
Safety Performance of Indian 
Fertilizer Plants from 2010 to 2015 

 
India is operating a large number of ammonia, urea and complex fertilizer plants. The latest safety 

survey of Indian fertilizer plants was carried out for five years period of 2010-15. Almost all 
ammonia-urea and complex fertilizer plants representing 93% of production participated in the 
survey. An average of 150 million man-hours per year were employed in these plants. The paper 
reports  here loss time injury rate, severity rate (man-hours lost), longest accident free period and 

analysis of causes of incidents. Analysis of some specific incidents in ammonia and urea plants are 
also included. The data show that there has been reduction in loss time injury and severity rates from 
past survey periods. However, there were large numbers of avoidable incidents caused mainly due to 
human negligence. An average of 0.2% man hours were lost due to human injuries in the five year 

survey period.  Analysis of data clearly brings out the need for emphasis on behavioral aspect of 
occupational safety. 

 
Sachchida Nand 

Fertiliser Association of India 

Manish Goswami 
Fertiliser Association of India 

1. Introduction  
Safety of plant personnel, assets and 
environment remains a paramount concern in 
chemical process industries.  Fertiliser 
Association of India (FAI) monitors 
performance of Indian fertilizer plants in respect 
of various parameters viz. energy consumption, 
CO2 generation, forced downtime, safety and 
environment. A number of presentations have 
been made in the AIChE Ammonia Safety 
Symposium in past (1-5).  FAI has been 
carrying out safety surveys every five years 
period since 1985.  Analysis of past surveys 
showed that most accidents happened due to 
deviant human behaviour.  The latest survey, 
sixth in series, was carried out for the five year 
period of 2010-15.    

 

2. Sample Characteristics 
The present survey was carried for fertilizer 
plants at 32 locations which included integrated 
ammonia-urea plants, integrated ammonia-urea 
and complex fertilizer plants and complex 
fertilizer plants (Table 1). These plants 
accounted for about 98% of urea production and 
83% of complex fertilizer production during the 
five year period.  The average manpower of 
about 63,000 personnel was deployed per year 
at these 32 locations.  The manpower included 
both regular employees as well as contract 
workers.  On an average about 150 million man-
hours were employed per annum. Year wise 
data includes fertilizer year from April to 
March. The manpower employed were higher 
for years 2011-12 and 2012-13 due to revamp 
projects in a number of ammonia-urea plants 
including feedstock change (Table 2).  One of 
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the plants included in survey started operation in 
the year 2011-12 after remaining closed for few 
years.  This is reflected in the lowest manpower 
employed in the year 2010-11. 

Table 1. Sample Characteristics  

 

3. Safety Indices 
In this study, loss time injury rate, severity rate 
and fatal accident frequency rate have been 
calculated and compared with the previous 
surveys.   

3.1.Loss Time Injury Rate  

The loss time injury rate (LTIR) has been 
defined as the number of injuries per million 
man-hour worked. An injury has been defined 
as an accident that causes 24 hours absence of a 
person from the work and also includes fatal 
injuries. Year-wise LTIR rates for the period 
2010-15 are given in Table 2.  

The total number of injuries was 275 in 2010-15 
which is almost 24% lower than 362 injuries 
recorded in the previous period of 2005-10. The 
highest number of injuries were observed in 
2011-12 which stood at 71 with loss time injury 
rate of 0.44.  As mentioned earlier, seven plants 
had undertaken major revamp activities during 
the year.  Of these, two plants have reported nil 
injury and four other plants reported one injury 

each during 2011-12.  The average LTIR for 
five year period was 0.36.  This is lower than 
the previous survey period of 2005-2010 which 
recorded LTIR of 0.59.   

