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Abstract— The paper deals with the Electrostatic Hazard 

Assessment of the electrostatic ignition hazards when 

flammable gases, liquids or combustible powders are 

handled and processed in pharmaceutical industry. An 

electrostatic discharge is one of the most crucial ignition 

sources for combustible substances and flammable liquid. In 

order to carry out correct safety measures to prevent from 

ignition, it is necessary to carry out correct assessment and 

understanding of electrostatic charge. This report includes 

identification of hazardous chemicals which can be a source 

of ignition in form of static charge, assessment of 

accumulation of static charge and its discharge energy. This 

report is presented for one of the largest steroid and 

hormone API manufacturer in India who deals various types 

of hazardous chemicals to produced specialty steroid and 

hormone API derivatives. In API manufacturing industry 

there are numerous operations starts from handling of raw 

solvent, flammable liquid or combustible dust to dispensing 

of finished fine powder can also lead to static charge. In 

order to prevent incidents/accident caused by electrostatic 

discharge, it is necessary that operators or staffs working in 

API plants observe and understand electrostatic potential 

hazards and have preventive measures with safety experts. 

Electrostaticcharge and discharge phenomena, preventive 

measures against static electricity and some methods for 

assessment of electrostatic hazards are described in this 

paper. 
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I. INTRODUCTION 

Symbiotec is the Steroid Chemistry experts in India with a 

complete backward integration to the basic soy sterol 

molecule using process technology including cutting edge 

fermentation technology and fine synthetic Chemistry. 

Symbiotec has two manufacturing facilities in Indore, 

Central India which has been built over the last decade and 

complete with the best in the world in terms of infrastructure 

and technological capabilities.   

To ensure a high standard of fire and explosion 

safety for this Pithampur unit, Electrostatic Hazard 

Assessment has been carried out associated with storage, 

handling, manufacturing /processing and packaging of 

flammable liquid/dusts. The major activities on the site 

include the discussion with the plant personnel, electrostatic 

measurement and inspection of areas handling flammable 

liquids and solids. 

The purpose of this dissertation is to present the 

results of electrostatic hazard assessment, performed for 

Symbiotec Pharmalab Pvt. Ltd for its Pithampur Plant. The 

purpose of the dissertation is to evaluate electrostatic 

ignition hazards and determine what precautions may be 

required to control a risk of electrostatic ignition. 

II. METHODOLOGY 

A common ignition source within Pharmaceutical plants is 

sparks resulting from static charge build up and sudden 

discharge. Static electricity is perhaps the most elusive of 

ignition sources. Despite considerable efforts, serious 

explosions and fires caused by static ignition continue to 

plague the chemical process industry. Electrostatic Charge 

Assessment shall be followed as: 

A. Step No-1 Hazard Identification: 

The first step for electrostatic hazard assessment is to 

identify the hazard. Which type of chemicals is being used 

in the facility, flammability properties of the particular 

chemicals?.  
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B. Step No-2 Charge Generation: 

The second step is to identify the source of generation from 

where it can be generated. 

1) Most common charging mechanism is contact (or tribo) 

charging. 

2) At least one of the materials must be non-conducting 

(insulating). 

3) Other mechanisms- charge sharing, induction charging 

(only for conductors). 

C. Step No-3 Charge Accumulation: 

1) There are four charge accumulation processes that are 

relevant to dangerous electrostatic discharges in a 

Pharmaceutical plants: 

2) Contact and frictional charging:  

3) Double-layer charging:  

4) Induction charging:  

5) Charging by transport:  

D. Step No-4 Electrostatic Discharge Calculation: 

Five types of industrial electrostatic discharges, as follows: 

1) Spark Discharge -Occurrence 

 Charged isolated conductor 

 Energy = 0.5 x C x V2 can be up to 100 mJ 

2) Brush Discharge-Occurrence 

 If charges of one polarity are distributed on the surface 

of an insulator, brush discharges can occur as soon as 

the surface of an earthed electrode nears the surface. 

 Energy Associated is 3-4mJ 

3) Propagating Brush Discharge -Occurrence 

 High charging situations on high resistivity materials. 

Insulator with metal close by. 

 Energy Associated is >1000 mJ 

4) Corona Discharge- Occurrence 

 highly charged conductor or insulator away from earth 

points 

 usually with a sharp point or edge 

 Energy 

 not established 

 very low, << 0.1 mJ 

5) Cone Discharge - Occurrence 

 These discharges are observed in connection with 

charged and highly insulating bulk solids filled into 

silos and containers; 

 Cone discharges aren't usually observed in dust 

volumes below 1 m3. 

