






Dear Reader,

The alkali industry, like other industries, was severely hit due to the 
lockdown and collapse in demand. The accumulated inventory and global 
surplus triggering a sharp decline in prices added to the woes. The gradual 
resumption in industrial activities has enabled the alkali industry to recover 
with improvement in operating levels of plants in recent weeks. However, 
international prices continue to be under pressure. There has also been no 
let-up in imports, adding to the problems of the industry. 

Shri Yogendra Tripathi, IAS was appointed as Secretary in the Department of 
Chemicals & Petrochemicals, replacing Shri Rajesh Kumar Chaturvedi, IAS 
who was shifted to the Department of Fertilizers. Shri Tripathi is an electrical 
engineer and was Secretary in the Ministry of Tourism before taking charge 
as Secretary, DCPC. AMAI extends a warm welcome to Shri Tripathi and 
looks forward to working closely with DCPC under his guidance.

The Prime Minister’s Jal Jeevan Mission (JJM) is set to get a major impetus 
with a budget spend of Rs.3 lakh crores (USD 41 billion). The plan is to 
provide piped drinking water to every household in the next five years. 
According to estimates, over two-thirds of the rural households lack regular 
piped water supply. Depleting groundwater source and heavy dependence 
on monsoons for water needs has aggravated the problem for rural 
households. JJM was launched to address this issue by ensuring regular 
minimum supply of treated water to every household. 

K Srinivasan 
Secretary General
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Intrduction:
During operation, pump shafts 
usually suffer from degradation as a 
result of corrosion and/or mechanical 
degradation, usually in the form 
of fatigue failures. In many cases 
corrosion precedes fatigue failure 
and can actually accelerate the rate 
of failure. Pump shafts are generally 
exposed to the liquid being pumped 
either on a continual basis or at certain 
locations along the length of the shaft. 

Specialised sealing arrangements 
comprising sleeves and o-rings can 
be used to reduce the amount of 
liquid ingress. However, where these 
sealing systems are not implemented 
or where the integrity of these seals 
is compromised, damage to the shaft 
in the form of corrosion may occur. 
This article presents a collection of 
pump shaft failures that have been 
encountered during the operation of a 
chemical process plant.

Pump Shaft Failures due to Corrosion
Dr. S.K. Chakravorty, Consultant (Plant Engineering)

Table 1:  Analysis of the river water

River water analysis

Total dissolved solids 180

Total hardness (CaCO3)     90

Calcium hardness 70

Magnesium hardness 20

Total alkalinity 80

Chloride as NaCl 45

pH 7.21

Soluble iron 0.03

Appearance of sample Clear

Appearance of sediment Brown

Ryznar index (RSI) (20`C) 9.12

Langelier index (LSI) (20`C) --0.96

Ryznar index (70`C) 7.64

Langelier index (70`C) --0.22
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Corrosion failures on shafts:
One of the most catastrophic forms 
of corrosion encountered on shafts 
is pitting attack. This localised form 
of corrosion results in the formation 
of holes or cavities in the metal and 
generally results in the shaft having 
to be scrapped due to the depth of 
penetration of the pits. The relatively 
stagnant liquid conditions, which exist 
between the shafts and sleeve during 
pump operation as well as periods of 
shutdown, create ideal conditions for 
pit initiation. The photograph in Fig. 
1 shows a portion of a water pump 
shaft which had been in service for 
approximately 17 years. The bronze 
shaft sleeve has been removed 
revealing severe pitting in the area 
directly under the sleeve. The solution 
being pumped in this case was river 
water, a general composition of which 
is presented in Table 1. As can be 
seen from this table, the water had 
a relatively neutral pH of 7.21. The 
severity of the attack in this case thus 
suggests that pitting may have been 
assisted by a galvanic effect between 
the steel shaft and the bronze sleeves. 
From this water analysis it can be 
seen that the water does not exhibit 
scaling tendencies, as predicted by 
the Langelier and Ryznar indexes, and 
as such the water would tend to be 
corrosive to steel (see Table 2).

All metals have a corrosion potential 
when immersed in a corrosive 
electrolyte. Thus, when two dissimilar 
metals are in contact with one another 
in a solution, a galvanic potential is set 
up between the two and may result 
in preferential corrosion of the more 
active metal. The galvanic series gives 
an indication of the potentials between 
various metals when immersed in 
seawater. The further apart the metals 
in the table, the greater the potential 

Table 2: The use of Ryznar and Langelier stability indexes to predict the corrosive 
nature of water

Prediction of water characteristics

LSI  RSI Tendency of water

2.0 <4 Heavy scale forming - non-aggressive

0.5  5 - 6 Slightly scale forming and mildly aggressive

0 6 - 6.5  Balanced or at CaCO3 saturation

--0.5  6.5 - 7 Non scaling and slightly aggressive

--2.0 >8  Under-saturated and very aggressive



for galvanic corrosion between them. 
Using the galvanic series in Table 3, it 
can be seen that the steel shaft, being 
the more active metal, would corrode 
in preference to the bronze sleeve.

Methods of preventing pitting failures 

of this type would be to prevent any 
liquid ingress under the shaft sleeves. 
This can be achieved by using o-ring 
or other suitable seals between the 
shaft and the sleeve. Although lap 
joints are commonly used, poor quality 
machining will result in water ingress 

and subsequent corrosion. The use 
of a more corrosion-resistant material 
may also reduce the problem of pitting 
corrosion. Coatings can also be applied 
to both the shaft and sleeve, but the 
suitability and performance of these 
coatings would depend on the type of 
liquid being pumped.

Fatigue failures on shafts:
Probably the most common cause 
of failure on pump shafts is fatigue. 
In order for fatigue to occur, a cyclic 
tensile stress is necessary as well as a 
crack initiation site in the form of a 
stress concentration. Thus, rotating 
elements on pumps, such as the shaft, 
are susceptible to fatigue by the nature 
of their operation.

Should the shaft be slightly misaligned 
or become slightly misaligned due to 
incorrect installation or worn bearings, 
a bending moment is created in the 
shaft and the following types of fatigue 
may result:

1. Unidirectional bending- occurs when 
the shaft flexes in one direction only 
and thus one point on the shaft 
surface experiences a maximum 
tensile stress.

2. Reversed bending - occurs when 
the shaft flexes in two directions 
opposite to one another and 
two opposed points on the shaft 
experience maximum alternating 
tensile and compressive stresses.

3. Rotating-bending - occurs when all 
points along the circumference of 
the shaft experience alternate tensile 
and compressive stresses.
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Fig-1: Steel pump shaft severely pitted 
under the bronze sleeve

Table 3: The galvanic series

Noble or cathodic Platinum

Gold

Graphite

Titanium

Silver    Chlorimet 3 (62 Ni, 18 Cr, 18 Mo)

   Hastelloy C (62 Ni, 17 Cr, 15 Mo)

   18-8 Mo stainless steel (passive)

   18-8 stainless steel (passive)

Chromium stainless steel 11-30% Cr (passive)

Inconel (passive) (80 Ni, 13 Cr, 7 Fe)

Nickel (passive)

Silver solder

Monel (70 Ni, 30 Cu)

Cupronickels (60-90 Cu, 40-10 Ni)

Bronzes (Cu-Sn)

Copper

Brasses (Cu-Zn)

Chlorimet 2 (66 Ni, 32 Mo, 1 Fe)

Hastelloy B (60 Ni, 30 Mo, 6 Fe, 1 Mn)

Inconel (active)

Nickel (active)

Tin

Lead

Lead-tin solders

18-8 Mo stainless steel (active)

18-8 stainless steel (active)

Ni-resist (high Ni cast iron)

Chromium stainless steel, 13% Cr (active)

Cast iron

Steel or iron

2024 aluminum (4.5 Cu, 1.5 Mg, 0.6 Mn)

Active or anodic Cadmium

Commercially pure aluminum (1100)

 Zinc

Magnesium and magnesium alloys



radius and propagated approximately 
midway through the section before 
final fast fracture occurred. The 
large fast fracture zone (labelled `f’) 
indicates that the shaft was under 
a high nominal stress. The pump 
reportedly had a service life of more 
than 3000 h before failure occurred. 
Referring to the various modes of 
fatigue failure in Fig. 2, it can be 
seen that the fracture presented in 
Fig. 4 occurred in bending, under a 
moderate stress concentration from a 
single origin. The stress concentration 
created by the keyway root radii 
was probably exaggerated by the 
presence of corrosion pits noticed in 
the keyway. It is predicted [2] that the 
stress concentration factor associated 
with a pit is 2. As stress concentrations 
are cumulative, pits occurring on 
keyway radii will increase the effective 
stress concentration. An illustration 
of the effect of pitting is given in the 
photograph in Fig. 5 which portrays a 
fatigue crack growing from a corrosion 
pit observed on another pump 
shaft. This particular pump was used 
to pump river water and suffered 
numerous fatigue failures initiated by 
corrosion pits.

