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Abstract: The basic objective of this study is to analyze the hazards and operational problems of plastic manufacturing plant 

and provide some recommendation to operate plant in a hazard free environment. HAZOP technique is used to study the 

whole process of the unit from the storage Silos (Propylene) to Winding machine (collection point of plastic film). Initially 

eight (08) nodes were selected and analyzed qualitatively as per process flow diagram (PFD) and piping and instrumentation 

diagram (P&IDs) of the plant. The analysis includes the deviation of the process parameters from the standard conditions, 

the causes of the deviation, the resulting consequences, and the existing safety measures and finally recommendations were 

suggested to avoid the damage and loss to equipment, product and personnel. Result shows 25 causes of deviations of process 

parameters, 19 consequences out of which 53% of the consequences were related to the product, 42 % were related to the 

equipment and 5% were related to the surrounding and personnel. Moreover, about 11 different existing safety measures 

were installed and practiced by the company and 16 recommendations were suggested. 
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I. INTRODUCTION:  

The working environment in any industry is shaped by 

many factors. Therefore almost every work is 

connected with the occupational risk that is associated 

with the probability of arrival of such undesirable 

events, as incidents or occupational disease (A.Kania 

et al, 2011). 

According to occupational safety and health 

administration (OSHA); a hazard is a condition or a set 

of conditions that present a potential for harm. In order 

to stop any hazard, its identification is the elementary 

and primary step. If the hazard is not recognized, then 

risk assessment is not said occur. There are numerous 

methods of hazards identification which are applicable 

in different stages and phases whether design or 

execution phase in a chemical plant. (British Standard 

BS: IEC61882:2002 (2002) Hazard and operability 

studies (HAZOP studies)- Application Guide British 

Standards Institution, This British Standard 

reproduces verbatim IEC 61882:2001 and implements 

it as the UK national standard. 2001). 

Several accidents could have been avoided if adequate 

process safety analysis have been done and this 

reflects the importance of safety analysis in process 

operation to ensure safe operation. Process Hazard 

analysis (PHA) is also very important to identify the 

potential hazards and suggest feasible mitigation 

action. Hazard and operability (HAZOP) analysis is 

the most widely used among several PHA techniques 

(S.Sikandar et al 2016). 

A HAZOP study identifies hazards and operability 
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problems. The concept involves analysing how the 

plant might deviate from the design intent. If, in the 

process of identifying problems during a HAZOP 

study, a solution becomes apparent, it is recorded as 

part of the HAZOP result; however, care must be taken 

to avoid trying to find solutions which are not so 

apparent, because the prime objective for the HAZOP 

is problem identification. Although the HAZOP study 

was developed to supplement experience based 

practices when a new design or technology is 

involved, its use has expanded to almost all phases of 

an industrial plant's life. HAZOP is based on the 

principle that several experts with different 

backgrounds can interact and identify more problems 

when working together than when working separately 

and combining their results. With the passage of time, 

increasing frequency of environmental hazards and 

human negligence can cause such hazards that cannot 

be fully rectified. Safety and risk management in 

industries of plastic sectors play a crucial role in 

preventing accidents. The important step is the design 

phase in risk management of any industry (Aspin all et 

al, 2006). 

Another Hazop is Retrospective HAZOP which was 

considered suitable for safety assurance, but because 

of limitations and considerable time of the study it is 

rejected. The technique has been developed starting 

from Process Hazard Review and HAZOP.  It was 

applied to a process of acrylic polymerization along 

the whole production cycle. The HAZOP study is 

carried out only to those sections of a plant where it 

has been determined that a deviation from the design 

intent could lead to serious accidents. 

(BorghiB.Fabiano, et al 2001), (Zhaoa, et al 2009) 

HAZOP studies were carried out systematic way about 

40 years ago where a multidisciplinary group used 

keywords on process variables to discover potential 

hazards and operational problems. (Calixto et al) 

 HAZOP consists of a detailed study of the whole 

industrial process from beginning to end with the help 

of variations in process conditions with respect to 

temperature, pressure, material or energy flows in 

piping and instrumentation diagram (P&ID). One 

important factor to consider in HAZOP studies is the 

time required to implement the entire analysis. (Dunjo, 

et al 2010) 

In this work HAZOP study was conducted for the case 

study of a Cast Polypropylene (CPP) film 

manufacturing unit of a plastic manufacturing 

company located at Karachi, Pakistan. This research 

attempts to introduce suitable method of HAZOP 

analysis for the given process in functional phase to 

identify any risk that might be a hazard for the unit and 

its surrounding environment. Also used to ensure safe 

operability of the CPP film manufacturing unit. 

