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ABSTRACT

Modelling and Simulation helps industry to get information about how something will behave without actually
testing it in real life in real industry scenario which will incur cost. One can compress the time frame, and study the
behaviour of a scenario without engaging it. The use of this within engineering is well recognized. It became necessity or
need in an industry. It plays various roles, from fulfilling the requirement in front end task up to furnishing the needed
areas in back end task. In a petrochemical plant especially in Ethylene crackers, training operators to operate plant safely
and consistent is a need. Highernumber in employees "migration does play a role in a need of training simulator. When an
operator with many years of experience left the company, he brings with himself a valuable portion of knowledge and data
and training new personnel will incur money and time cost. The training of ethylene plant new operators now need to rely
on senior operators experiences from different plant life cycle and will vary with different trainers. Need of simulation that
can represent the real world scenario is a mandatory to give a valuable training experience and loss of billions dollars can

be avoided.
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INTRODUCTION

The panel man and field man are trained by using
real time events. Plant abnormalities and unplanned events
should be avoided. A worldwide survey shows that in
United State alone, almost $10 billion are lost annually
because of plant unplanned events [1]. Operator training
plan is crucial step to reduce the monetary as well as the
risk of operating the plant. Operator Training Simulators
(OTS) are beneficial for educating employee action when
faced with unplanned events, educating panel man and
field man faster and succeeding quicker cracker startups
[2]. A dynamic simulation model of the Ethylene crackers
was developed. The model was developed using a
Dynamic Simulation Software. This software incorporates
dynamic behaviour of cracker process and provides a
comprehensive dynamic training.

Operators are assets of a plant. In petrochemical
plant capturing and retaining the knowledge of most
experienced operators (panel man and field operators) are
essential in leveraging the performance of the chemical
plant. Simulators teach employee (operators) how to
operate the plant with confidence and skill. The operators
also can get the experience they need to be ready for any
scenario [3]. Training simulators must fulfill the needs of
panel man and field man [4].As chemical plants and
process controller become more sophisticated, more
effective solution is needed to maintain successful daily
operation. Industry studies of the 170 largest industries,
shown that the damage losses over the last 30 years in the
hydrocarbon processing industry have shown that 28% are
due to operational error or plant upsets [9]. Operational
error due to lack of training and not capable of handling
plant upsets result in the largest average dollar loss of all
accident causes [14].

Chemical plant accidents worldwide

Table-1 shows the chemical plant accidents
worldwide, while Table-2 shows disaster recorded in
Malaysia Chemical Plants.

Table-1. Chemical plant accidents worldwide from 1970’s
to 2013, reported on 2015 [22].

Year Incident Result
February 3, Thiokol-Woodbine 29 died. 50
1971 Explosion, Georgia. injured
May 4, Pacific Er}gm@rmg and 2 died, 372
Production Disaster, ..
1988 injured
Nevada
October 23, Phillips Disaster, 23 killed,
1989 Houston Chemical 315 iniured
Complex, Pasadena .
May 1, Sterlington Plant Blast, | 8 killed, 120
1991 Los Angeles injured
June 13, Williams Olefins Plant 2 killed, 114
2013 Explosion, Los Angeles injured

In just 2 years, 6 cases being reported publicly
and there are also many small incidents that occur but not
published in Malaysia. In just 8 months over 2016, 2 cases
were reported. Many reasons can be named for as the
causes. What we should actually look at is the ways to
minimize the incident not to occur in future. According to
a case study by [21] from his research back in 1991 till
2016 mentioned that three factors collectively caused
accidents in chemical plants: equipment failure (possibly
caused by maintenance problems), lack of human factors
consideration and organizational factors. David Brown,
chief executive of the Institution of Chemical Engineers
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(IChemE) [23] also quoted that human and organizational
errors or failures are the major cause of accidents in
chemical plants. To add more, being reported that one in
five accidents caused by equipment failures in the
chemical process industries are the result of human and
organizational errors.

Table-2. Malaysia fire disaster in chemical plant for past 2
years (2015 and 2016).

Year Incident
8th March Fire in Chemical Plant in
2015 TanjongPenjuru. 3 injured [20].
Petrochemical Petlin Malaysia plant
23rd June catches fire [15]. Blaze was at the stello
2015 of the 130 tonnes boiler, which contained
ethylene.
Chemical plant fire in Kemuning,
12th Sept Malaysia. 1 died and 3 are badly burnt
2015 [19]
25th Dec Malaysia's Petronas Chemicals reports
2015 fire at plant [16].
28th June Fire Halts Operations at Malaysian
2016 Refinery [17].
Bintulu: Petronas has confirmed that no
20th July one was injured in a fire at its Liquefied
2016 Natural Gas plant in Bintulu on Saturday
[18].
Figure-1 shows the occupational accidents

statistics by Malaysia State until December 2015, as
published by the Occupational Safety and Health
Department (DOSH), Malaysia.
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Figure-1. Statistics by Malaysia state for occupational
accidents until December 2015.