Multiple origin fatigue 
failures:
The photograph in Fig. 6 illustrates 
the type of fatigue failure which 
occurs as a result of multiple crack 
initiation sites. The ratchet markings 
indicated by the arrows represent 
various individual fatigue crack 
planes, which have propagated 

Fatigue failures on centrifugal shafts 
are most commonly of the rotating-
bending type. Schematic diagrams 
of the various fractures, which can 
be expected from rotating bending 
conditions, are presented in Fig. 2[1].

Fig. 2(a) and (c) illustrate the 
expected appearance of the fracture 
surface from a single origin under 
moderate and high degree of stress 
concentration while Fig. 2(b) and (d), 
illustrate the expected appearance 
of the fracture surface which has 
originated from multiple origins and 
which was subjected to moderate and 
high stress concentrations respectively.

Stress concentration sites on shafts 
where fatigue cracks may initiate 
are illustrated in Fig. 3[1]. The most 
common areas of crack initiation are 
at the stress concentrations occurring 
at the keyway root radius and sharp 
changes in cross-sectional area of 
the shaft. These stress concentration 
sites should thus be avoided 

when designing shafts. The stress 
concentration associated with various 
geometries can be calculated [2] and 
is referred to as a stress concentration 
factor. 

Stress concentrations serve to reduce 
the fatigue strength of the component. 
Steels (with the exception of stainless 
steels) have what is known as a 
fatigue limit which is a stress below 
which fatigue crack propagation will 
not occur regardless of the number 
of cycles [3]. Thus, the presence of 
stress concentrators decreases the 
allowable stress on the shaft at that 
point, making it more susceptible to 
fatigue. Stainless steels on the other 
hand have an endurance limit i.e. the 
material can endure a finite number 
of cycles before failure as a result of 
which fatigue will occur.

Single origin fatigue failures:
Fig. 4 shows a fatigue fracture on a 
multistage pump used to pump mine 
water with a pH of 7.5. In this case 
a crack initiated at the keyway root 
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Fig-2:  Schematics of fatigue failure 
fracture surfaces in rotating bending 
conditions

Fig-3: Typical stress concentration sites 
on shafts

Fig-4: Fatigue failure initiating at a key 
way root radius

Fig-5: Fatigue failure initiating at a 
corrosion pit

Fig-6: Fatigue failure with multiple 
initiation sites (arrows point to ratchet 
markings



across the section and combined 
to form one large crack. The failure 
was initiated by a groove, which was 
abraded into the surface of the shaft 
as a result of contact with another 
component during operation. This 
groove resulted in the formation of 
a stress concentration around the 
circumference of the shaft, which 
subsequently initiated a number of 
fatigue cracks. The appearance of the 
fracture surface is similar to the one 
presented in Fig. 2b, which indicates 
a moderate stress concentration.

Fig. 7 shows a section of a multistage 
pump shaft embedded in the hub of a 
flexible coupling. The pump was used 
in a mine dewatering application and 
failed after approximately 600 h in 
service. Failure occurred at the face of 
the coupling between the pump shaft 
and the motor shaft. Multiple fatigue 
crack planes are visible (arrowed) 
indicating rotating bending fatigue 
with multiple crack initiation sites. 
The teeth of the flexible coupling 
hub showed significant eccentric 
wear indicating angular misalignment 
between the pump shaft and the 
motor shaft at the flexible coupling. 
It was concluded that fatigue cracks 
initiated at the keyway root and 
at various points along the shaft 
circumference and propagated under 
a cyclic bending stress occurring as a 
result of misalignment.

Preventing fatigue failures on 
shafts:
Bearing failures due to ingress of 
water or dirt are common and 

will result in severe shaft vibration 
if not maintained. High levels of 
vibration can exaggerate fatigue 
and vibration should be monitored 
regularly. Misalignment of shafts 
occurs primarily during the installation 
process and can be avoided if the 
correct procedures are followed. By 
preventing corrosion of the shaft, the 
stress concentration factor associated 
with pitting can be eliminated. 
Corrosion on shafts can be prevented 
by either sealing the shaft by means of 
o-rings on the sleeves or by selecting 
high alloy steels, such as stainless 
steels, depending on the application. 
Galvanic corrosion can be prevented 
by selecting similar shaft and sleeve 
materials. Increasing the keyway root 
radii and shoulder radii at changes in 
section will also serve to decrease the 
stress concentration factors at these 
sites. Elimination of keyways would 
be the ideal solution, but this is not 
always possible. Fatigue life can also 
be improved by selecting materials 
with higher fatigue limits.

Shaft sleeve failures:
Sleeves protect the shaft against 
corrosion, erosion and wear and 
are mainly found on large hydraulic 
pumps [4]. However, inadequate 
sealing of the sleeves will allow ingress 
of water, resulting in under-sleeve 
corrosion of both sleeve and shaft 
as mentioned previously. Common 
materials for sleeves are cast-iron 
or bronze. If exposed to water, grey 
cast irons are likely to corrode fairly 
rapidly. Liquid ingress under a poorly 

machined or installed sleeve or shaft 
will result in a loose fit between sleeve 
and shaft, with the result that the 
components will wear against each 
other. One such example is illustrated 
in Fig. 8 and shows two sleeves 
from a horizontal split-casing pump. 
The sleeve on the left shows severe 
corrosion and wear when compared 
with the sleeve on the right. Both 
sleeves are located on opposite 
sides of the impeller shaft and were 
manufactured from cast iron. It is 
suspected that corrosion occurred 
due to water ingress under the sleeve, 
possibly as a result of the sleeve 
being slightly loose to start with. The 
sleeve corroded to the extent that 
it was loose on the shaft, resulting 
in eccentric wear and subsequent 
thinning of the sleeve walls. This type 
of failure can be prevented by sealing 
the shaft by means of o-rings or by 
selecting a more corrosion-resistant 
material for the shaft sleeves [5].

Conclusion:
As can be seen from the collection of 
failures presented in this paper, many 
factors can and do contribute towards 
pump failures, but if we are aware of 
these factors and how they affect the 
performance of pump components 
we will be in a better position to try 
and avoid these failures in the future.
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Fig-7: Fatigue failure with multiple 
initiation (arrows point to fatigue crack 
planes)

Fig-8: Cast-iron sleeves showing severe 
corrosion & wear (left hand side)
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The coronavirus has crippled the 
world economy. Global GDP suffered 
its sharpest drop since the end of the 
second world war in 2020, millions 
were unemployed or furloughed, 
and governments pumped trillions 
of dollars into their economies to 
prevent greater damage. Nevertheless, 
a 2021 recovery is very uncertain. 
China’s economy is growing strongly 
again, but many of the world’s richest 
nations may not fully rebound until 
2022 at the earliest.

Inequality is also rampant. While 
America’s 651 billionaires have 
increased their net worth by 30% 
to $4 trillion, a quarter of a billion 
people in developing countries could 
face absolute poverty and up to half 
the global workforce may have lost 
their livelihoods.

Advantage Asia
The speed at which the pandemic can 
be contained will have a huge bearing 
on how the world economy performs. 
In the race between new virulent 
strains of the virus and the vaccine 
roll-out, early victory is by no means 
assured. Even rich countries that have 

secured most of the available vaccines 
may fail to inoculate enough people 
to provide herd immunity until the 
end of 2021. In developing countries, 
where vaccines will generally be 
scarce, the virus is expected to spread 
further.

The big winners are likely to be 
countries like China and South 
Korea that succeeded in suppressing 
Covid-19 early. China’s economy is 
projected to grow in 2021 by 8%, 
over twice that of the most successful 
western countries even before the 
pandemic.

China’s export-led economy has 
actually benefited from lockdowns in 
western countries. Western demand 
for services like entertainment 
and travel may have declined, but 
demand for household consumer 
goods and medical supplies has 
increased. Chinese exports to the US 
have reached record levels despite 
the high tariffs imposed by the Trump 
administration.

China is also expanding its economic 
influence throughout Asia, with a 
new free trade area in the Pacific and 

huge infrastructure projects along its 
trade routes to Europe and Africa. It 
is investing in advanced technologies 
to reduce its dependence on western 
supply chains for components such 
as semiconductors. China could now 
overtake the US as the world’s largest 
economy within five years, twice as 
fast as previously predicted.

