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Abstract- Purpose of this paper is to identify and analyse the
potential hazards associated with solar manufacturing
industry and risk assessment of each individual hazard of each
processes and systems. Hazard identification and risk
assessment of different processes which are being carried out
in the solar manufacturing industry and to minimize their
effect in order to make the working place safe. For any
industry to be successful it should meet not only the
production requirements, but also maintain the highest safety
standards for all concerned. The industry has to identify the
hazards,assessthe associated risks and bring the risk to
tolerable level on a continuous basis.
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I. INTRODUCTION

Any industry has to identify the hazards,assess the
associated risks and bring the risks to tolerable level on a
continuous basis. Solar manufacturing industry being a
potentially-hazardous operation has considerable safety risk to
the workers associated with it. Unsafe conditions and practices
in the site lead to a number of accidents and causes loss and
injury to human lives, damages the property, interrupt
developmental aspects etc. Risk assessment is a systematic
method of identifying and analyzing the hazards associated
with an activity and establishing a level of risk for each
hazard. The hazards cannot be completely eliminated, and thus
there is a need to define and estimate an accident risk level
possible to be presented either in quantitative or qualitative
way. Because of the existing hazards of solar
manufacturing industry and the complexity of machinery
and equipment and the associated systems, procedures and
methods, it is not possible to be naturally safe. Regardless
of how well the machinery or methods are designed, there will
always be potential for serious accidents.

Il. REVIEW OF LITERATURE

Kumaravel A and Dr. Muthukumar K (2020) had
concluded that Hazard identification and risk assessment were
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carried out in different department of the brakes India
manufacturing plant. Risk has been calculated by the risk table
range from 1 to 25 were consequence and frequency of
occurrence rating between 1 to 5. This study was aimed to
identify the potential hazards that might cause accident and
risk to the workers in the workplace so that preventive action
should be encounter to minimize such unpleasant accidents
and events. Different control measures were submitted has a
report to the Brakes India Pvt Ltd to reduce the chances of
unexpected events and maintain safe workplace.

Mohamed Shahid P Al, Firoz N et. al. (2019) has
found thatIndia’s growth rate is slow in the deployment of
solar power projects when compared to other developing and
developed countries. This study enables to identify the main
risk in implementing solar energy projects and develop a
guideline which could serve to reduce the risks associated with
investments in solar projects. In this study, survey was
conducted amongst the different players of solar power project
installation and operation to identify the various risk factors
and sub factors.

R Aulia and Qurtubi (2019) had discussed about
hazard identification, risk assessment and risk controlling in a
production line 1 in a company that focuses its production in
engineering, production, installation (EPI) of concrete
industry. Observation and interview are employed as the
method of data collection. The analysis involves Hazard
Identification and Risk Assessment. Based on hazard
identification, there are 53 potential hazard occurrences that
possibly could emerged in company, consist of mechanical
hazards with 55%, physical hazard of 32%, chemical hazard of
9% and electrical hazard 4%. Risk potential is calculated as
53% at the high level, 34% at the moderate level, 11% at the
extreme level and 2% at the low level.

Bambang Suhardil, PringgoWidyolLaksonoet. al.
(2018) had investigate the potential hazards and accidents that
might occur at batik printing PT. Batik Merak Manis and
recommends practical solutions to enhance safety and health
at the workplace. This research adopts Hazard Identification
Risk Assessment (HIRA) and Hazard and Operability Studies
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(HAZOP) to perform risk identification and assessment in the
workplace.

I11. PROBLEM STATEMENT

1) Cell Production-The basic component of a solar cell is pure
silicon, which is not pure in its natural state.Pure silicon is
derived from such silicon dioxides as quartzite gravel (the
purest silica) or crushed quartz. The resulting pure silicon is
then doped (treated with) with phosphorous and boron to
produce an excess of electrons and a deficiency of electrons
respectively to make a semiconductor capable of conducting
electricity. The silicon disks are shiny and require an anti-
reflective coating, usually titanium dioxide. In solar cell
manufacturing process various process hazards are there
which may adversely affect human life and could have the
potential to result in serious accidents. The various potential
hazards are listed in Table 2 associated with cell
manufacturing process.

2) Module Production-The solar module consists of the silicon
semiconductor surrounded by protective material in a metal
frame. The protective material consists of an encapsulant of
transparent silicon rubber or butyryl plastic (commonly used
in automobile windshields) bonded around the cells, which are
then embedded in ethylene vinyl acetate. A polyester film
(such as mylar or tedlar) makes up the backing. A glass cover
is found on terrestrial arrays, a lightweight plastic cover on
satellite arrays. The electronic parts are standard and consist
mostly of copper. The frame is either steel or aluminum.
Silicon is used as the cement to put it all together. Module
manufacturing is a complex method and poses a variety of
potentials hazards. These hazards are found in module
production processes and tabulated in Table 3.

IV. METHODOLOGY

The Hazard identification and Risk assessment
(HIRA) is the structured multidisciplinary hazard
identification, risk assessment and methodology that provides
detail review of hazard, risk and control of the construction
activities. The review is facilitated by the relevant construction
personnel in the brainstorming session.