II. METHODOLOGY 

Several techniques and methodologies for risk and 

safety assessment have been proposed since 1970 

including HAZOP, fault tree analysis (FTA), Failure 

mode effect analysis (FMEA), What-if analysis, and 

other schemes based on a combination of various 

techniques. (Faisal I Khan et al 1998). 

This methodology is based upon on the principle of 

traditional HAZOP studies which is based on the fact 

that a problem can only arise when there is a deviation 

from intended designprocess conditions. In most of the 

HAZOP study process has been studied by team 

members by deviding the process flow diagram/piping 

and instrumentation diagram into small sections or 

nodes(Netta Liin Rossinga et al 2009). 

Similarly, the Plastic manufacturing company located 

in Karachi quantitatively analysed by HAZOP team 

members. Briefly Cast Polypropylene (CPP)plastic 

films were produced by extrusion casting method. 

Here Polypropylene granules with copolymers and 

additives enters from hopper into the extruder , melt at 

about 250oC.The resulting melt then entered into the 

Die Plug (D-0001) to form a multi-layered film. After 

the die plug it is passed on the roller machine at 22oC 

to form specific shape. To increases the adhesion of 

surface it is passed to Corona Treatment unit. Finally, 

the finished CPP films were collected on winding 

machine and the winded rolls are placed on stacks for 

the aging process (Fig. 01). 

To simplify P and ID nodes were identified on the 

basis of equipmentsof  fig.01, which  included 

granules  feeding polypropylene (PP) Silos (S-01), 

Extruder (EXT-01), Die plug, Cast Roll (CR-01), Chill 

Roll (CR-02), Treatment Unit, Trimmer and Winder. 

For the considered nodes the design’s intended and 

normal operating conditions were specified (Jordi et al 

2010).  Later, the possible deviation in each process 

parameter such as flow, pressure and temperatures 

were identified with reference to suitable guide words 

(table1). All the possible causes and consequences of 

deviations were listed and concluded the HAZOP 

document with necessary recommendations to 
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minimize or prevent the effects of the 

consequences(shagufta et al 2017) 

 

 

Figure 1:Process and Instrumentation Diagram of 

Plastic Manufacturing Unit 

 

Table 1 Explanation of guide words with process  to 

process parameters 

 

III. RESULT AND DISCUSSION: 

On the basis of above methodology of the technique, a 

detailed HAZOP analysis report (table 2) has been 

formulated. In which all operational problems were 

analyzed and more attention paid on the deviations 

with negative impact on the operations of the system 

resulting in financial losses and personal injuries.The 

deviation of process parameters such as temperature, 

pressure and flow from the standard process 

conditions were also recognized by using guide words 

such as no, lessetc usedthis study as presented in Table 

1. Since result shows a single deviation of the process 

parameter from the standard conditions has several 

causes for it resulting in many consequences. In 

HAZOP sheet about 25 causes of deviation were 

identified. The causes were mostly related to 

equipment or machinery malfunction or blockage, of 

which the main causes included failure in temperature 

measurement instruments, malfunctioning of valves, 

failure in pump suction, high melt flow index of resin.  

This results in about 19 consequences, the more severe 

consequences may result in burst of pipe, damage to 

the extruder, no product output i.e. no plastic film 

production and may result in fire as well. Out of all 

consequences, 52% were predicted to affect the 

product in terms of its production and quality, 42% can 

affect the equipment and 5% of the surrounding 

environment including factory personnel may have an 

adverse effect. There are currently about 11 different 

existing safety control measures installed and 

practiced by the company. Some of which includes, 

Alarms indicating deviation of parameters such as 

temperature, pressure and flow, drain valves, control 

valves and a quality control lab for the identification 

of any impurity in raw material and product quality.   

On the basis of detailed investigation about 16 

suggestions / recommendations have been proposed in 
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table 2. Suggestions were related to the modification 

and improvement of equipment and process such as 

installation of automatic flow alarms, installation of 

non-return valves, control valves and regular 

maintenance of 

equipment

Table2:Summarized HAZOP Sheet of Plastic Manufacturing Unit 

 

Deviatio

n with 

respect 

to guide 

word 

Process 

parameters 

Possible Causes Consequences Existing Safety 

control 

Recommended 

Action 

No Flow  1. Failure of 

Valve (CV-

01). 

2. No power 

supply to 

pump (P-1 & 

P-2) supplying 

cooling water 

to cast and 

chill roll. 

3. Failure in 

pump (P-1 & 

P-2) suction. 

4. Winding 

Motor stop 

working. 

 No CPP film 

production. 

 Increased 

pressure in 

pump. 

 Burst in pipe. 

 Sticking on 

cast roll. 

 Wastage in 

Plastic Films. 