Harder Times Elsewhere
For rich countries such as the US, 
UK and those in mainland Europe, 
the picture is less rosy. After brief 
recoveries in summer 2020, their 
economies stagnated. This was driven 
as much by the second wave of the 
pandemic as lockdowns. In the US, 
for instance, employment and growth 
closely tracked the pandemic rather 
than the unevenly applied lockdowns 
as business and consumer confidence 
slumped. Even with some recovery 
next year, these economies are 
expected to be 5% smaller in 2022 
than if the crisis had not occurred.

The biggest losers of 2021, however, 
are likely to be developing countries. 
They lack both the economic 
resources to acquire enough vaccines, 
and the public health systems to treat 
large numbers of Covid patients. They 
also can’t afford the huge government 
subsidies that have prevented mass 
unemployment in Europe and the US. 
With demand for their raw materials 
crippled by the recession in the west, 
and little aid available from rich 
countries to alleviate their large debts, 
they can ill afford further lockdowns.

Even formerly fast-growing countries 
like Brazil and India are facing hard 
times. Many millions of poor workers 
in the informal sector are being forced 
back to their villages and urban 
slums to face mass poverty and even 
starvation.

World Economy in 2021

Alkali Bulletin January 2021 | 7



Meanwhile South Africa, the 
wealthiest country in Africa, may 
have left it too late to obtain enough 
vaccines to stem the rapid rise in 
infections. It has taken a collective 
approach by becoming a member 
of the COVAX programme. The 
programme aims to ensure that 
poorer countries do not lose out, but 
it has yet to achieve results.

The New Divide
The economic effects of the pandemic 
have been hugely varied across 
society. Those in full-time work, often 
in highly paid jobs working from 
home, have accumulated substantial 
savings since there is less to spend 
wages on.

The very rich, especially in the US, 
have benefited from huge stock 
market increases driven by pandemic 
successes like Amazon, Netflix and 
Zoom – and this looks likely to 
continue. The big question for the 
economy is whether in the coming 
year those with secure jobs and high 
incomes will return to their previous 

spending patterns, or hold on to 
their savings in the face of continuing 
uncertainty.

In contrast, many who have lost jobs 
or businesses or been furloughed will 
struggle to find new work or return 
to their previous income levels – 
especially since low-wage sectors such 
as retail and hospitality are unlikely to 
recover fully after the pandemic. This 
group includes many younger people, 
women and ethnic minorities.

The inequality could be increased as 
rich governments scale back the huge 
subsidies being used to keep many 
workers employed or furloughed. 
Rishi Sunak, the UK chancellor, gave 
clear indications of this intention in his 
November spending review.

In the US, the political deadlock 
over further relief spending was 
only resolved at the last minute, and 
Republicans will probably now aim 
to minimise Biden-administration 
spending despite the profligacy of the 
Trump years. Europe has just reached 
an unprecedented agreement to 

provide EU-funded aid to member 
states most affected by the pandemic, 
but tensions over the extent of the 
package and the recipients will 
probably continue.

Cooperation could ease the 
adjustment to a post-pandemic 
world. But international cooperation 
during the pandemic has been weak, 
and economic tensions have further 
undermined the world’s commitment 
to free trade – not a good start 
for Brexit Britain. Domestically, 
redistribution of wealth and income 
through higher taxes could give 
western governments more resources 
to deal with the victims of the 
pandemic, but will be politically 
difficult in a continuing recession. 
Social unrest has been one 
consequence of previous pandemics. 
Let’s hope that this time, we find the 
wisdom to tackle the gross inequalities 
revealed by Covid-19, and build a 
fairer world.

(Telangana Today, 9 January 2021)
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Four Signposts for the Chemical Industry Under a Biden 
Administration

NATHAN SHAFFER 
Vice President Chemicals  

Wood Mackenzie 

The Democrats are expected to 
retain control of the US House of 
Representatives, but the Senate will 
be determined by upcoming run-offs 
in the state of Georgia. 

While the chemicals sector is 
expected to see few direct impacts, 
there are several themes that should 
be watched closely.

So, what can a Biden administration 
do that affects the chemicals industry 
in the years ahead? There are four 
factors that have the potential to 
shape the chemicals market:

Feedstock costs – oil and NGL 
prices
US foreign policy has impacted oil 
markets over the last four years by 
implementing sanctions on Iran and 
pressuring OPEC and its partners 
to manage output. The Biden 
administration has signaled that the 
US will return to the international 
nuclear deal, provided Iran complies 
with the original terms under the 
Joint Comprehensive Plan of Action. 
A sizeable gap remains; however 
rapprochement with Iran could bring 
extra oil supply to the market. This 

would put downward pressure on oil 
prices without any adjustment from 
OPEC or other producers. 

The US upstream oil and gas sector 
is already facing a crisis due to the 
coronavirus pandemic and it is 
unlikely to see strong support from 
a Biden administration. The Biden 
plan for climatechange includes a ban 
on new leases for drilling on federal 
lands and waters, as well as tougher 
regulations on methane emissions. 
The lease ban would mostly impact 
future offshore production, however 
tighter regulations combined with 
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a low-price environment may 
slow overall US upstream activity. 
The consequence could be lower 
availability of NGLs, like ethane for 
petrochemical feedstock, with an 
upside risk for prices.

The energy transition, 
sustainability and economic 
recovery
The Biden plan on climate change 
includes returning to the Paris 
Agreement and pledging US$2 
trillion to eliminate carbon emissions 
from the US power sector by 2035. 
The plan calls for building out 
infrastructure to develop a nationwide 
zero-carbon energy network, which 
has the potential to create jobs 
and drive growth for chemicals in 
sustainable applications such as solar 
installations and electric vehicles.

An immediate concern is the 
economic recovery, which could 
support demand for chemicals and 
polymers. However, managing an 
economic downturn alongside the 
pandemic remains complex and 
any potential stimulus packages 
will likely be stalled by the pending 
administration change. Certain 
polymer demand segments have 
remained resilient, despite the 
economic downturn, due to strength 
in packaging and medical sector 
applications. Other areas, such as 
automotive, construction and a 
parel, have suffered most through 

the pandemic, resulting in weaker 
demand for polymers with asociated 
exposure. Additional stimulus and an 
economic rebound would clearly help 
to boost demand, but higher levels 
of unemployment, debt, and taxes 
are expected to be a drag on future 
growth.

Trade policy
The Biden administration is expected 
to maintain a tough stance on 
trade with China given bipartisan 
support for the protection of US 
manufacturing jobs. The approach 
is expected to differ from that of the 
Trump administration by enlisting 
international allies. That may be easier 
said than done, as many traditional 
US allies, such as Japan and the EU, 
have been affected by US tariffs under 
Trump Rebuilding those relationships 
will be key, as will timing. The US 
President has broad authority over 
trade policy, so changes could be 
implemented relatively quickly 
without Congressional support.

In recent years, export destinations 
for US chemicals and polymers have 
shifted in response to trade disputes. 
That seems unlikely to change over 
the short term, with little movement in 
US policy in relation to China. China 
is expected to remain undeterred and 
continue forward with its investment 
plans in the chemicals sector, with 
the goal of achieving self-sufficiency 
across the chemicals value chain.

Predicted pace of policy 
change 
The Biden administration, like all 
its predecessors, will come into 
office full of campaign promises and 
lofty goals. The reality is that most 
elements of change happen more 
slowly than anticipated due to the 
established political framework. An 
important area to watch will be the 
balance of seats in the US Senate, 
which now depends on a runoff 
election in the state of Georgia. At 
best, the Democrats would need to 
win both seats to reach a 50:50 tie 
with Republicans and could then rely 
on the Vice President for any tie-
breaking vote. Should the Republicans 
prevail with at least one Georgia 
Senate seat, they would retain the 
majority – a result which would 
likely hinder several of Biden’s policy 
plans. Beyond Congress, other policy 
changes are expected to face court 
challenges. Many of the Obama-era 
regulatory changes remain unsettled 
and those initiated by Trump will 
similarly face scrutiny. Dealing with 
the pandemic and associated fallout 
will impede the targeted pace of 
change. However, the Biden transition 
effort has already announced 
members of a coronavirus task force. 
This is a helpful step, but cases have 
continued to rise, and the colder 
winter weather could exacerbate the 
spread of the virus.