This tool covers the following steps in a systematic approach
as follows in Figure 1.
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Figure 1: Overview of HIRA Methodology
Steps of HIRA is summarised as follows:

1. Classify work/assessment units or work activities
during construction phase (based on Work Method
Statement).

2. ldentify the hazards associated with work activities.

3. List out the Consequence of the hazard involved in
the activity.

4. Assess and score the risk (i.e. probability X severity)
using the Risk Matrix as per Risk Assessment Matrix
(refer to Table 1).

5. List out present controls (preventive and recovery).

6. Assess the risk based on present controls.

7. Reassess the medium and high risk to bring it down
to acceptable risk.

8. Verify compliance to regional Regulation, Project
Specifications, and applicable international codes and
standards.

V. RISK ASSESSMENT

Risk Assessment Matrix- For each of the identified
hazard, the level of risk is assessed based on the Risk
Assessment Matrix (refer Table 1) during HIRA review. Risk
ranking is firstly performed based on the unmitigated risk for
each hazard, and then the level of risk is re- evaluated after
taking into consideration of the existing prevention/mitigation
measures and controls.
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If the risk is in the Green region on the Risk
Assessment Matrix, this is broadly acceptable and no further
action is required. If the risk is in the Yellow region on the
Risk Assessment Matrix, this is in the tolerable regions and
needs to be demonstrated to be as low as reasonably
achievable (ALARP) by recommending further action. If the
Risk is still in the Red region, this is not acceptable and action
definitely needs to be taken.

HIRA Review team shall discuss the proposed
actions, where applicable, to address the hazard that isascribed
with a medium to high-risk rating.
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Control Measures- Controls are required to be
separated into preventive and recovery. Controls are required
to be categorized using the hierarchy of controls (eliminate,
substitute, isolate, engineering, administrative, and PPE). It
allows review of controls to ensure the principle of inherently
safer construction is being applied.

Table 1: Risk Assessment Matrix

Cuts/abrasions,
short time
discomfort with
no loss of work.

No loss of work
,short time
discomfort no
visible ill health
and injury

Almost
impossible [1]
(Neither can be
perceived or
occurred
anywhere.

Unlikely [2]

(Not/ Never
occurred.
Unusual / but
Possible [3]
(Not Known to
have occurred
or has Occurred
in similar
Operations)

Loss of work, Irreversible/ Fatality / Multiple
reversible reversible Loss | fatalities, Massive
damage to of Body parts, Damage,

body parts, and | Loss of work Permanent

short time beyond 2 disability leading
illness weeks. to loss of work.
exceeding 48

hours

Quite Possible
(Likely ) [4]
(Known to have
occurred or has
while
performing
similar tasks.

Almost Certain

[5]
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to have

(Always known

occurred while
such tasks are
carried out)

Table 2: Hazard Identification and Risk Assessment (Cell Production)

ISSN [ONLINE]: 2395-1052

| Existing Risk Controls
Sr. N Activi Hazards Resk
S ctivity Engineering Controls |Administrative controls PPE level
i § ‘Wafer Unpacking | Fall of packing/wafers People are made aware of hazards and |+ Surgical Gloves.
and Placing the « Cut against the tool used for unpacking safe work practices. « Safety Goggles.
wafers from Pallet |+ Hit against the work table during handling SOPs made available  Face shield
to magazine. « Finger-cut against the broken wafers. Provision of First Aid and medical + Cut-resistive gloves. MR
facility + Clean Room Garments
2 |In-line Texturing - |+ Cuts against the broken wafer. [Emergency Stop to shut down the |People are made aware of hazards and |+ Disposable Nitrile Gloves
Collection of * Wafer jammed inside Wetbench. equipment in safe mode, Enclosed |safe work practices. + Safety Goggles.
rejections/ « Finger trapping in the belt conveyor. operation. Sash door with alarm- | Trained and Authorised Operators * Face shield
breakages from the |+ Chemical exposure due to overlapped wafers |visual and sound. Emergency stops [SOPs made available + Clean Room Garments
texturing machine for draining HF/ HNO3/ KOH/  |Provision of First Aid and medical
HCL to secondary tank, DM (facility MR
water gun for rinsing wafers which
have residual acids
3 |WetbenchBath |Chemical leakage and Drain Pump faiture Doors with Safety interlock, Full face piece air respirator
change/drain resulting in exposure to chemicals- Skin contact |Provision of Leakage sensors. People are made aware of hazards and
Provision of Fume extraction safe work practices, Minimum 60 min permeation
system with scrubber, Users confirm critical controls operating |resistance and excellent
Electrochemical sensors -HF with |correctly prior to start operation , Safe |d dati rating
alarm and interlocking with Local  |Operating Procedure, Provision of First |—Butyl rubber or neoprene hand
exhaust ventilation Aid and medical facility. gloves and sleeves, full body suit
Hazard warning signs, GHS Labelling,
Safety Data Sheets, spection and MR
Preventive, aintenance of critical to EHS
equipment (sensors, LEV., alarms,
interlock relays etc.) MOC for any
changes in the installation
4 |Clean Rollers’bath |Chemical splashing on body. Doors with Safety interlock, Display of Safety signages + Chemical Resistive Gloves
as per requirement Provision of Leakage sensors, Display of MSDS, People are made + Chemical Resistive Suit
Provision of Fume extraction aware of hazards and safe work + Chemical Respiratory Mask
system with scrubber, |practices. + Chemical Resistive boots
Electrochemical sensors -HF with |SOPs made available + Face Shield MR
alarm and interlocking with Local ~ [Provision of First Aid and medical
exhaust ventilation (facility
5: Makeup new bath |+ Chemical overflow. Doors with Safety interlock Display of Safety signages + Chemical Resistive Gloves
+ Chemical fumes can spread outside. Provision of Leakage sensors Display of MSDS. People are made + Chemical Resistive Suit
« Pump failure. Provision of Fume extraction aware of hazards and safe work » Chemical Respiratory Mask
system with scrubber |practices. + Chemical Resistive boots
SOPs made available « Face Shield MR
Provision of First Aid and medical
facility
6 POCI3 bubbler « Fall of POCL3 bubbler package resultingin ~ |POCL3 bubbler is packed in a People are made aware of hazards and |+ Chemical Resistive Gloves
changing - chemical contact and fumes over pack container safe work practices. SOPs made + Chemical Resistive Suit
Movement of « Hit against doors/trolley available. » Chemical Respirator with
POCI3 bubbler Provision of First Aid and medical cartidge Mask
from its storage to facility + Chemical Resistive boots
diffusion room as + Face Shield MR
packed
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Table 3: Hazard Identification and Risk Assessment (Module Production)