Table 2. Loss Time Injury Rate  

Year Million 
Man-
hours  

worked 

Total no. of  
reportable 

injuries 

LTIR 

2010-11 141 58 0.41 
2011-12 162 71 0.44 
2012-13 160 48 0.30 
2013-14 148 55 0.37 
2014-15 145 43 0.30 
Average 151.2 55 0.36 

LTIR  =  No. of reportable injuries  
Million man hours worked 
 

Figure 1 presents the average incidence rates of 
4 quartiles of fertilizer plants during the survey 
period.  The graph shows that the best 25% of 
the plants had LTIR as low as 0.04 while the last 
25% had LTIR of 0.89. Nineteen plants were 
below the average LTIR of 0.36.  Sites where 
NP/NPK plants are located have more incidents 
due to activity of material handling by contract 
labours. A survey by International Fertilizer 
Association (IFA) of world fertilizer plants for 
2011-2013 reported loss time injury rates of 
2.49, 1.89 and 1.81 for the years 2011, 2012, 
and 2013 respectively. 
 

Figure 1. Quartiles of LTIR of Fertilizer Plants 

  

Sl. 
No. 

Type of Plants Plants Locations 

 

Integrated 
Ammonia-Urea 
Plants 

28 17 

 

Integrated  
Ammonia Urea  
and Complex 
Fertilizer  
Plants 

7 6 

 
Complex 
Fertilizer Plants 9 9 

  44 32 
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3.2.Severity rate 

The severity rate has been calculated as million 
man-hour lost as the per cent of million man 
hour worked.  The severity rates for the period 
are summarized in Table 3.  

Severity rate was the highest during 2012-13, 
although LTIR was the highest during 2011-12. 
The highest severity rate was due to several 
fatalities during 2012-13.   The lowest overall 
severity rate of 0.08 was in 2014-15. This was 
due to lowest number of fatal injuries in the 
year.  The average severity rate for the entire 
period was 0.19 which is half of the severity rate 
of 0.38 for previous survey period of 2005-10. It 
means that less than 0.2% man-hours were lost 
due to work related injuries.  

Table 3. Severity Rate  

Year Million 
Man 
hours 

worked 

Million 
Man 
hours 
lost 

Severity 
Rate 

2010-11 141 0.26 0.18 
2011-12 162 0.35 0.22 
2012-13 160 0.50 0.31 
2013-14 148 0.26 0.18 
2014-15 145 0.11 0.08 
Average 151.2    0.19 

 
Severity  = Millon man-hour lost due to reportable injuries X 100 
rate  Million man-hour worked 

 

3.3.Fatal Accident Frequency Rate  

Fatal accident frequency rate (FAFR) defined as 
the number of casualties expected in a group of 
1000 employees during their working life i.e. 
1000 X 40 years X 52 weeks X 48 hours). There 
were 29 fatal injuries during five year period 
with an average FAFR of 3.76. It means that 4 
employees are likely to die due to work related 
injuries in 40 years at a site employing 1000 
persons.    

 

3.4. Trends in LTIR and Severity Rate  

Figure 2 shows trends in the value of two 
indices since year 2005-06.  Information for 
2015-16 has been drawn from the entries for 
FAI Safety Performance Award wherein 31 
fertilizer units employing a total of 128 million 
man-hours had participated. There is continuous 
reduction in frequency and severity of injuries 
over last 11 years.  

 
Figure 2. Trends in LTI and Severity Rates in  
Indian Fertilizer Plants 

4. Injury Free Period 
Table 4 gives the data on longest run of the 
plant without any reportable injury for last four 
survey periods.  The average longest run for this 
survey period was the longest at 847 days 
amongst the four surveys since 1995. The 
reportable injury free days have been calculated 
only for the five-year period and continued 
injury free days beyond the survey period have 
been excluded.  

Table 4. Injury free days in various surveys 

Survey 
period 

2010-
15 

2005-
10 

2000-
2005 

1995-
2000 

Reportable 
Injury Free 
Days 

847 835 657 459 
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Table 5 presents the number of plants and the 
longest injury free operating days. There were 
three plants which operated for more than 4 
years without any reportable injury. Seven 
plants operated for more than 3 years, 8 plants 
operated for more than 2 years and another 9 
plants operated for more than a year without any 
reportable injury.  