(Reproduced with permission from 
Chemical Weekly, 05 Jan 2021)
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Background and Present 
Scenario
The chemical industry has become 
increasingly complex as the variety 
of products and processes, the 
complexity and agility of the 
supply chains have increased, and 
competition is now fierce. Digital 
tools address these challenges and 
help optimize business processes. The 
chemical industry is torn between 
acting quickly to reap the benefits 
of Industry 4.0 on the one hand, 
and remaining prudent by making 
small moves, and thus risks missing 
opportunities on the other. A closer 
look reveals that the industry already 
has many Industry 4.0 technologies in 
place. Some cyber-physical systems 

Deploying Industry 4.0 in the Chemical Industry

Abstract 
The advent of digital technologies has come as a boon to the chemical industry which 

has highly complex processes. The buzzword for these technologies is Industry 4.0 
which is expected to usher in the next Industrial Revolution. With digitalization apace 

in the chemical industry the industry is expected to benefit from it immensely. Industry 
4.0 drives efficiencies in every functional area of a chemical company, which includes 
supply chain integration, operations and manufacturing, proactive asset management 

and final product marketing and distribution. This article elaborates on its potential 
and the strategies required to make digitalization successful. It also discusses new 

manufacturing models like modular plant that have become more feasible now.

enabling the intelligent plant are 
mainstream in the process industry. 
For example, most valves are operated 
by actuators under the control of an 
algorithm in a digital process control 
system. The IoT  vendor-managed 
inventory” concept of the household 
refrigerator sending orders to a 
grocery store when items reach a low 
threshold is commonly employed 
in the industry. Many chemical 
companies also already employ 
analytics based on first principles, 
empirical, and hybrid models. 
However, new data driven analytics 
are emerging and digital supply chain 
integration is becoming more secure 
and sophisticated. To achieve the 
potential of digital transformation, 
chemical companies need a common 

framework for assessing the current 
state, defining the desired future state, 
and charting a roadmap of the digital 
journey.

Chemical manufacturing differs 
in many aspects from discrete 
manufacturing. Chemical processes 
are highly complex and intermingled. 
Components in these processes 
are often produced by a network 
of companies. Components can be 
very toxic, making them difficult 
or impossible to transport safely. 
Chlorine, for example, is sometimes 
transported directly by pipeline from 
one company’s site to another’s. 
In general, safety considerations 
constrain supply chain flexibility 
considerably and create stringent 
requirements for security and process 
safety. The chemicals industry is also 
very asset intensive, with lifecycles 
of twenty to thirty years or more 
for major assets. According to the 
European Chemical Council, Europe’s 
chemical output has been shrinking 
considerably both in absolute and in 
relative terms, with much production 

Valentijn's responsibilities include 
research and consulting in the process 

industries, with a focus on clients in 
Europe, the Middle East, and Africa. 

His focus areas include organizational 
change and effectiveness, business process 

improvement, value-based performance 
management, governance, project 

management, knowledge management, 
operations management, innovation and 

engineering, and manufacturing IT.
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shifting to the Middle East, Far 
East, and Gulf regions. European 
chemical companies contribute to 
this shift by investing in other regions. 
Other challenges in Europe are 
access to (low-cost) feedstock and 
stringent regulations. Downstream 
manufacturing is also moving out 
of Europe and end clients are more 
demanding in terms of traceability, 
ecological footprint, or the added 
value of the end product. This last 
aspect also represents an opportunity. 
Many companies understand the 
potential gains that could be achieved 
from Industrial IoT applications 
and cloud computing in chemical 
manufacturing.

The Answer
The strategic answer to these 
challenges is that “Chemicals 
4.0” players can thrive when they 
simultaneously master the supply 
chain of feedstock and resources, 
manufacturing efficiency (including 
intensification and digitalization), as 
well as customer-specific application 
value. The need for flexibility, 
agility, reduced time to operational 
readiness, and the drive to reduce 
capital and operating cost in the 
process industries, have led the 
industry to work on approaches of 
modular production and automation.

Some companies provide their 
personnel and contractors with access 
to historical and real-time plant data 
via a private cloud. As a good-sized 
plant generates in the order of a 
billion data points per day (with some 
parameters being sampled at sub-
second frequencies). Would that fit 
the definition of big data? The volume 
and velocity certainly are there. The 
variety comes from logged events, 
so-called unstructured data. Some 
cloud applications are mainstream, 
for example for sharing or developing 
analytics of operational data, but most 
operations management applications 
and process control are on-premise. 
And the industry wants to keep it that 
way.

Computing power is ever increasing, 
with many new and easy to use 
technologies. However, the key is to 
know where to focus and to recognize 
if expectations for these technologies 
are realistic. To decide where to focus, 
a company needs a digital strategy 
and this strategy must be organized 
along the company’s vertical and 
horizontal integration axes. The goal 
of vertical integration is to make 
the right data accessible to the right 
people to be able to make the right 
decisions. The objective of the 
horizontal integration with suppliers 
and customers is to share data, 
improve cooperation, and improve 
order fulfillment and service levels. 
Opportunities arise when scrutinizing 
the processes and applications along 
these axes. It is strategically important 
to use an IoT platform for example 
for analytics or for developing 
modular production applications 
since it transforms thinking from 
that of a topdown execution using 
the automation pyramid, to one of 
collaboration in a network.

Modular Plant Vision For 
Product and Capacity 
Flexibility
The traditional approach to scaling 
up from pilot plant scale to high-
volume chemical production is to 
re-engineer the plant for all aspects 
related to larger volumes. Among 
other things, this impacts heating, 
mixing, reaction and cooling times; 
or equipment sizing and designs. 
The nameplate capacity of the plant 
is chosen close to the higher end of 

the expected fluctuations in demand 
for the chemical to be produced. 
The associated risk here is that if the 
demand for the chemical greatly 
exceeds capacity or dips because of 
economic fluctuations, it will create 
unfavorable situations.

An alternate approach would be 
to create the needed capacity by 
lining up several smaller, modular, 
standardized plants – “numbering 
up” as opposed to “scaling up.” This 
will provide many advantages, such 
as reduction of capital expenditure 
required for the same capacity, and 
economies of scale can be achieved. 
This modular approach also provides 
flexibility to help manufacturers adjust 
to economic cycles and fluctuating 
market demand for these products. 
In a downturn, some modular 
production lines for the product can 
be stopped or transported to other 
geographic regions while the other 
lines continue to produce at optimal 
conditions. When demand rises, 
additional plants can be put on stream 
very quickly.

For short-lived specialty chemicals, 
a trend is to produce smaller 
quantities, introducing gradual 
improvements in product and process 
and responding flexibly to market 
and client demands. With relatively 
low effort, modular production lines 
could be reconfigured or modified 
to produce different grades, variants, 
or even entirely different chemicals. 
An owner-operator could simply add, 
interchange, or modify modules, 
rather than having to engineer, 
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procure and construct a new plant. 
These changes are reversible too.

The modular production concept 
requires new engineering approaches. 
Rather than optimizing the production 
process by tailoring all process units 
to an average capacity that rarely 
materializes, the plants would be 
composed of a choice of general-
purpose, standard modules. Examples 
could be feed preparation, process 
analytical technology (PAT), or 
separations, assembled with a few 
highly specialized modules for critical 
steps, such as reactors. Specialized, 
high-performance modules could take 
full advantage of new technologies 
such as 3D modeling and printing, 
detailed fluid dynamics, and chemistry 
modeling. On average, smaller, 
modular plants would produce far 
closer to their optimal operating 
points than traditional large-scale 
plants.

Also, similar to package units, the 
modules contain the instrumentation, 
actuation, and controls. Many process 
assemblies are conceptually similar. 
For example, consider a reactor with 
a stirrer, heat exchanger, and pump 
along with associated measurements 
and controls. Engineering packages 
use modular templates for 
process components and include 
electrical and automation. These 
templates could be instantiated or 
parameterized to reflect the size 
and capabilities of a specific plant 
or module and thus well-suited for 
engineering self-contained modules.

Modules, also called Production 
Equipment Assemblies (PEA), can 
be composed of modular functional 
equipment assemblies (FEA). When 
a module is adapted to changing 
process or product requirements, it 
often involves exchanging an FEA, 
rather than building  a new PEA. 
This further increases efficiency and 
reduces the effort and capital required 
to adapt production.

Modular Production calls for 
Modular Automation
Production modules should function 
in a simple “plug-and-produce” 
fashion. Standards for interacting 
with the self- ontained modules are 
made at the functional level (stirring, 
reacting, heating, etc.). This requires 
a level of abstraction between the 
embedded process automation and 
the process orchestration layer (POL). 
While this role is sometimes fulfilled 
by a DCS or a batch execution system, 
(part of) this orchestration could also 
reside at the manufacturing operations 
management (MOM) level. In other 
words, the POL could either be the 
manufacturing execution management 
function in ISA 95 level 3 or part of 
the level 2 control layers. NAMUR 
adopted the original proposal made 
by WAGO and dubbed it Module 
Type Package, or MTP.

Basic MTP functionality to operate 
a module is available today and 
already used by several owner 
operators of industrial-scale and 
pilot plants. This enables these early 
adopters to get benefits from today’s 
partial functionality, learn from the 
application of the standard in its 
current version, and improve and 
complete the standard incrementally.

