gas. Reactor tank
structure maybe ruptured when faces with excess pressure as well as risk to fires when
leakage biogas is reach sufficient level. Then identification risk by “What If Analysis
17” method and result was level 4 is considered unacceptable and shall immediately
stop operation and correction to decrease potential risk.

Corrective action was made by flare which is able reduce biogas leakage,
excess pressure, and potential risk to fire causing of accumulated biogas. Hazard of
biogas flare, however, should be considered. Because the flame may flow back into the
pipe line since gas pipeline is connected to reactor tank stored produced biogas and
cause of serious fire. Therefore level risk is 2 when flame arrester is not installed and
was acceptable level risk and will be decreased to level 1 when flame arrester is
installed.

In the economic viewpoint, however, flare of biogas is also lost
opportunities in alternative energy fuel. In order to reduce energy loss and release of
carbon dioxide, therefore, construction of biogas storage tank is considered which
benefit both economic and safety viewpoint.

Problem of humidity is still persist on usage of biogas on flour drying
process and electric generation as well as problem from high content of hydrogen
sulfide level. Humidity reduction devices such as automatic drainer installed along gas
pipeline to point of use is unable reduce humid to sufficient level resulting effect to
safety device, such as Solenoid valve, cause of condensate water is adhered at
compression spring and result to valve is not closed off and consequences of leakage
gas into flare at unwanted time and become exceeding rate when in time of use and also
potential cause of explosion within combustion room. Correction, therefore, was made

by install Air chiller system which found is able mitigate humidity problem and
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cleaning time while increase life time of equipment as well as consequences to risk
level is at acceptable level.

Desulphurization system is able decrease hydrogen sulfide level from 3,000-
5,000 part per million to less than 500 part per million resulting to risk level become
acceptable.
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CHAPTER VI
CONCLUSION

This research is studying on the hazard of biogas production system
since receiving waste water to using of biogas. Entrepreneur, therefore, should be taken
to safety measure e.g. pressure measurement device, gas burner system, humidity
reduction system and hydrogen sulfide etc. in order to reduce and control risk from
biogas production system since most of these production system are continual running.
In addition methane is inflammable gas has uncertain composition, therefore, adverse to

life and property maybe occurred when lack of control and prevention.

6.1 Recommendation from this study

In biogas production system there are several safety equipments and devices
for each activity e.g. Gas Blower, Flare, Flame arrester by has not sufficient information
and researcher, in this study, having to consult with external technical expertise relating
to characteristic, operation limitation, and potential problem and effect to safety in
order to use these information in planning control to achieve high level safety.

Researcher found risk assessment technique used is not appropriate to some
equipment types e.g. identification and risk assessment methods, What If Analysis, used
to assess Generator it should be employed by Failure Modes and Effects Analysis
(FMEA) since lack of technical specification from foreign manufacturer, then, it
necessary to use other unsuitable method. It is therefore attempt to consider all risk
impact with consultant of equipment expert engineer and able mitigating certain level of
biogas usage risk.

Tapioca starch production industry recently started using biogas production
system as waste water treatment process and return energy for drying process, electric
generation by has longevity not over 10 years. Therefore all related machine and
equipments such as biogas production system, machine, and associated equipment is

still in good condition and work as good resulting to result of low potential accident
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assessment score. The research result will be different when re-assessment after 10

years longevity and additional information will be given.

6.2 Guidelines for further research

There are several type of Biogas production system from industrial waste
water and waste from different industry are different impurity resulting to produced
biogas has different characteristic or composition. Further research, therefore, should
be taken to another industry to consider potential hazard. Hydrogen sulfide gas was
important problem cause of using biogas with effect and resulting to high corrosive
within machine when has high concentration. Biological desulphurization system that
use Water Scrubbing method and resulting to biogas has high humidity, therefore,
further study should be taken on development of Hydrogen sulfide removal system of
biogas production system to get better performance.

Carbon dioxide also influences to combustion process in generator and
further study should focus on removal of carbon dioxide in biogas.

Only one problem is found on Generator relating to hazard of biogas usage
that is high corrosive at piston by Hydrogen sulfide. Since time for study is short and it
will give more benefit when more study is conducted because biogas is more popular
used as alternative power source.