Table 5. Injury Free Operation 

Accident free operation No. of Plants 
less than 1 year 5 
more than 1 year to 2 years 9 
more than 2 years to 3 years 8 
more than 3 years to 4 years 7 
more than 4 years 3 
 Total  32 

 

5. Analysis of Injuries  
Data analysed for reportable injuries were to 
identify the accident prone areas as well as 
causes of these accidents.    

5.1. Area wise 

Table 6 presents the area wise classification of 
injuries.  It may be observed that 
utilities/offsites, material handling/bagging and 
NP/NPK complex fertilizer plants were the top 
three injury prone areas accounting for almost 
38% of all injuries.  The utilities/offsites areas 
where incidents happened include cooling 
tower, boiler, ammonia loading system, de-
mineralization (DM) water treatment plant and 
hot air generation plant.   The causes were 
reported as slip and fall, non-use of protective 
equipment, acid burn while diluting acid in DM 
water treatment plant and exposure to ammonia 
at ammonia handling station and fire during coal 
handling in hot air generation plant.  In material 
handling/bagging and NP/NPK complex plants 
large number of activities are carried out 
manually, thus, making these areas more prone 
to injuries.  The reasons cited for injuries in 

these areas were mainly fall and slip, fall of 
bags, entanglement with conveyor, etc.  

Ammonia plants accounted for 29 injuries 
during the five-year period.  The reasons for 
injuries included a fire in desulphuriser section 
in one of the plants, burn injury during 
relighting a burner in air preheater using LPG 
torch, burning from hot water/steam from drain 
valve or trench and improper use of tools. There 
were 24 injuries in urea plants including those 
due to condensate splash while removing the 
cover of the bottom of stripper, ammonia splash 
from an ammonia drain line, hit by a scrapper 
while cleaning prilling tower, etc.  Road/rail 
truck accounted for 24 injuries. A significant 
number of injuries were also reported in 
electrical facilities. Twenty six injuries have 
been reported in miscellaneous areas which 
included ammonium sulphate plant, canteen, 
toilets and other areas that were not clearly 
identified and reported by the plants.  

6. Causes of Injuries  
Figure 3 gives the main reasons for various 
accidents during the survey period.  Burns due 
to hot condensate/steam/chemical/hot water, fall 
from heights and slip and fall were the top three 
reasons for the injuries, accounting for 45.5 per 
cent of all injuries. Improper use of tools and 
tackles and electrocution were another reasons 
for a number of fatal accidents. Road accidents 
due to vehicle slip, collision with trucks while 
moving backward, hit with hydra cranes from 
behind, etc. also contributed to 18 injuries 
during the survey period. Entanglement with 
moving machines and conveyors resulted in 14 
injuries. Collapse of goods, fall of 
bag/equipment and fire also accounted for 4% 
each of the total injuries.   

Explosion in two plants in 2013-14 resulted in 7 
injuries.  One of the explosions took place in an 
evaporator in an ammonium sulphate plant and 
caused injuries to 5 persons.  In another 
incident, the explosion occurred in oleum 
storage tank causing injuries to two persons.  
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The accident occurred during pin-hole leak 
welding of the roof of the oleum storage tank 
storing concentrated sulphuric acid. There was 
an explosion and the eastern side roof of the 
tank got ripped off. In both the cases, there were 
no causalities but there was damage to the plant.  
These accidents, however, had the potential to 
cause much more damage to life and property.   

It can be seen that many of these accidents 
occurred due to human error, non-adherence to  

safety procedures and not wearing personal 
protective equipment. These causes have also 
been dominant in the analysis of earlier periods.  

 

Table 6. Area wise summary of Accidents 

Sl. 
NO. 