Because of the abstraction between 
the embedded automation and 
orchestration layer, the standard 
allows users to mix modules with 

automation products from multiple 
vendors in a single plant. This led 
to the realization that package units 
could be integrated into a plant DCS 
as long as both the DCS and package 
unit comply with the MTP standard.

Digital Transformation of the 
Chemical Industry
In today’s highly regulated and 
competitive environment, chemical 
companies must further look beyond 
traditional industrial conventions 
and business norms and focus on 
achieving the desired outcomes 
via digital transformation/Industry 
4.0. For many companies, this 
need is reinforced as competitors, 
partners, suppliers, and customers 
begin employing digitalized business 
processes of their own. By exploiting 
the convergence between operational 
and information technologies, these 
companies are connecting their 
enterprises internally, and externally 
throughout their supply chain. This 
both requires and supports new 
business models and processes.

Digitalization/Industry 4.0 will help 
chemical companies prepare for the 
future through:

•	 Growth and innovation
•	 Performance and cost optimization

Sustainability and the circular 
economy Chemical companies have 
the potential to reach new limits 
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with digitalization. As a value-add 
differentiator, companies need to 
research which digital opportunities 
they must utilize and then 
implement them most effectively. 
Steps to be followed, iteratively and 
synchronously: change the mindset 
and accept new ways of doing 
things; identify and implement new 
technologies, and adopt a continuous 
improvement process.

On the digital transformation journey, 
digital twins are now garnering all 
the attention. A digital twin is a 
“representation of a physical asset 
that has a level of completeness 
and accuracy and includes context 
information that allows the user 
to understand its behavior and 
performance.” Context information is 
very important and can be text-based 
(data model, asset or engineering 
information, code, etc.) or non-
text-based (3D, spatial, binary files, 
etc.); or a combination of both. 
The data model structure should be 
standardized across the enterprise and 
preferably across companies too. The 
importance of digital twins in asset 
lifecycle management is critical. The 
asset lifecycle is not linear; it’s a few 
circular iterative processes (project 
performance management – asset 
performance management – asset 
portfolio management) to optimize 
the full asset lifecycle, including the 
trajectory to operational readiness. 
The gathered information during 
the design and build phases are 
shared with the asset to optimize 
performance. In case of a bottleneck 
or modernization, a modification 
request will be sent and approved 
when resources and capital are 
available. Hence, the efficient flow of 
up-to-date information is vital for all 
processes in the lifecycle. Good asset 
information is the best foundation 
for digital twins. Digital twins require 
data from information and operational 
technologies so that it can reflect the 
current state of the project or asset.

Combining data from engineering 
technologies into a digital twin 

enables simulations so that users can 
try out different scenarios or predict 
the performance of an asset.

•	 The quantifiable business outcomes 
of deploying a digital twin are:

•	 Asset information completeness, 
quality, and integrity

•	 Increased plant availability
•	 Reduced risk
•	 Improved plant integrity

Cultivating a Digital Mindset
Digital transformation involves far 
more than just implementing new 
technologies. Cultural, workforce, 
and organizational issues also come 
into play and must be addressed 
effectively. To gain real value from 
digital transformation, it’s also 
important to have a plan for moving 
beyond the proof of concept and 
pilot stages to be able to scale up 
and roll out successful pilots across 
the business. Successful digital 
transformation of an organization 
requires having a digital mindset 
with a focus on agility and ownership 
culture. There has to be a cultural 
change that percolates throughout 
the organization by reskilling 
and upskilling while encouraging 
and rewarding autonomous and 
responsible acts. Experimentation 
should be promoted and failures 
should be permissible. Once the value 
is identified, pilot implementation and 
roll-outs need to use the traditional 
project approaches with appropriate 
risk and value management. The key 
steps of the digitalization journey are:

•	 Identify digitalization drivers
•	 Digital maturity assessment
•	 Scenario definition and solution 

map
•	 Digital enterprise realization

Digital Readiness and the 
Human Factor
The digital maturity of the 
organization is necessary to realize the 
value of digital twins. And this entails:

•	 Digital competencies

•	 Assets, processes, and people to 
provide digital information

•	 Information systems for quality and 
quantity of information

•	 Flexible ecosystems for agile supply 
chains

•	 Culture of collaboration and open 
communication that is built on trust

If organizations want the optimal 
performance of individuals and 
organizations we need to work on 
competence development – domain, 
IT, and automation skills.

Social competence, i.e. the ability 
to communicate, discusses, and 
negotiates with empathy and respect 
54 is an important aspect too. Quality 
of production and products can 
be improved not only by process 
organization and skills but also by 
teaching people the attitudes and 
behaviour that lead to the best results.

Conclusion
That digitalization is imperative to 
succeed in a competitive world is a 
given, but the transition must be well 
strategized and charted. The goal of 
Industry 4.0 is to produce intelligent 
products using intelligent methods 
and processes, and this is enabled 
through increased use of near-real-
time data in the digital integration of 
value chains, seamless asset lifecycle 
information from plant concept to 
decommissioning, and business- 
to-plant production control. Some 
chemical companies already have 
a strategy for digital transformation 
along with a realizable roadmap, but 
it’s not going to be a smooth ride! 
ARC believes that while there is no 
“one-size-fits-all” approach, projects 
should support a strategy and help a 
company accelerate its progress on 
the road it has chosen.

(Reproduced with permission from 
Chemical Industry Digest Jan 2021)
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Industrial Wastewater: Valued Resource
Mr Tariq Siddiqui,  

Head- Media & Communication 
SPML Infra Limited

India is ranked 120th among 122 coun-
tries surveyed on the safe water index. 
This is not an ideal scenario for such 
a large country aspiring to become the 
leading economic power in the world.

Water is a universal solvent and 
practically all substances in certain 
levels can be dissolved in it. With 
this nature, water can be easily 
contaminated by other compounds.

India is reaching towards the tally of 
1.4 billion people and experiencing 
severe water scarcity. The issue 
further compounded by the fact that 
around 80% of India’s water sources 
is severely polluted due to dumping 
of sewage, silt, garbage, industrial 
effluent, chemicals etc. into the 
country’s rivers and lakes. This has 
led to water being u drinkable and 
the large population having to rely on 
unclean and contaminated water.

The World Bank has estimated that 
almost 21% of communicable diseases 
in India are water related. Of these 
diseases, each year more than 1.5 
million children die from dia rhea 
alone. The highest mortality from 
diarrhea in children under the age 
of five highlights the urgent need 
of wastewater treatment to prevent 
diarrheal disease in this age group 
as well as keeping our water sources 
clean and free from contamination. 
The health and economic impact of 
poor water quality are enormous and 
experts predict that 40% of people 
may not have a clean water source by 
the year 2030.

Globally, India is ranked 120th 
among 122 countries surveyed on 
the safe water index.This is not an 
ideal scenario for such a large country 

aspiring to become the leading ec 
nomic power in the world. The vast 
population in rural India is mainly 
dependent on the groundwater 
sources for their drinking water 
purposes. With wide spread water 
contamination, it is estimated that 
groundwater in one third of India’s 
739 districts is not fit for drinking as 
the concentration of fluoride, iron, 
salinity and arsenic exceeds the 
standard prescribed levels.

Consequences of Water 
Pollution
India is presently producing about 
71 billion litres of wastewater per 
day that includes both municipal 
and industrial wastewater. With fast 
urbanization and economic and 
industrial developments, the figure 
is continuously growing. But the 
treatment facilities for both sewage 
and effluent is not matching with 
the demand and almost 70% of 
wastewater goes untreated and flows 
directly into India’s ponds, lakes, rivers 
and other water sources. Eventually, 
contam nated water also enters the 
groundwater sources thus polluting 
the saved and sacred resource as 
well apart from the surface waters. 
Because of the poor infrastructure 
and absence of wastewater treatment, 

almost 38 million Indians suffer from 
waterborne diseases like typhoid, 
cholera and hepatitis every year. Over 
the last decade, the frequency of 
these illnesses has in fact increased.

 Water pollution in India not only 
harms people’s health and food 
security, but it also contributes 
to the decrease in India’s GDP 
and economic growth. The water 
pollution leads to the degradation 
of environment including loss of 
thousands of crores in production 
and agriculture losses leave alone the 
increased cost of healthcare.

