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Abstract

The flagship product at TCL Haldia, DAP, was facing margin pressures. Also, the soil and farmers here demanded a
fertiliser with significant sulphur content. After scanning potential products, team at TCL Haldia narrowed down on
NP 20:20:0:13 which not only was meeting farmer requirement of higher sulphur, but also optimizing the Haldia site’s
captive resources utilization like Phosphoric acid and Sulphuric acid plant and thus generated higher contribution.

TCL Haldia has developed NP 20:20 in existing DAP manufacturing facilities using pressure reactor system and
without any investment and engaging any professional consultants.

Successful innovative solutions were developed through benchmarking, brainstorming and were executed after
laboratory and plant trials. A new product variant, NP 20:20 has been successfully developed, introduced in the
market through product launch on 2™ August 2014 and established as the most preferred choice of farmers with

market share more than 50%.

The article describes the efforts of TCL Haldia in modifying the production process designed for DAP production to

manufacture NP20:20.
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1. Introduction

Tata Chemicals serves a diverse
set of customers with interest that
focus on LIFE (Living, Industrial
and Farm Essential) for the crop
nutrition and crop protection. In
2014-15, growth strategy has been
reviewed and is communicated
across the Enterprise as LEAP
(Lead, Engage, Aspire and
Perform), Transformation of LIFE
through LEAP. Keeping in view the
core values and desired values
required to address the major
customer segment aligned to TCL
Mission “Serving  Society through
Science”. TCL-Haldia is
embarking on a journey of
growth. A Journey that will build
on what we  have already
achieved over last few years
through an initiative SRESHTO
(Securing Reliability of
Equipment and Structure at
Haldia through Team work and
Obsession)  what is again
validated by “Human Touch of
Chemistry embedded in our
DNA.

bdatta@tatachemicals.com

2. Production Process

At TCL Haldia there are two
trains  for manufacturing
sulphuric acid, one phosphoric
acid and two trains for
manufacturing DAP & NPKs.
Haldias" 1% complex fertiliser plant
was originally designed in 1985
for DAP production capacity of 27
MTPH with unique pressure
reactor system instead of
conventional atmospheric reactor
with pumping system in all other
fertiliser plants in India. The
present capacity is 40 MTPH of
DAP. The 2" train was designed
with production capacity of 60
MTPH of NPK complex fertilisers.
Its present capacity has been
increased to 80 MTPH.

The production process for DAP is
shown in Figure 1.

3. Selection of NP20:20

3.1 Need for S Containing
Fertilisers

Eastern region soil is having
sulphur deficiency and most
phosphatic fertilisers (like DAP,

NPK 10, NPK 12) did not contain
sulphur. N P (20:20:0:13) has 13%
sulphur and while its demand
was on the increase in other
regions, it was not widely
available in the East. Figure 2
shows the percentage share of
sales of NP/NPK fertilisers in
East v/s Rest of India (ROI ).

3.2 Innovation Journey - Project
HIT (Haldia innovates to
transform)

Tata Chemicals Limited initiated
the task of identifying future
product opportunities for the
phosphatic business, considering
farmer’s requirements, likely
contribution margin, production
feasibility, etc.

Initial desk research was carried
out to shortlist products, based on
following criteria:

i. NP/NPKS products that are
sold in Eastern India which
TCL-Haldia does not make.

ii. NP/NPKS products that are
sold in rest of India which are
not sold in east.
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Figure 1. Diagram for DAP production process

iii. NP/NPKS products those are
approved under FCO, but not
sold anywhere in India.

iv. Prepare product-wise profit

and losses (P&Ls) for each of the

shortlisted products.

v. Undertake Ilaboratory and
production trials to explore
production feasibility study &
risks assessment.

Discuss with sales team to
arrive at the final choice of
products.

vi.