Areas 2010-11 2011-12 2012-13 2013-14 2014-15 2010-15 

1 Utilities/ offsites / ETP 7 8 10 5 6 36 
2 Material handling/ Bagging 6 8 10 7 4 35 
3 NP/NPK complex 5 14 6 6 3 34 
4 Ammonia 7 8 5 6 3 29 
5 Urea 1 8 0 10 5 24 
6 roads/rail track 4 4 5 6 5 24 
7 Electrical area 8 3 4 3 3 21 
8 Stores/yard 4 0 1 2 4 11 
9 Workshop 3 1 3 1 1 9 

10 Godown/ warehouse/silo 4 2 0 1 1 8 
11 Sulphuric acid 0 3 0 0 3 6 
12 Phosphoric acid 0 2 1 1 2 6 
13 Nitric acid 2 2 0 0 0 4 
14 Garage/locomotive shed 0 0 0 0 1 1 
15 Laboratory 1 0 0 0 0 1 
16 Others 6 8 3 7 2 26 

 Total 58 71 48 55 43 275 
 

 

 

 

 

 

 

 

 

Figure 3. Cause Wise Accidents in Fertilizer Plants 
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6.1. Incidents with multiple injuries 

Most of the incidents have resulted in the injury 
to a single person. However, there were some 
incidents which led to multiple injuries. 
Electrocution was the most frequent reason for 
multiple injuries and reported by four plants.  

Fire caused multiple injuries in 3 plants.  The 
collapse of structure in one plant resulted 
injuries to 11 persons. Burn with acid or hot 
condensate or steam occurred in four plants 
causing injury to more than one person.  Table 
7 presents brief account of injuries in ammonia 
and urea plants. 

Table 7. Incidents with multiple injuries 

Cause of 
Injury 

No of 
persons 
injured 

Plant Area Brief account of incidents 

Electric 
flash 

2 Ammonia 
handling 

While checking the supply of main cooler, one of the phases 
earthed and flashed occurred.  

Electric 
flash 

2 Urea plant 
substation 

Technician and helper checked terminals of 11 MP 1 B motor 
at field which was isolated. Then came to 3.3 KV substation 
and by mistake opened rear panel of 31MP1B which was live, 
for feeder maintenance causing electrical flashover and burn 
injury. 

Fire 4  
(including 

1 fatal) 

De-
sulphuriser 
section  

Activated carbon bed had adsorbed the hydrocarbons as per 
its normal property. These hydrocarbons gradually got 
released in presence of air, steam or nitrogen.  There were 
hydrocarbons present in the vessel along with air. The 
incident of fire shows that explosive mixture was already 
present in the vessel and explosive mixture got ignited due to 
spark during the course of checking the level of activated 
carbon bed.  

Ammonia 
gas leakage 

4 Urea plant Ammonia gas leakage from the flange of newly installed 
ammonia pre-heater due to failure of gasket during start-up. 
Four workers in the nearby area got exposed to the ammonia 
vapours.  

Condensate 
Splash 

5 Urea plant Stripper bottom manhole removal work was being carried out. 
While removing the cover unexpected pocket of condensate 
suddenly splashed out from the cover and caused hot water 
burn injuries.  

Hot 
condensate 
splash 

2 Ammonia 
plant 

While taking vacuum system steam ejector in line, hot 
condensate vented out and splashed on two persons 

Fall from 
height 

2 Ammonia 
plant 

On completion of maintenance job at LT Guard vessel, the 
blind was being removed. While removing the blind from 
flange, some amount of entrapped steam came out of the 
flange. Two workers (who had crossed the platform railing to 
open one of the bolts) got scared and jumped down from the 
3.5 m elevated platform and got injured. 

 

 

102 2017AMMONIA TECHNICAL MANUAL



7. Analysis of fatal injuries 
Twenty nine casualties in the five year 
period remains cause of worry.  All these 
fatalities were avoidable.  Table 8 gives the 
causes of various fatal injuries. The fall from 
height and slip and fall continued to be the 
top most cause of the fatal accidents as in 
the previous survey.   These accidents are 
completely avoidable if proper care is taken 
while working at height including ensuring 
integrity of platforms and ladders and use of 
personal protective equipment.  A number of 
incidents were reported due to electrocution 
and three of them turned to be fatal. 
Therefore, there is a need to focus on safety 
while working in electrical areas.  Fatalities 
due to road or moving vehicle could be 
easily avoided by following traffic rules. 
Other reasons for fatal accidents were splash 
of hot condensate /steam, chemical burn, 
fire, entanglement with moving equipment 
and improper use of tools and tackles.  