Risk assessment on hazard of suspension tapioca flour explosion is should
be done in tapioca flour production industry. Since the particle size of flour was only 45
micron and sensitive to explosion when sufficient humidity condition is not controlled.
In addition there are almost of 100 tapioca starch production plants spread all over
country, therefore, further study should be taken in order to mitigate potential hazard
risk.
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APPENDIX B
WHAT IF ANALYSIS

WASTE WATER

Figure B.1 wastewater pump and piping
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Figure B.2 Anaerobic fixed film reactor
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WATER SEALED

Figure B.3 water sealed tank
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Figure B.4 Close flare system
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Figure B.5 Knock out drum
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Figure B.6 Air Chiller
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Figure B.7 Desulphurization



M.Sc. (Industrial Hygiene and Safety) / 81

Fac. of Grad. Studies, Mahidol Univ.

HELL SR TR SRS LY
TR LML LHUEE
Mxods ERLAEN BE1|  NEQMENEIMLEIEIET SRS
z £ 7 z £ 7 L nEENIWsEET - LR ILLS LIS ALLLIL - U NESEHEILMASEIN
T ¢ L L T 1 z MILSH e e -
mm:s
MLBLF L ESE LY
LWET LILOLETa R rEEE HUHTLMS T2
z ¢ L L Fd 1 z ETHSUGHHTLLEE - | S7H MR USUEN]MUESWESS - Mo E B LY
HELTNEEUEESH
Sjfunds et ey R T A T
RSB EHLLELRET MULLEALEN] MBS STH Mt
z ¢ L L Fd 1 z LELUSPELMSLILHTIE - | MBS BLERSH S7H MEUWMLN - npes luuds 7
T
BENLMLLHESMMLLE
npbewy, sesush
ZET JEng EM UL L
MR R UL BEUHLEN], LU e e (UL
£ 7 7 z ¥ + z TISUMEMEREIS - | TESuTRLERE LIS MRS -
ERETLUHEMUTE HELLHEEUIEL
£ g 7 z ¥ + z OEMIELHOLEHIE M - TISUUEESHLSLIEYT -
5 Hd
LB Es el
Lheem Hd Lesthinig WLLLEALER L G7H MEuE
£ 7 7 z b + z AET MEELLSE - STH Teutsnuessunen, - | ewmsmegpuoneen Hd we )
noE W o
M . S ELuE, TSN EREmLY o CLENLEEIE
s | FEEHR LETIM ML SMMENEIEL TR SR UULENTEgILERERATSEnE | S
HLdngas S E LU E LIS LSy SETMEAEsnL A1 TEAN, MLELE
7957 MELINE LE - waes | LAURILELLLLLTG e LWL EETTLIITIHLL
BRI e L MESUEY / BUFMSLUNEENE | BEHSUWLLMASY | SHRTESET ¢ WM
{3 1 ey SISAEUY §| 1BYNY, SLOCHTE L UNASLETITLS R MESLUEMT HLSSLI] UM LSS LLLTLTET LRBESLYEN




Appendices / 82

Kamontorn Chuenchom

TLHIT PETLH T
HERWITIEE EOOLH B
HETWGLL MITLHL W

{8 1 1=y

ML EL A B LRI

Euuh taaum n U
LugreRiLeL | asuenessepmne ehuurg
SLFREIECSERET RUGTEN STH TUS WLLE|  MUMLLL B B REISELE L
z ¥ 1 1 z 1 z LA SLILSLTLHTIA - RUUELEIEILLELSLET, - | mnaseen dwng uogEmany g
. B EAGE
HEELUMNAS B IO LRSS
ML TnUNEGNL Uuee
il L il [ T [ L LM ERREISELE LY -
] I M LI
ELEM] TUHASUAET HUTFLISM
7 P 7 7 £ 7 1 LG LHUEEMELLS MALIHLLY -
R E i W N
ragEn S M B . oLstHpHLImLY o CLFNEEAE
CUF | smpen rETMLILLE BT . . LN HES L SEE | - =
HLCEMERS T TR EELESELL g 3] JEYAN, HLBLE
T5OT MELLLS L§ - none | LA ELELILAT TV S LTI

mesyey  BRGMSLUNEENE | DEHSWNLIESY | SUEIESH / W
SISAEUY §] JEYAN SLOCESTETLUL NSRS PN MESLUEENT LSS LA IILSSLELULMTET LRUK SN




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 83

Figure B.8 Automatic drainer
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Figure B.9 Generator
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Figure B.10 Storage gas
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Figure B.11 Burner
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APPENDIX D
FAILURE MODES AND EFFECTS ANALYSIS

Figure D.1 Roots blower
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APPENDIX H
RISK LIST WITH RISK ADMINISTRATION MEASURE
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