 Luminous discharges may propagate along the surface 

of the powder heap 

 Energy 

 Up to ~25 mJ for fine powder 

6) LightningType Discharge – Occurrence 

 Lightning is a massive electrostatic discharge between 

electrically charged regions within clouds, or between a 

cloud and the Earth’s surface; 

 Occur in atmosphere with very large clouds compared 

to industrial plant. 

7) Electrostatic Discharge Calculation: 

𝑉𝑚𝑎𝑥 =  𝐼𝑅 

𝑉𝑚𝑎𝑥 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒𝑖𝑛𝑘𝑖𝑙𝑜𝑣𝑜𝑙𝑡𝑠. 

𝐼 =  𝐶𝑢𝑟𝑟𝑒𝑛𝑡𝑖𝑛𝑎𝑚𝑝𝑒𝑟𝑒𝐴 

𝑅 = 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑛𝑘𝑖𝑙𝑜𝑣𝑜𝑙𝑡𝑠. 

𝐸𝑚𝑎𝑥 =
1

2
𝑐𝑣2 

𝐸𝑚𝑎𝑥 = 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑛𝑚𝑖𝑙𝑙𝑖𝑗𝑜𝑢𝑙𝑒 

𝐶 =  𝐶𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒𝑜𝑓𝑜𝑗𝑒𝑐𝑡𝑖𝑛𝑝𝑖𝑐𝑜𝑓𝑎𝑟𝑎𝑑 

𝑣 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒𝑖𝑛𝑘𝑖𝑙𝑜𝑣𝑜𝑙𝑡𝑠 

Above formula for a capacitance-type discharge  

E. Step No-5 Recommendation: 

The availability of ventilation has an influence on the 

Recommendations will be based on good engineering 

practices like earthing bonding, ionizing and inclusion of 

basis of safety like inerting system etc.  

III. PLANT DESCRIPTION 

Electrostatic Hazard Assessment Study has been conducted 

for Symbiotec its Pithampur Plant. There are various 

department were studied some of them are from 

manufacturing and some of them are from warehouse. This 

Electrostatic Hazard Assessment Study is performed to 

consider where hazardous flammable liquid, combustible 

dust is handled. Following areas have been assessed. 

Underground/Above Ground Solvent Tank Farm 

Unit-01 Manufacturing  Plant 

Unit-06 Line-01 Manufacturing  Plant 

Unit-06 Line-02 Manufacturing  Plant 

Unit-06 Line-03 Manufacturing  Plant 

A. Underground/Above Ground Solvent Tank Farm 

Underground /above ground tank farm, stored highly 

flammable liquid. The main hazards from static electricity 

associated with tank farm operation, come out when low 

flash point and/or low conductive liquids are handled, 

because an ignition hazard occur when electricity charge is 

retained in the liquid, on underground conductive objects or 

personnel in the presence of a flammable atmosphere. 

Specifically, the electrostatic ignition hazard is associated 

with unloading of road tanker and sampling from road 

tanker where operators work close to flammable 

atmosphere. 

It is understood that the tanks and associated pipe 

work and fitting are bonded together and earthed with a 

resistance to earth should less than prescribed limit. 

Presently tank farm is provided with secure earthing and 

clamps. 

Unearthed operator involved in unloading can 

present an electrostatic ignition risk and therefore, he should 

be earthed with resistance to earth must be within prescribed 

limit using electrostatic dissipative footwear and flooring. 

Presently operator uses ordinary footwear including shoes, 

chappal or gumboots during unloading. It is necessary that 

all operator involved in solvent unloading operation should 

be provided with electrostatic dissipative safety shoes. The 

present flooring is soil can conduct static charges to earth. 

B. Manufacturing  Plant 

Manufacturing Plant where lot of flammable, toxic, 

corrosive and various hazardous chemical are used to 

prepare active pharmaceutical Ingredient. In unit 1 basically 

four types of operations are carried out that is charging, 

main reaction, Distillation, Filtration (Washing), Drying and 
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packing of finished goods. Charging operation is done 

manually by using powder transfer system. From PTS 

system solid raw materials are dispensed into the reaction 

vessel. Solvent charging is done through collection pot or 

through GLR reaction vessel by using hose connections. In 

unit-1 Hydrofluoric acid charging is taking place under 

vacuum and during charging condenser is blinded. 