Presently, the industries in India 
generate around 14000 MLD of 
industrial wastewater every day of 
which about 60% is treated mainly by 
the large industries. This necessitates 
that government should take initiatives 
and encourage MSME industries to 
set up their own treatment plants to 
reduce the wastewater by reusing 
treated water for industrial purposes. 
Common effluent treatment plants 
(CETPs) were perceived to be a 
feasible solution for abatement of 
industrial wastewater pollution. 
However complexities involved with 
practical application and logistics 
proved not to be as appealing as the 
concept. The treatment of collected 

Activated Carbon Filter at CETP Naraina, Delhi
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wastewater should be determined by 
the purpose for which it is recycled. 
It can either be discharged in water 
bodies or reused for other purposes 
such as agriculture, gardening or 
industrial depending on the quality 
produced. It should be treated up 
to certain levels in order to free the 
water of harmful contaminants that 
pollute the receiving environment.

SPML Infra Limited has been 
promoting sustainable water 
management – a task that is 
increasingly becoming essential as the 
natural supplies reduces and demand 
rises. SPML Infra makes an important 
contribution towards conserving 
the precious resources across the 
nation by reducing wastage, losses 
and pilferage of the drinking water 
and treatment of used water. It has 
designed and constructed a number 
of common effluent treatment plants 
in Delhi and other cities. The Naraina 
Common effluent treatment plant in 
Delhi is developed for the Naraina 
Industrial Area with the capacity to 
treat 21.6 million litres of effluents 
daily.

Case Study: Naraina Common 
Effluent Treatment Plant
Following the Supreme Court’s order 
to shift allindustrial units functioning 
in non-conforming or residential areas 
in Delhi to the industrial area specially 
created for them, the Government 
of Delhi has taken proper action and 
shifted them to different industrial 
areas of Delhi. To accommodate 
these units, the Delhi State Industrial 
and Infrastructure Development 
Corporation (DSIIDC) developed 
the Naraina Industrial Area that has 
around 1,000 functioning industries. 
The types of industries in the industrial 
area include high tech industries 
such as electronics, instrumentation 
& process control equipment, 
machine tools, hand tools & tooling, 
light engineering, refrigeration & air 
conditioning, electrical and house-
hold equipment, plastic goods, 
medical and pharmaceuticals, food 

processing, leather goods, textiles and 
sport goods, packaging, scientific and 
laboratory equipment etc.

These industries generate large 
quantities of effluents. To treat these 
industrial wastewater discharged 
by the industrial units and utilize 
the same for other useful purposes, 
a common effluent treatment 
plant (CETP) was costructed and 
operationalized.

The CETP at Naraina was 
constructed by SPML Infra Limited 
on an engineering, procurement and 
construction (EPC) basis for Delhi 
State Industrial and Infrastructure 
Development Corporation Ltd. 
(DSIIDC) on abuilt-up capacity of 21.6 
MLD at an investment of Rs. 140.8 
million. Post the commissioning of the 
plant; SPML Infra has maintained it 
with for a period of three years.

The plant has a three-tier treatment 
system comprising primary, secondary 
and tertiary treatment. It is equipped 
with treatment facilities which 
can remove suspended solids, 
biological oxygen demand (BOD), 
chemical oxygen demand (COD) 
and other pollutants in the effluent. 
The main units of the CETP are 
screen chambers, oil and grease 
(O&G) removal tank, grit chamber, 
equalization tank, chemical treatment, 
clarifiers, aeration tanks, tube settlers, 
rapid sand gravity filter and centrifuge. 
Wastewater generated by industries in 
Naraina is transported to the CETP by 
pumping of effluent from raw effluent 

pumping stations 
through rising 
mains.

The effluent 
through raw water 
pumping stations 
initially reaches 
a stilling/inlet 
chamber, after 
which it flows into 
the O&G chamber 

for removing O&G in the wastewater, 
using a skimming mechanism. During 
this process, air and chlorine are 
injected into the chamber and the 
separated O&G is then disposed 
of. Wastewater moves from the 
O&G chamber to be collected in 
the screen chamber for the removal 
of floating materials in the effluent. 
Apart from floating materials and 
O&G, the effluent also contains 
solid particles like grit and sand. 
This is removed in the grit chamber 
before undergoing biochemical 
treatment. After passing through these 
chambers, the effluent is collected 
in the wastewater equalization tank 
before undergoing primary treatment. 
From the equalization tank, the 
effluent flows into the flashed mixers. 
Since the raw wastewater contains 
substantial amounts of suspended 
solids, which cannot be removed by 
bar screens and the grit chamber, it 
is mixed with chemicals like alum or 
lime or polymer in the flash mixers 
to separate solids through chemical 
coagulation and sedimentation. 
The effluents discharged from the 
flash mixers flow into the primary 
settling tank via a distribution box 
for the gravitational separation of 
flocs resulting from the coagulation/
flocculation process.

The primary treatment process results 
in the formation of sludge, which is 
collected in sludge pit at the bottom 
of the primary settling tank. Then, 
the effluent undergoes secondary 
treatment. From the primary settling 
tank, the effluent flows into the 
aeration tank for biodegradation of 
organic matter in the presence of 

CETP at Naraina, Delhi
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oxygen supplied by the aerators. 
The biologically degraded effluent 
is discharged into the secondary 
settling tank and the settled sludge is 
collected in sludge pits at the bottom 
of the tank.

The secondary treated effluent flows 
into the secondary effluent sump and 
pumping station for further removal of 
pollutants with the help of chemicals 
like alum or lime or polymer. The 
effluent mixed with chemicals is 
discharged into the coagulation/
flocculation chambers resulting in floc 
formation. The colloidal flocs formed 
settle at the bottom of the tube settler 
attached to the flocculation chamber. 
From the tube settler, the clarified or 
treated effluent flows into the rapid 
gravity sand filter for the final stage of 
tertiary treatment.

In the rapid gravity sand filter, the 
remaining suspended solids and other 
pollutants in the treated effluent are 
removed using the filtration process. 
The filtered effluent is collected 
in the final effluent storage tank. 
Finally, chlorine is injected into the 
tank to further reduce the level of 
pollutants in the treated effluents. The 
rapid gravity sand filter is connected 
through water channels to the final 
effluent storage tank and the reject 
water pump house. A backwash 
pump house is attached to the final 
effluent storage tank to store water for 
filters. The wastewater collected in the 
reject water pump house is pumped 

to the primary sludge pump house 
from where it flows into the sludge 
thickener. The thickened sludge is 
discharged into the thickened sludge 
pump house from where it flows 
into the centrifuge house. Finally, the 
sludge extracted from the centrifuge 
house is collected in the trolley for 
disposal.

Scope and project component
Design, engineering, construction, 
supply, erection, testing & 
commissioning on Design, Build and 
Operate basis of:

•	 21.6 MLD Effluent Treatment Plant
•	 Pumping Stations
•	 Rising Main with 6 00 mm dia DI 

Pipeline
•	 Circular Raw Water Pump House
•	 Equalization Tank, Holding Tank, 

Grit and Screen Channel, Flash 
Mixer, Tube Settler, Flocculation 
Tank and Sludge Thickener

•	 Process/technology based on 
activated sludge process with Gas 
Mixing Technology

•	 Gasholder and Compressor
•	 Supply & erection of electrical 

and mechanical including 
instrumentation

•	 HT, LT Panels, Transformers, 
Pressure Gauges and Flow Meter

•	 Operation & Maintenance for 3 
year

The Impact
The aim of the project is to reduce 
the impact of water contamination 
in the area by treating the generated 
industrial wastewater as per 
the standard and guideline of 
pollution control. With the advent 
of technology and the situation of 
water crisis in the country, we need 
to understand that the treatment of 
industrial wastewater that leads to 
reuse of it for specific purposes are 
becoming important.About SPML 
Infra Ltd.:

SPML Infra is a leading infrastructure 
development company in India with 
about four decades of experience, 
it has executed more than 600 
projects and created significant value 
for the country that has touched 
the lives of millions of people; be it 
provision of drinking water, improved 
sewerage facilities, better municipal 
waste management, and lighting up 
homes. SPML Infra provides drinking 
water facilities to more than 50 
million Indian populations through 
various projects. It features amongst 
the World’s Top 50 Private Water 
Companies as per Global Water 
Intelligence, London.

To know more about the contributor 
of this case study, you can write to us. 
Your feedback is welcome and should 
be sent at: deepak.chaudhary@
eawater.com.

(This article is being reproduced from 
Everything About Water Magazine 
December issue 2020 with due cerdit to 
SPML Infra Ltd.)

The Naraina CETP is an important 
industrial wastewater project ex-
ecuted by the company. SPML Infra 
is putting best efforts in creating 
wastewater treatment and reuse 
facilities while contributing towards 
environmental sustainability by 
managing wastewater effectively 
and not allowing it to harm our 
ecosystem.        