 Temperature 

Transmitter 

(TT) and 

Temperature 

Indicator 

Controller 

(TIC) 

installed on 

EXT-01 and 

Die Plug 

respectively. 

 Manual 

control 

valve (V-01 

& V-02) 

 Drain valve 

(V-12 & V-

21) also 

available. 

a. Install automatic 

flow control valve. 

Along with water 

flow alarm-

HIGH(FIAH) in 

place of manual 

valve.     

b. Operator 

training. 

d. Tag meter 

installation on 

Winder.  

High Temperature  1. Temperature 

Sensor 

dislocated 

from different 

zones of 

Extruder 

(EXT-01). 

 Degraded 

material. 

 Surrounding 

region may 

catch fire. 

 Temperature 

control 

 Temperature 

indicator 

alarm 

high(TIAH-

02)is also 

exist 

a. Periodic 

maintenance and 

calibration of 

Sensor. 
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2. Excessive 

Heating. 

3. Deviation in 

weather 

conditions 

4. Operator 

Failure. 

5. CV-04 Fails to 

open. 

failure in 

EXT-01. 

 

Pressure  6. Blockage in 

screw. 

7. Leakage in 

pipelines. 

8. Operator 

Alert. 

 Material in 

the Extruder 

(EXT-01) not 

homogenised 

properly. 

 Pressure 

alarm 

indicator 

PIAH-05 

a. Timely inspection 

and maintenance. 

 

More/ flow  9. Malfunctionin

g of screw 

drive. 

10. High melt 

flow index of 

resin. 

11. Control 

valve not 

adjusted 

properly 

 Thickness 

and quality 

variation. 

Pipe damage 

 Flow meter 

(FM-01 & 

FM-02) 

a. Periodical 

inspection and 

maintenance. 

b. Proper resin 

selection. 

c. Install automatic 

flow control 

valve. 

d. Install  chilled 

water  high flow 

alarm 

Low Temperature  1. No sufficient 

heating in 

Extruder 

(EXT-01). 

2. Failure  of 

heater(E-

001) 

3. Deviations in 

weather 

conditions. 

4. Operator 

Failure. 

 Viscosity 

decrease. 

 

 Improper 

quality 

obtained 

fromextruder

(EXT-001) 

 Temperature 

indicator and 

controller 

(TIC) installed 

on Die plug. 

 

 Temperature 

Transmitter 

(TT) installed 

on (EXT-01) 

and Die plug. 

a. Periodic 

maintenance and 

Calibration of 

heater and 

control system. 

b. Install Bypass 

heater. 

c. Operator 

training. 

 

Pressure  5. Failure of 

screw motor. 

6. Filter 

blockage 

7. Die Plug 

blockage 

8. Hooper 

blockage 

 No film 

produce. 

 Pressure 

indicator  

alarm low 

installed(PIA

L)   

a. Periodical 

inspection and 

maintenance. 
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Reverse Flow 1. Malfunctionin

g of valve 
 Product off 

set. 

 No Safety In 

Existing Plant 

a. Install non return 

valve. 

As well 

as 

Impurities  1. Presence of 

impurities in 

the raw 

material from 

feed 

hopper(F-001) 

 Feed not 

homogenised 

properly. 

 Choking in 

the extruder. 

 Blocking of 

Die plug. 

 Film 

hardened. 

 Quality 

control lab 

available to 

check the 

polypropyle

ne 

granulesof 

CPP and 

catalyst. 

a. Regular 

monitoring of 

raw material 

from quality lab 

is required. 

b. Follow standard 

SOP. 

c. Ensure standard 

quality of raw 

material. 

 

IV. CONCLUSION 

The above detailed study proved that HAZOP is one 

of the best tool for the identification of hazards in 

plastic manufacturing unit. The operational problems 

/ deviations of the process variables from the design 

intent variables as per the Piping and Instrumentation 

diagram (P&ID) shown in Fig.1. On the basis of which 

a summarized HAZOP sheetwas presented in Table.2 

A total of 9 deviations of the process parameters were 

identified using guidewords. Similarly,19 causes of 

deviations and about 18 consequences were 

highlighted. Out of which 33% of the consequences 

were related to the product in terms of its production 

and quality, 38% were related to the equipment and 

5% were related to the surrounding and personnel. 

Moreover, existing safety control measures includes 9 

different measures installed and practiced by the 

company. Finally, 17 recommendations were 

suggested. 

Major hazards may occur mostly in the extruder and 

rotating machines of packaging industry. These 

hazards can be minimized by proper training of the 

staff as per the recommendations given in this HAZOP 

study. Moreover, the alarms and safety switches 

should be checked periodically (through proper testing 

methods) during the production of plastic films. All 

the measure role in reduction of hazards and safety of 

product, plant and personnel. 
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