All the receiver tanks are provided with proper 

bonding and grounding. Dip pipes are also provided for 

collection of sample into the receiver tanks from storage 

tank to avoid static charge generation due to free fall of 

solvent. 

IV. ELECTROSTATIC HAZARD ASSESSMENT  

Asphyxiation Hazard assessment has been performed for 

manufacturing Plant. 

A. Step-1- Hazard Identification: 

The first step for electrostatic hazard assessment is to 

identify the hazard. Following below chemicals are handled 

and used in Manufacturing Plant Unit-06 Line-01, 02, 03 & 

04.  

Sr. 

No. 
Material 

Flash 

Point 

(oC) 

Flammable 

Limits (%) 

Minimum 

Ignition 

Energy in Mili 

Joule 

 Methanol 11 6-36 0.14 

 Acetone -20 2.5-12.8 1.15 

 Toluene 4 1.1-7.1 0.24 

Table 4.1: Hazard Identification for Plant 

B. Step-2- Charge Generation: 

Following below sources of static electricity shall be 

measured in above mentioned area so that effective 

preventive measures can be recommended accordingly. 

Sr. 

No. 

Source of 

Generation 
Activity 

 Plant Personnel 

Movement of employee and 

their involvement for 

handling of flammable and 

combustible chemicals. 

 

Floor of Plant and 

Surrounding area of 

Plant equipment. 

Processing of API by using 

several of flammable and 

combustible chemicals. 

 
Personnel Protective 

Equipment. 
PPE worn by Employees 

 Poly Bags. 
Storing of Intermediates and 

Finished Goods 

 Plant Equipment. 

Processing of API by using 

several of flammable and 

combustible chemicals. 

Table 4.2: Electrostatic Charge Generation for 

C. Step-3- Charge Accumulation: 

For plant There is possibility to have accumulation processes that are relevant to dangerous electrostatic discharges in a 

Pharmaceutical plants: 

Following below example for accumulation of Electrostatic charge.  

Sr. 

No. 
Source of Generation Activity Charge Accumulation 

 Plant Personnel 
Movement of employee and their involvement for 

handling of flammable and combustible chemicals. 
Footwear 

 
Floor of Plant and Surrounding 

area of Plant equipment. 

Processing of API by using several of flammable 

and combustible chemicals. 
Plant Flooring 

 
Personnel Protective 

Equipment. 
PPE worn by Employees 

Hand Gloves, Protective 

Suit, Apron, 

 Poly Bags. 
Storing of Intermediates and Finished Goods 

 

Poly Bag Capacity 5 Kg & 

50 Kg 

 Plant Equipment. 
Processing of API by using several of flammable 

and combustible chemicals. 

Reactor, Receiver, Flanges, 

Dryer & Centrifuge 

Table 4.3: Electrostatic Charge Accumulation for Plant 

D. Step-4- Electrostatic Discharge Calculation: 

Electrostatic Discharge Calculation for Unit-06 for various 

source of generation. 

1) Electrostatic Discharge Calculation for Plant 

Personnel- 

Personnel working in the plant can generate electrostatic 

charges on their body by walking, participating in various 

manufacturing operation or working near highly charge 

items. If the person is not connected to earth, during normal 

activity the charge could develop to hazardous level. For 

this reason many companies that handle flammable have a 

policy to all those operator who may be exposed to 

flammable atmosphere. A Random sample of footwear was 

checked using insulation tester and special hand electrode 

assembly to establish operator’s resistance to earth. 

Electrostatic discharge shall be measured in milli joule if it 

is found less than the MIE of lowest consumable solvent 

then there will not be any issue but if it is higher than the 

MIE then effective control measures needs to be taken 

immediately. Calculation for electrostatic discharge shall be 

calculated: 

𝑉𝑚𝑎𝑥 =  𝐼𝑅 

𝑉𝑚𝑎𝑥 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑖𝑛 𝑘𝑖𝑙𝑜 𝑣𝑜𝑙𝑡𝑠. 

𝐼 =  𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑖𝑛 𝑎𝑚𝑝𝑒𝑟𝑒 𝐴 

𝑅 = 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑖𝑛 𝑘𝑖𝑙𝑜 𝑣𝑜𝑙𝑡𝑠. 