Naraina CETP-2

Alkali Bulletin January 2021 | 17



Water-Based Epoxy Technologies for Metal Coating 
Applications

Dr. Daniel Suckley 
Aditya Birla Chemicals (Thailand) Ltd., Advanced Materials

ABSTRACT 
Epoxy resins are well known as high performance materials in various construction and metal coating applications, providing the 
combined properties of chemical resistance, adhesion, corrosion resistance and mechanical strength. They are one of the best 

materials available when comparing performance against relative cost, and this has, in turn, led to epoxies being the substance of 
choice for use as flooring materials and for the corrosion protection of metal. 

Epoxy resins are often supplied as a two-component system, comprising a resin and a curing agent. Increasing environmental 
concerns worldwide has led industries to experience a gradual shift towards water-based technologies as limits on emissions, 
VOC content and safety rulings become more prevalent across the world. Epoxy resins, by their very nature, are fundamentally 

incompatible with water, and careful design of the molecule – be it the curing agent or epoxy resin – is crucial to deliver the products 
in aqueous media, but, when fully cured, give the same high performance as conventional epoxy-based materials. This careful design 

often leads to performance that exceeds that of conventional technologies, which this paper intends to describe in detail.
High molecular weight resins can be supplied at low easy-to-use viscosities giving performance advantages in the coating, such 

as fast drying times and long pot lives. Curing agents were designed with low amine contents through careful adjustments to their 
chemical structure, giving a perfect balance between water miscibility and full compatibility with epoxy resins. The combined water-

based resin and hardener system is further formulated in a 2-pack corrosion protection coating that give high performance even 
when applied at relatively low dry film thickness, and is comparable to that achieved with conventional solvent-based coatings.

INTRODUCTION
Epoxy resins are well known as high 
performance materials in various 
construction and metal coating 
applications, providing the combined 
properties of chemical resistance, 
adhesion, corrosion resistance, 
mechanical strength and also high 
flexibility in some cases.

Figure 1 illustrates how these 
favourable properties can be directly 
related to the resin chemical structure, 
which is available most commonly in 
the form of bisphenol-A diglycdidyl

ether (BADGE). BADGE is formed 
from the reaction of bisphenol-A and 
epichlorohydrin, which when further 

reacted with an appropriate curing 
agent will eventually form a thermoset 
polymer, with aromatic groups from 
the bisphenol-A component evenly 
distributed throughout the entire 
structure.

Epoxy resins are one of the best 
materials available when comparing 
performance against relative cost 
and this has, in turn, led to epoxies 
beingthe substance of choice for 
use in many high-performance 
polymeric applications. It is only their 

Fig. 1: The chemical structure of a BADGE
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disadvantage of poor UV stability that 
prevents them from having a more 
dominant position.

Epoxy resins can be reacted with 
different curing agents and a particular 
resin and curing agent combination is 
often referred to as a system. Figure 
2 shows the two different points of 
reactivity in a typical resin molecule, 
namely the end epoxy ring and the 
side hydroxyl group. Both of these 
functional groups can react at either 
ambient or elevated temperature, 
thus allowing the formulation of both 
1-pack and 2-pack curing systems 
from the majority of epoxy resins 
available commercially. For a 1-pack 
system the resin and curing agent can 
be combined together well in advance 
of its actual application, as the system 
will either not react at all or react very 
slowly at ambient temperature. After 
application of these 1-pack systems, 
when heat is applied, the curing 
reactions occur much faster and the 
final polymer is formed. For a 2-pack 
epoxy system the resin and curing 
agent have to be kept apart until just 
prior to their application, where they 
are combined together leading to an 
initiation of chemical reactions, which 
forms the final polymer. Therefore, 
the applicator has a finite time period 
after mixing of the resin and curing 
agent, to use and apply the material 
before the growing molecular weight 
of the system becomes so high that it 
cannot be used anymore. This time 
period is commonly referred to as the 
pot life and 2-pack epoxy systems are 
often further formulated by adding 
pigments, fillers, additives etc. for use 
in coating and civil applications.

This paper is mainly concerned 
with coating applications of epoxy 
resins, and by their very nature 

most polymeric coating applications 
require the resin be applied as a thin 
film onto another material substrate. 
For coatings applied in liquid form, 
the viscosity has to be relatively low 
to allow a consistent thin film to be 
achieved on the substrate surface. 
In the case of ambient-cured 2-pack 
epoxy systems, the low viscosity is 
generally achieved by dissolving the 
resin and curing agent monomers into 
a type of solvent, which will evaporate 
over time after application, allowing a 
liquid film to form and subsequently 
be converted into a solid thin film.

Figure 3 gives an overview of the 
main stages that occur during the 
filmforming mechanism of an applied 
liquid coating. For liquid epoxy 
systems: the mixed resin and curing 
agent, either dissolved or dispersed in 
a liquid, is applied onto the substrate; 
the solvent gradually evaporates 
forcing the monomers to move closer 
together; when most of the solvent 
has left the system the monomers start 
to coalesce together as the growing 
polymer chains start to intertwine 
with each another; the solvent has 
completely left the coating and curing 
reactions continue in the solid film 

forming a high molecular weight 
thermoset polymer.

The solvent used during this process 
is effectively emitted into the 
atmosphere and is classified as a  
Volatile Organic Compound (VOC), 
creating a degree of air pollution 
during the coating process.

Increasing environmental concerns 
over the past decades have resulted 
in limits being imposed worldwide, 
on the quantity of emissions allowed 
during various industrial and 
commercial coating applications. 
These limits have led many industries 
to experience a gradual shift away 
from traditional solventbased coatings 
towards water-based technologies.

In its simplest definition waterbased 
coating technologies involve using 
water as the main carrier medium of 
a liquid applied coating, instead of 
an organic solvent, thus effectively 
reducing the amount of VOC’s that 
are emitted during application (as 
water is not classified as a VOC).

Epoxy resins, by their very nature, 
are fundamentally incompatible with 
water and this is one aspect that 
makes them very useful as protective 
coatings, in particular for corrosion 
protection. If an organic solvent is 
replaced with water, careful design of 
the monomer structure is crucial – be 
it a curing agent or an epoxy resin – in 
order to deliver a high-performance 
coating. The liquid coating has to 

Fig. 2: Reactive sites on a standard epoxy resin

Fig. 3: Film-forming mechanism of liquid-applied coatings
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be delivered in aqueous media, but 
when fully dried and cured it must 
give the same high performance as 
conventional epoxy-based materials.

One solution is to supply the epoxy 
resin in emulsion form, having the 
epoxy resin located within a dispersed 
phase surround by an aqueous 
continuous phase. As with most 
emulsion technologies, the dispersed 
phase is created using surfactants, 
which form micelles in water above 
a specific concentration. Since 
the base epoxy resin is essentially 
separate from water there is no need 
to drastically modify its chemical 
structure and it exist in essentially the 
same form as a conventional epoxy 
resin with its chemical structure 
unaltered. Moreover, the two-phase 
nature of aqueous emulsions enables 
them to exist as relatively low viscosity 
liquids.

The use of surfactants however does 
form a ‘weak link’ in the final dried 
coating, in terms of performance.

Since surfactants are required to 
have part of their chemical structure 
compatible with water, the presence 
of a surfactant in the final solid coating 
will lead to some water sensitivity. 
Moreover, if the molecule is small, 
it can migrate to the coating surface 
leading to increased water sensitivity 
of the coating as a whole, in addition 
to affecting inter-coat adhesion.

To counteract this effect the products 
described in this paper employ a 
non-ionic surfactant at a minimal 
concentration. Moreover, the 
surfactant structure contains reactive 
epoxy groups, allowing the surfactant 

to cure alongside the base resin, 
effectively ‘locking’ the surfactant in 
place, preventing any migration to the 
coating surface.

This is illustrated in Figure 4.

The two-phase nature of emulsions, 
as already explained, means that their 
final viscosity at a fixed solids level 
remains independent of the molecular 
weight of the epoxy resin within each 
micelle. Therefore, it is possible to 
supply a wide range of epoxy resins in 
emulsion form at relatively high solids

level (> 50%), but still at a useable 
viscosity. This is not the case with 
solventbased technologies, where 
the solution viscosity increases 
significantly with the molecular weight 
of the epoxy resin being solubilised.

Two-pack, ambient cured, waterbased 
two main categories:

•	 Liquid epoxy resin (100% solids) 

with water-based curing agent; and
•	Water-based epoxy resins with 

water-based curing agents.

When liquid epoxy resin is used, the 
water-based curing agent serves two 
main functions. It chemically reacts 
with the epoxy resin as a curing agent 
should, to form the final polymer. 
However, it also acts like an emulsifier, 
so that when the parts A and B of 
the system are mixed together, a 
homogenous emulsion is formed with 
the resin and curing agent reacting 
together within micelles, which will 
eventually coalesce and form a solid 
polymer as the water evaporates.