[Exinting Risk Coatrols Quakitasive
’ Risk
Activity Hazards Risks Yered
Engincering Controls : PPE BC | I 13
Safe Operateg
L Proceduwe. Deplovment | Electrical Asc Flub
Fad Sev y, B | "
St Dumgedage | a;«:\ BCBOoitey [ mdquiied (Sab drig Loe
Mackoe 2 8e Man  lcables Py iperces, Acorss Coatrol everpond decacal .
! . idamage, Fe, Appeoved decticd & | N N N 3
Blecvicl Pl and e Flash, Short-cooat, | L bk [Provision of rabber mat [work
opersteg pand Overbosd Fames || - Casionxy sgrages  (Elecancal landued
v deplrved oo the Gloves
decacal pasel
lPhchmaq\ ‘
oty , moveg pars o Zackored cperaion vtk |
f!mmm Cut entanglement, mieriocks, phyacal Tramed and Authorized |Safety Shoes
Loadeg o ces sdver e spocl. Heatsbasicn, mputation,  fesceg s et | Openatiny Sarpeal Gloves - X X \3
‘ e o high tempesatye Thermal Borm, Heat  Emerpency Stop to shut [Sufe Operating Agton for cemn '
If famace, ovence ess doun e cqigment i Procedus ]
}m,me@d& e mode
’\.&
"ﬂn&ﬁm‘j
Pe—T— ;’:"“‘hw”‘g" PMULmprored (GHS Libe Sy Dt
Coetact of body parts % \ [sorage cabinet, Sheets, Sofe Operating | Sufiety Goggles, Sufeey 2
§ol }ﬂﬂu&u dﬂlicmi&: iGspeaser md phager [ Procedire, Sweage of  |hoes N N N "=
Mw “:“h" cams, paint comed floce lemsted quassty
[Vapowr durng koading
\
Pch gt ot o L MU“*E
?“"";" P Ot ctmgemest,  fumerbocks, bkl [Traioed and Astherized Sty Shoes
Loading of Ribbon Eduxﬁmlvod&lhmm feaceg semscrsetc  |Operators Sarpeadl Gloves X N X =
Bobbes ‘*‘ i Thermad Dars Heat  [Emerpency Siop o shae [Sufe Operating Agren for dexs '
| DAV Mpectine s down e equpment 8 [ Procedre enyomuent
;ihseaua e mode |
Beges |
|
Mmaw R wit|
o ::::: Ot etwgoment,  [uterlocks, plsical [ Traned and Authorized [Sufety Shoes
] mpmce,  fescng sars e [Operatony Sarpeal Goves 5
Alaching cpuain ;":‘:“""““*‘Manm [Emerpency Shop o et [Suke Operatig. | Agron o cem NN N e
! Bigh ey * | down B¢ eqipment i | Procedire oot
of farnace, oves ot WS
hesm
| [Traned and Authorived
Reverseg $e ool :0d !hbp:::':“ He sbeawcn, oed,  [Blecwoo prossctve  [Operators s‘mt; \ \ N\ &
modde o, mpotaos et safety Curtam Safe Operating >
“-Whéﬂm AR oo

VI. CONCLUSION

During our visit to the plant we have noticed few
safety measures have been taken however there is scope for
improving in the area mentioned in Table 2 and Table 3 in red
and yellow colour. We were astonished to see the workers
participation and eagerness to adopt safe practices. This type
of Safety culture is only possible by management’s
commitment and motivation towards safety. some
improvements brought out in the HIRA study may be
considered for implementation.
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