During measure resistance was found 

R = 4.75 MΩ  = 4.75 x 106 Ω   

 Based on ohm law we can find out Vmax 

In industrial operation I does not exceeds 10-6 A 

Then 

𝑉𝑚𝑎𝑥 = 10−6  × 4.75 × 106 

𝑉𝑚𝑎𝑥 = 4.75  𝑉𝑜𝑙𝑡𝑠 
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After that  

𝐸𝑚𝑎𝑥 =
1

2
𝑐𝑣2 

𝐸𝑚𝑎𝑥 = 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝐸𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑚𝑖𝑙𝑙𝑖 𝑗𝑜𝑢𝑙𝑒 

𝐶 =  𝐶𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑜𝑗𝑒𝑐𝑡 𝑖𝑛 𝑝𝑖𝑐𝑜𝑓𝑎𝑟𝑎𝑑 

𝑣 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑖𝑛 𝑘𝑖𝑙𝑜 𝑣𝑜𝑙𝑡𝑠 

𝐶 =  𝑇ℎ𝑒 𝐶𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 ℎ𝑢𝑚𝑎𝑛 𝑏𝑜𝑑𝑦 𝑔𝑒𝑛𝑟𝑎𝑙𝑙𝑦  
𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 200 𝑥 10−12 

Then 

𝐸𝑚𝑎𝑥 =
1

2
𝑐𝑣2 

𝐸𝑚𝑎𝑥 =
1

2
× 200 × 10−12 × (4.75)2 

𝐸𝑚𝑎𝑥 = 100 × 10−12 × (4.75)2 

𝐸𝑚𝑎𝑥 = 22.56 × 10−10 

𝐸𝑚𝑎𝑥 = 2.256 × 10−9 

Note:-1 𝑚𝑗 = 1 × 103 

𝐸𝑚𝑎𝑥 = 2.256 × 10−6 𝑚𝑗 

This is significantly lower than the energy required 

to ignite a flammable liquid (Methanol MIE- 0.14 mj); 

therefore there is no hazard  

E. Step-6 Recommendations:  

Results for electrostatic charge have been analyzed for all 

the departments and its recommended limits were also 

verified. 

1) Electrostatic Hazard Result for Plant Personnel 

Sr. 

N

o. 

Name 

of 

Employ

ee 

Departm

ent 

Result- 

Avg. 

Resista

nce to 

Earth 

Remark

s 

Recomm

ended 

Limit 

 XYZ Plant 
4.65 

MΩ 

Properly 

Earthed 

105Ω- 

108Ω 

Table 6.1: Electrostatic Hazard Result for Plant Personnel 

2) Electrostatic Hazard Result for Flooring in Plant 

Sr. 

No. 
Name of Equipment Department 

Result- Avg. 

Resistance to Earth 
Remarks 

Recommended 

Limit 

 
CF-02 area (Epoxy 

Coated) 
Unit-01 10 GΩ 

Floor resistance is found to be 

greater than range 
106Ω- 108Ω 

Table 6.2: Electrostatic Hazard Result for Flooring in Plant 

3) Electrostatic Hazard Result for Plant Equipment 

Sr. No. Name of Equipment Department Result- Avg. Resistance to Earth Remarks Limit 

 SSR-01 Unit-01 0 MΩ Properly Earthed 10 Ω 

Table 6.3: Electrostatic Hazard Result for Plant Equipment 

4) Electrostatic Hazard Result for PPE and Poly Bags 

Sr. 

No. 

Name of PPE or 

Material 
Department 

Result- Avg. Resistance 

to Earth 
Remarks Limit 

 
Orange Hand 

Gloves 
Unit-01 >100 GΩ 

Orange Hand Gloves is not antistatic 

/static dissipative type. 
<1011Ω 

 
50 kg Polythene 

Bag 
Warehouse >100 GΩ 

50 kg Polythene Bag is not antistatic 

/static dissipative type. 
011Ω 

Table 6.4: Electrostatic Hazard Result for PPE and Poly Bags 

V. CONCLUSION 

This paper presents useful information about Electrostatic 

Hazard Assessment. A single spark can easily destroy the 

entire plant. API manufacture plant consumes lot of highly 

flammable liquid and has greater risk of fire and explosion. 

Static charge now has become the most favorable causes for 

occurring a fire or explosion in API industry. This 

dissertation systematically examined and quantitatively 

assessed electrostatic hazard for various process operation. 

In this dissertation is has been assessed that how 

electrostatic charged is generated, accumulated and how 

much energy is released during charge transfer and how 

could be its impact than after what effective control 

measures can help to minimize the risk of electrostatic 

charge. Field measurement and walk though survey also 

imparted to get the correct information about the static 

charge. This report will help to the organization and similar 

API pharma organization to assess electrostatic hazard 

assessment and preventive measure to reduce its venerable 

risk.  
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