Simulator

Operator training simulators (OTS) are computer
based tools [5] for develop the panel man skill and
leveraging the skill throughout the organization in a
variety of technical systems [6].Efficiency of the OTS
training should fulfill several requirements, in providing a
useful platform for the employee to re-form important
parts of the actual plant data and system. Ease
maintenance, quicker simulation and user friendly models
are much preferred in big plant scenarios [7-8].

The most effective methods for people to retain
knowledge and sharpen skills [9] are through learning by
doing. By using the training simulators, the management
can train the operators on infrequent and dangerous
process occurrences, practice smooth operation of the
daily process, properly prepare an inexperienced operator
workforce and create a smooth knowledge transfer process
and able to test control system enhancements and the most
promising in increasing the overall plant safety [10].
Simulators are designed and built to provide highly
realistic process [11] and operations training to operators
of a first of a kind petrochemicals plant (ethylene
crackers). Simulation trainers are often senior staff who
have a good grasp and helicopter view of the whole team-
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based approach [24]. The senior staffs are expected by the
organization to be able to interact and provide valuable
feedback. They will assist the organization to benefit
further from the technology and to reach the set goal.

METHODOLOGY

Developing an OTS is not an easy task for a
petrochemical industry. The simulator at least must meet
the training requirements. It must represent the plant DCS
behaviour. Figure-2 shows the conceptual of how real
plants are converted into virtual plant.
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Figure-2. Converting of real plant to virtual plant.

The Figure-3 is the main methodology of
developing an OTS in a petrochemical industry.
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Figure-3. OTS steps.

Once the process model sheet developed then few
testing will be done to test the behaviour of the model
meets the plant data during Model Acceptance Test
(MAT), Factory Acceptance Test (FAT), and Site
Acceptance Test (SAT). Start up and shutdown task will
be performed to verify the behaviour of the model.
Parameters such as temperature, pressure and flow at
steady state compare to plant data must match as per
setting. For OTS purpose all the control logics and
tripping logic are implemented before it is handover to
users. It is crucial to understand the dynamic response of
the model by varying the conditions under, which the plant
is operated. Figure-4 is the examples of models lay out in
flow sheets.

Figure-4. OTS process model layout.

RESULTS AND DISCUSSIONS

Training of panel man and field man is
considered as a very important activity in the chemical
industry [12]. The operator training simulator (OTS) is a
substitute to train operators without actually jeopardizing
the plant and personnel. Five senior operators and five
new operators are tested in few scenarios as Table-3. The
results were showing in average hours new operators took
longer time to handle the scenarios compare to senior
operators. The differences are almost double. Every hour
delays will cause loss of production.
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Table-3. Comparison of senior and new operators for handling events using
training simulators.

Occasion Experience New boardman
boardman (Hour) (Hour)

1. Start-up CGC 3 8
2. Start Up Reactor 4 8

3. Feed in Furnace 0.5 1.5

4. Start-up Light Separation 8 16
5. Control of DMDS & CO 1 2
6. ConFrol pf Hydro Reactor to | 5

avoid trip and break thru
7. Plant load increase 1
Total 18.5 39.5

The duration only can be improved with more
exposure and practice with Training Simulators rather than
learn through real experience. The cost of money and life
is higher in occurrences of safety incidents.

The operator training simulators in the chemical
industry reported in the open literature since 1990, and till
to date are still a topic of interest as it is being successfully
in use in many chemical industries. In ethylene plant, a
process operator’s job is varied including complex
decision making and critical job aspects than others [13].

In 2010, when a reactor trip, it took 1.5 days for
the experience operators to get the product back as shown
in Table-4. When they left and was replace by the new
operators, it took almost 3 days to get the products back.
Once OTS training was implemented in year 2013, the
trained operator took a day to get the product back.

Table-4. Start-up plant after reactor trip.

Date Sh:;g;)ewn d?ll:;?iin E)ttl;}llll(:::;
(Days) (MT)
24/5/2010 | Reactor trip 1.5 2775
4/5/2013 Reactor trip 2.96 5638
21/4/2014 | Reactor trip 1 1666

A self-customized simulation is preferred since
commercial simulators employed for training purposes
focus more on ‘fidelity’ and not the facilities which will
aid the training process [13]. A proper own customized
simulators are preferred in many organization to fulfill
their entire major and minor requirement. Another major
issue why a proper training should be given to operators is
not because of monetary issue but because of safety issues.
Over the years, many cases being reported that cause
peoples’ life.
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