The following products were
short listed based on the
above criteria developed in HIT
project.

a. NPS 20:20:13
b. NPK 15:15:15
c. NPK 19:19:19
d. NP 28:28

Team has done pre-work in details
before taking laboratory and plant
trials with respect to key risks
involved and  its way of
mitigation.

3.3 Why NP 20:20

The TCL selected the NP20:20 due
to following reasons:

i. Customers (soil and the
farmers) seem to demand a
fertiliser like NP 20:20:0:13.

ii. Haldia’s profitability depends
on the ability to utilize the
captive assets and NP 20:20
can utilize the captive assets
of Haldia (PAP & SAP plants)
effectively.

100% -

NP 20:20

Sales in "East" vs "ROI"

NPK 10

NP 28:28

M East WROI

Figure 2. Percentage share of sales of NP/NPK fertilisers in East V/s ROI

NPK 15:15:15
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Table 1. SOP for plant trial

Parameters Operating range Frequency
Reactor Pressure 1 kg/cm? Online
Reactor Temperature 135-137 °C Online
N/P 1.0-1.1 Once a shift
pH 44 t0 5.3 Hourly
Ammonia to reactor 6 m*/hr Online
Ammonia to granulator 3.2 m*hr Online
Phosphoric acid flow 4 m?/hr Online
Weak acid 4.45 m3/hr (30%)

Sulphuricacid flow 5.9 m*/hr Online
Water flow 11.5 m%hr Online

The indigenous phosphoric acid is
produced at a lower concentration
which can be used to
manufacture only certain
products with low P,O, content.
The cost of indigenous
phosphoric acid was almost Rs.
12000 per MT lower than
imported acid. In  case of
sulphuric acid, the indigenously
produced acid was cheaper by
Rs. 4000 per MT. Both phosphoric
acid plant (PAP) and sulphuric
acid plant (SAP) were not being
utilized fully since closure of STPP
plant. Products like DAP or NPK

20:20 promised much higher
contribution than DAP,

4. Development of Process for
Production of NP20:20

4.1 Laboratory and Plant trials for
Feasibility Study:

Process safety, risk assessment
and Hazard and Operability
(HAZOP) study and Failure Mode
and Effect Analysis (FMEA) were
carried out before taking the
plant trial run. Standard
operating parameters (SOP) were

10 or NPK 12 cannot take as much developed during and after
of Phosphoric acid and Sulphuric laboratory  trials.  Standard
acid. Considering the cost operating parameters (SOP)
benefits, the production of NP

Table 2. Check list for reactor batch preparation

Batch Preparation Calculation

1. Adjust the pressure neutralizer
Reactor (PNR) pH to 5.5 of the
existing ammonium phosphate
slurry & maintain level at just
top spray only.

2. Calculate the content and feed
NH, & Sulphuric acid
simultaneously as per calculation.

3. Maintain PNR temperature at
130-135 °C by adding water.

4. Once the calculated quantities
are fed completely, send sample
for analysis.

5. Adjustas per requirement of N/P,
pH, composition.

1. 13 M? of AP slurry=13*1.55 = 20.15

2. S0, 57% of AS slurry will be

3. In 20.15 MT AP slurry,

4. So,AS to be produced = 26.71-

5. So NH, required=24.71*34/

6. So H,S0, required=9.64 M?

MT which is 43% of total
AP+AS slurry

20.15/43*57 = 26.71 MT

AS already present = 20.51%0.1 =

2.05 MT

2.05=24.66 MT

132=6.36 MT=6.36/0.66 M*=9.64 M?*

developed for plant trial run are
given in Table 1.

Key challenge was to stabilize the
process and reduce the product
quality failure. Benchmarking
partner had helped a lot to
stabilize the process and product
quality.

Internal communication system
was developed for process
stabilization and improvement.

4.2 Training to Operator

¢ 50P (standard operating
parameters) and check list
developed and shared with the
Team (Table 2).

¢ Identified issues were
discussed and following Lean
Six Sigma tools were used:

e Why-Why analysis.