Table 8. Cause Wise Fatal Accidents 
(2010-15) 

Cause of Casualties  Number of 
Casualties 

Slip and fall/ fall from Height 14 
Road/Rail/Moving Vehicle 4 
Electric Burn / Electrocution 3 
miscellaneous 3 
Hot Condensate / Steam / 
Chemical Burn / Hot water 2 
Fire 1 
Entanglement with Moving 
Equipment 1 
Improper Tools and Tackles  1 

Total 29 
 

8. Learning from the Incidents  
All plants carried out detailed analysis of 
accidents and suggestions were implemented 

so that such accidents may be avoided in 
future.  Some of the learnings from the 
incidents are given below: 

• In case of electrical flash over, basic 
procedures /interlocks provided by OEM 
should not be bypassed under any 
circumstances. In the main substation, each 
panel door should be provided with caution 
board /sticker. Safe operating procedures to 
be reviewed and displayed on substation. 
Earth Leak Circuit Breaker (ELCB) should 
be provided with all temporary electrical 
connections.   

• Use of adequate personal protective 
equipment (PPE) such as faced hood/shield, 
Rubber Hand gloves for electric jobs/leather 
hand gloves and full body suit/leather apron 
must be used. PPE use to be ensured while 
working with hazardous chemicals or in 
environment with possibility of exposure to 
ammonia, chlorine, etc.  

• Vessel entry procedures to be followed 
properly. The opening of cover of vessels 
containing hot condensate/chemicals to be 
carried out after ensuring that vessel is 
completely drained.  Work permit to be 
issued by competent authority. These works 
should be performed under the supervision 
of experienced manpower.   

• Cooling of activated carbon bed should 
be carried out with inert gas. Vessel entry 
procedures to be followed.  

• Non-sparking tools and tackles should be 
used while handling coal, sulphur, or 
materials prone to fire.  Explosion proof 
hand lamp to be used in fire prone areas. 
Use of cell phones should be avoided inside 
plant.  

• Sulphur handling area to have water jet 
provisions and workers to wear fire resistant 
suit.  
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• To avoid leakages, proper clamping of 
all hazardous material hoses on the nipples 
should be ensured.  

• The plant area under maintenance or 
start-up should be properly cordoned off.  

• Working on moving machineries should 
be avoided.  

• Housekeeping needs to be of high order 
particularly in material handling plants. Slip 
and fall due to objects lying on the floor can 
be avoided with good housekeeping.  

• Fall from height one of the common 
reasons for accidents.  In some cases, it was 
observed that welding joint of the platform 
gave away leading to fall of the person.  
Proper inspection of platforms should be 
ensured with regular checking schedule.  
Proper cross support and welding with 
adjoining platform to be maintained as per 
engineering standards.  Painting should be 
applied to all old platforms for control of 
corrosion.   

• Wearing of Personal Protective 
Equipment (PPE) can reduce the impact and 
severity of fall.  Safety belts and setting up 
safety nets should be ensured while working 
on heights.  

• Procedure for manual work to be 
reviewed periodically. In case a contractor 
erects its own scaffolding, it should get 
checked and approved by concerned 
maintenance engineer.   

• Refresher training programmes for all 
electrical staff and training on behaviour 
aspect of safety should be conducted on 
regular basis.  

 

 

9. Safety Management Systems 
and Training  

The Occupational Health and Safety 
Systems (OHSAS) 18001 have been 
implemented by 25 plants. Ten plants have 
also adopted process safety management 
system. Some of these have received five 
star rating by British Safety Council and 
won sword of honours number of times.   

Identification of near miss plays an 
important role in preventing a potential 
accident.  A number of plants are 
identifying, reporting and analysing near 
miss incidents.  Out of 32 fertilizer plants, 
25 have reported near miss incidents in the 
survey.  Online reporting and analysis of 
near miss incidents have been initiated by 
some plants.  To encourage reporting of near 
miss, the plant management have 
incentivised the near miss reporting by 
giving cash benefits and rewards.   