®  Design of Experiment (DoE)
& response  surface

mapping.

4.3 Challenges faced in adapting
the plant for NP 20:20 '

Bulk fertiliser plants are product
specific with inflexible equipments
and low adaptability. Other
players manufacture NP 20:20 in
plants specifically designed for
this grade (e.g. CIL-Kakinada)
however, the complex fertiliser
plants 1 & 2 of TCL were designed
originally for manufacturing
DAP. There were several
limitations in equipments and
set-up.  Consultants such as
JACOBS and PDIL quoted
significant costs towards advice
and equipment modifications. It
was a challenge for Haldia to
compete with plants designed
specifically for NP 20 in terms of
quality, technical-efficiency and
throughput.

The technical hurdles faced in the
plant for NP 20:20 are listed
below:

i. Pressure reactor: Presence of a
pressure reactor instead of

atmospheric reactor with
pumping arrangements.
ii. Drier limitations: Being

designed for DAP, the drier was
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Table 3. Performance of TCL commercial production

Performance Unit TCL performance | Benchmarking
Measure in product partner

performance
N content % 19.25-19.75 19.50-19.80
P,0, content % 21.2-22.2 19.50-20.00
S content 1% 13.2-14.50 14.70-15.00
Moisture Content % 1.00-1.50 1.00-1.10
-Imm size ' % 3-6 <3

Table 4. Performance gafns

Performance gaps

Problem Statement

To deliver balance nutrient

To achieve best product granulometry

To achieve the benchmark manufacturing
cost of our product. -

To increase the % N level of the
product.

To ensure the consistent quality of
solid recycle ( higher %age of +Imm
size) & PNR slurry condition
(flowability).

To optimize the quantity and quality
of weak acid ( 26% P,0,) from our
own PAP plant.

not suited to remove moisture
levels of over:2 MTPH.

iii. Absence of urea handling
capability: NP 20:20 requires

slight dosage of urea for
grade adjustment of the
required N:P ratio. ~ Haldia

had no prior experience with

urea which offers unique
challenges like its hygroscopic
nature.

iv. High failure rates: Initial
failure rates of NP 20:20 were in

excess of 18%. Production
process was in need of
stabilisation.

 the

4.4 BeeP : (Benchmarking every
Process) A visit to IFFCO,
Paradeep and PPL Paradeep, was
made to study the manufacturing
process on NP20:20 and collect
process data. The data for process
efficiency parameters such as pH,
N/P and temperature scrubber
liquor, PNR slurry, ex-granulator
and final product, fuel
consumption; recycle ratio, drier
inlet and = outlet temperature
were collected. The parameters
for process effectiveness such as
nutrient content and product
size analysis (1 to 4 mm and 2 to
4 mm) were also collected. The
data of partner companies were
then compared with  the
commercial  production data
when plant stabilized. Table 3
compares the performance of TCL
with other benchmarking partner
data.

After comparing the data the
performance gaps were identified
as given in Table 4.

4.5 Root Cause Analysis

A why-why analysis for low %
nitrogen and high moisture % in
product was carried out.
Table 5 gives the why-why
analysis highlighting the cause of
the problems and corrective action
taken to solve them.

Development

Replace impo

with indi

Figure 3. The phases of innovation journey
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Table 5. Why-why analysis for low nitrogen and high moisture percentage

Why-cause the problem

Corrective action

Low N/P ratio in the product.

Ex-granulator product temperature was low

Dry granulation to avoid product
fall in moisture

Reactor (PNR) temperature and
pH variation was high

Reactor temperature was low

Ex-granulator material temperature was
low compared to other product

Problem

Why-1  Product failure in low N,%
And High Moisture%

Why-2  Low ammonia fixation in
the granulator

Why-3  Moisture with PNR slurry
was high

Why-4  Ex-Granulator material
temperature was very low 82 °C

Why5  High moisture due to drying
limitation

Increase reactor pH

Check the water balance and
put water to increase slurry
flowability

PNR temperature and pH
variation reduced

Increase reactor pressure from
1 kg to 1.5 kg and this increases
reactor temperature 147 °C

Increase reactor pressure from

1 kg to 1.5 kg and this increases
ex-granulator material temperature
90°C

The development, introduction
and improvement of NP20:20 are
summarized in Figure 3.

4.6 Reaffirm Quality Checking
process

Robust product quality checking
process has been placed so that
not a single bag can be dispatched
with off specification product
quality. So far not a single
complaint has been received.

size) and balance nutrient content
are the best in the market.
Following measures are in place
to ensure the quality of the
product:

¢ Dedicated quality inspectors
deputed at CPF bagging plant,
exclusively for NP 20 :20 product.

¢ Increased physical parameter
monitoring frequency to half

¢ Direct loading /dispatch
restricted to avoid any non-
conforming product to the market.

¢ To reaffirm product quality,
random sampling /analysis were
introduced even for the QC passed
material from warehouse stock.

5. Results Achieved

Commercial production was

hourly, e.g., Dbagging sample started in August 2014 with
Product granulometry (2-4 mm (before stitching). average plant throughput of 550
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Figure 4. Production and variable cost of production
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Table 6. Specific consumption of raw materials with competitors

Indicators TCL (April "15) Company A Company B
Specific consumption of P,O, (MT/MT) 0.213 0.220 0.215
Specific consumption of ammonia (MT/MT) 0.243 0.255 0.245
Specific consumption of sulphuric acid (MT/MT) 0.434 0.435 0.440

MTPD and slowly stabilized to
600 MTPD by the year end. The
team came up with an innovative
idea of  increasing reactor
pressure from lkg/cm? to 1.5 kg/
cm?, production throughput
suddenly enhanced to 925 MTPD
by the July’ 2015. Apart from
increasing the  production
throughput by 54.2% (Figure 4),
specific consumption of input raw
material has also been reduced.
The specific consumption of
ammonia has reduced from 0.250
to 0.243 MT/MT and P,O, from
0.220 to 0.213 MT/MT (Table 6).
Besides production throughput
and plant efficiency improvement,
stack emissions have also reduced.

6. Performance So Far

¢ With wurea production
throughput of around 38
MTPH was achieved in the
month of June'15.

¢ Achieved highest production
of 984 MTPD.

¢ Increase in throughput and

improvement in specific
consumptions  contributes
lowering the variable cost of
production.

7. Plan for Improvements

¢ The possibility of introducing
pipe reactor having sulphuric

acid adding facility is being
explored to increase the
production throughput further
to 1150 — 1200 MTFPD.

¢ Establishing the new product
variant fertiliser NPK 15:15:15.
The plant trial is successful
and awaiting for commercial
production run.

¢ Other new product variants in
pipeline are NPK19:19:19 and
NP 28:28.

8. Conclusion

The transformation journey from
LIFE to LEAP and the amalga-
mation of knowledge, experience
coupled with intuition made the
mission success. The large part of
benefit gained by the team is the
competence developed for other
new variants in near future
(NPK 15:15:15, NPK19:19:19 etc).
Successful development,
introduction in the market and
establishment of new product
variant NP 20:20 has ensured the
rated capacity utilization of other
plant (sulphuric  acid plant 1& 2
and phosphoric acid plant).

The project team learnt quite a few
lessons during the study,
assessment and execution. Most
pertinent of the lessons are:

¢ Importance of team work.

¢ Business benefit as the project
driver.

¢ One single product change the
scenario of the whole complex.

¢ Challenging currently
established norms and
practices - Thinking out of the
box.

As a responsible corporate
citizen, Tata Chemicals imple-
ments world-class quality and
environment management
systems. Modifications imple-
mented in the complex fertiliser
plants at Haldia have become the

benchmark for resource
conservation and better
environment and safety

management practices.
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