The analysis has clearly brought out that the 
causes of most of the accidents were human 
error. This necessitate that the plants should 
emphasise on behaviour aspect of safety.  
Most plants have initiated actions for 
Behaviour Based Safety (BBS).  A number 
of plants included the elements of 
behavioural safety in the existing safety 
management system and organise training 
programmes specifically on BBS.  There has 
been continuous increase in the number of 
training hour per million man hour spent on 
training.  

One of the plants that implemented the BBS 
system in December 2010 observed that key 
reason for unsafe behaviour was to save time 
and efforts to adopt short cuts.   The 
implementation of BBS provided employees 
a better approach with focus on active caring 
and safety of each other.  The plant has 
reported that after implementation of BBS, 
at-risk behaviour of employees has come 
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down and there is reduction in frequency 
and severity rates of accidents. 

10. Role of FAI in Improving 
Workplace Safety 
In addition to organising training programs 
and discussion on safety related topics, FAI 
had instituted a yearly award for achieving 
excellence in safety performance.  The 
evaluation criteria include quantitative 
parameters like LTIR, Severity rate, accident 
free period and large number of qualitative 
parameters. Table 9 shows parameters in 
brief for evaluation of safety performance. A 
fertilizer site is disqualified if there is any 
fatal injury.     

11. Conclusion 
The safety analysis for the period 2010-2015 
showed a marked improvement in LTIR, 
severity rate and longest accident free period 
over all the previous surveys.  The LTIR 
was 0.36 in 2010-15 which was lower from 
0.59 in 2005-10.  There was 50% reduction 
in severity rate from the previous survey 
period.  There is also increase in reportable 
injury free operating days.    

Ammonia and urea plants accounted for 
about 19% of the total reportable injuries. 
Offsite and utilities, material handling, 
bagging and complex fertilizer plants were 
the most accident prone areas.  Burn due to 
hot condensate, water or steam and fall from 
height/ slip and fall were the causes of 
majority of injuries. The causes of injuries 
pointed out need to focus on behavioural 
aspects of safety.  Plant management are 
working on this aspect and have included 
behaviour based safety as part of their safety 
management system.  There has also been 
emphasis on training of regular and 
contractual workers.  With sharp focus on 
safety management system, there is scope 

for further reduction in number of injuries 
and altogether avoiding fatality.  

FAI continues to encourage its members to 
make efforts for achieving the highest 
standards of safe operation of plants. 
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Table 10. Evaluation Criteria for FAI Award for Excellence in Safety  

  
Sl. 
No. 

Particulars 

  PART "A" (60% weightage) 
A.  Safety Indices 
1 Incidence Rate (IR) 
2 Severity Rate (SR) 
3 Any fatalities in last three years 
4 Longest Accident Free Period (Days) during last three years 
  PART "B" (25% weightage) 

 B. Safety Systems and Level of  Compliance 
5 Frequency of Safety Audit-In-house/External Agency and level of compliance  
5 Emergency plan—Onsite /Off site/Mutual Aid Scheme 
7 Frequency of Mock Drills for fire and Toxic gases-report preparation, review and level 

of compliance 
8  HAZOP analysis of Critical Equipment/Areas-System/procedure in place and level of 

compliance 
9 Near miss incidents-system of reporting/recording, near miss analysis  and level of 

compliance   
10 Updating  safety  and operating manuals / procedures-Periodicity of updation and level 

of compliance 
11 Number of Qualified Persons in Safety Department per million man hours worked 
  PART "C" (15% Weightage) 

 C. Awareness, Promotion and Recognition  
12 Safety policy –Formulation, its propagation and compliance at shop floor level 
13 Safety Initiatives-Safety Management System like OHSAS 18001/British Safety 

council/etc.  
14 Manpower Training on safety ( last three years for Company Employees and Contract 

Staff) 
15 Motivational measures for safe practices like Housekeeping competition/Suggestion 

Schemes/ Awards scheme +poem/slogan competition, writing articles etc. 
16 Any litigation / complaint against the plant 
17 International /National Safety Awards/State Government Awards/ Recognized 

Institutions like FAI, etc. 
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