When both a water-based epoxy 
resin and water-based curing agent 
are used the curing agent molecules 
diffuse into the epoxy-containing 
micelles to allow reaction and 
creation of the final polymer. In this 
case, it is important that the epoxy 
micelles are as small as possible, so 
that full cure is achieved in the final 
coating.

In both situations there are two end 
results possible: the mixed emulsion 
can either eventually break down, 
leading to a significant increase in 
viscosity; or it may stay as a stable 
emulsion and the mixed viscosity can 
remain relatively unchanged. The first 
scenario is described as exhibiting an 
‘end of pot life’ indication.

Fig. 4: The basic composition of a high-performance water-based epoxy resin

Fig. 5: Viscosity rise profile of a water-based type 1 epoxy emulsion (WB epoxy) and a liquid 
epoxy resin (YD 128) cured with same curing agent
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For coating applications, epoxy resins 
with higher molecular weight and 
consequently higher epoxy equivalent 
weight (EEW) are generally preferred 
to standard liquid epoxy resins. Their 
increased molecular weight provides

many advantages for coating 
applications, specifically longer pot 
lives, coupled with faster drying 
times. These differences are illustrated 
in Figures 5 and 6, which show 
respectively the pot life and drying 
time measurements for two water-
based epoxy systems cured with liquid 
epoxy resin (EEW = 190 grams per 
equivalent) and water-based type 1 
epoxy resin (EEW of 475 grams per 
equivalent). The curing agent is the 
same in both systems. The longer pot-
life observed with the water-based 
epoxy is very apparent by its very slow 
viscosity rise, which is almost constant 
for the first 3 hours. The liquid epoxy 
resin on the other hand shows a very 
rapid increase in viscosity within the 
first 30-40 minutes. The water-based 
epoxy system consequently does not 
have an end of pot life indication 
and the pot life is determined by 
measuring the gloss retention of the 

dried coating when applied over time. 
In this case. Figure 4 clearly shows 
that the gloss level is maintained for 
nearly 3 hours before it starts to drop 
significantly and hence the useable 
pot life of this particular system is 3 
hours. 

Figure 6 shows the other main 
advantage of using higher molecular 
weight epoxy resin in coating 
applications. When you apply a liquid 
coating that contains monomers 
that themselves already have higher 
molecular weight, then an ultra-high 
molecular weight polymer is formed 
much more quickly and the coating 
has an overall much faster drying 
time.

Figure 6 shows how the water-based 
epoxy coating dries at less than 
half of the time of the liquid epoxy 
resin based coating, thus providing 
additional favourable properties such 
as fast ‘tackfree’ and shorter overcoat 
times.

The curing agents used in 
ambientcured 2-pack water-based 
epoxy systems are predominantly 
based on either aliphatic or 

cycloaliphatic amines with high 
coating performance being heavily 
influenced by the compatibility 
between the resin and curing 
agent. For all 2-pack systems, the 
components should be used in the 
correct mixing ratio and a thorough 
mixing of both parts should be 
achieved prior to application.

Since the A+B mixed emulsion 
ultimately determines the final 
performance, the amines used in 
curing agents are often chemically 
modified to make them more 
compatible with epoxy resin. 
Modification can take several forms 
including: reacting with fatty acid 
to produce an amidoamine or 
polyamidoamine; or pre-reaction 
with an epoxy resin to form an 
epoxy-amine adduct. The epoxy 
section of the adduct thus aids resin 
compatibility.

With water-based curing agent 
technology, the design of the epoxy-
amine adduct structure gets more 
complicated since good compatibility 
is required between the molecule 
and water, and between the molecule 
and epoxy resin, which are two 
opposing forces. Therefore, a high 
performing water-based curing agent 
would have a molecular structure that 
behaves similar to a surfactant, in that 
it is a block co-polymer consisting 
of very hydrophilic segments, very 
hydrophobic segments and some 
partially hydrophilic/hydrophobic 
segments to allow the molecule to 
be compatible with all species. The 
hydrophilic blocks mainly come from 
the amines used (AM), whilst the 
hydrophobic portions come from pure 
epoxy used in the adduction (EP). 
There are many additional di-epoxide 

Fig. 6: Drying times of a water-based type 1 epoxy emulsion (WB epoxy) and a liquid epoxy 
resin (YD 128) cured with same curing agent

Fig. 7: The generic chemical structure of a water-based curing agent
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species available commercially that 
can be used in the molecular synthesis 
to influence a partial hydrophilic 
interaction (HP) in the end product. 
A generic description of the overall 
curing agent molecule is shown in 
Figure 7.

Tables 1a and 1b show the physical 
specifications of the water-based resin 
and curing agent products used to 
make a corrosion protection coating.

•	 Cetepox 484 R is a water-based 
emulsion of Type 1 epoxy resin 
supplied at 53% solids level in 
mainly water, plus a small content 
of methoxy propanol. Being an 
emulsion, the viscosity of the 
product is very low at less than 
1500 Centipoise at 25°C, making 
it easy to incorporate pigment and 
fillers or to develop a sprayable 
water-based coatings without 
having too low a solids level. The 
mean particle size is also less 
than 1.1 microns, allowing good 
penetration and through-cure of 
the curing agent within the epoxy 
micelles.

•	 Epotec THW 4510 is a water-based 
curing agent based on a relatively 
high molecular weight epoxy-
amine adduct. It is supplied in 
solution form at 60 % solids level 
and contains no added solvent.

Water-based epoxy coating 
development
This water-based epoxy and curing 
agent are fully compatible when used 
in combination and employed in a 
variety of coating applications. The 
minimal solvent content in both the 
resin and the curing agent allows the 
formulation of coatings with a very 
low VOC level. When the epoxy and 
curing agent is mixed together a stable 
homogenous emulsion is formed 
where the curing agent molecules can 
penetrate the micelles of the epoxy 
resin emulsion and polymerisation 
reactions commence. The chain 
extension and crosslinking reactions 
ultimately form the final thermoset 
polymer within the micelles, but 
there is no breakdown of the micelle 
structure and hence this system does 
not have a visible end of pot life. This 

is illustrated in Figure 8, which shows 
the viscosity profile over time of the 
mixed system and is virtually constant 
over several hours.

Since the pot life does not visibly 
end, the actual useable pot life of 
the system has to be determined by 
measuring other coating properties. 
The growing thermoset polymer will 
eventually attain a molecular weight 
high enough so that coalescence is 
not possible after the liquid emulsion 
has been applied, resulting in a poor 
final coating appearance and very 
poor protective properties. Figure 
8 shows the coalescing behaviour 
of the system when applied as a 
clear-films over time after the initial 
mixing. It is evident from the pictures 
that the clarity of the film starts to 
decrease around the 4-hour mark and 
a cloudiness becomes more evident 
as the clear film dries. This signals 
a restriction in coalescence of the 
coating and thus the end of the usable 
pot life for this system.

For use as a viable corrosion rotection 
coating the water-based system based 
on Cetepox 484 R and Epotec THW 
4510 has to be further formulated to 
give the desired overall performance. 
This generally involves incorporating 
pigments and fillers into either the 
resin or the curing agent component. 
It is more advantageous to formulate 
into the resin component, since its 
low viscosity allows the incorporation 
of many pigments and fillers without 
the viscosity of this part becoming 
excessively high. To avoid affecting the 
emulsion stability of the water-based 
epoxy by applying excessive shear, 

Table 1a: Physical specifications of water-
based epoxy (Cetepox 484 R) 

CeTePox 484 R

Appearance Milky white –

EEW(Solid) 490-550 g/eq

Viscosity 
@25oC* cPs

300-1300  cPs

Solid contents 50-55 %

Density @23oC 1. 06-1.1 g/
cm3

Table 1b: Physical specifications of water-
based curing agent (Epotec THW 4510) 

Epotec THW 4510

Appearance Yellowish 
liquid

–

AHEW(F.O.D) 227.2 mgKOH/g

Viscosity 
25oC* 

23575 cPs

Solid contents 60 %

Density 
@23oC

1.0912  g/cm3

Fig. 8: Viscosity profiles and coalescing behaviour of the base system (resin and curing agent)
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the formulated part A is prepared 
by first making an aqueous pigment 
dispersion and adding the epoxy 
as one of the last components. The 
water-based system is best formulated 
with a Pigment Volume Content (PVC) 
in the range 30-35%, and it is typically 
formulated using zinc phosphate 
based anti-corrosive pigments.

Appendix A describes the formulation 
used for generating the performance 
data described in the remainder of 
this paper. The formulation itself has 
a pigment volume content of 30% by 
weight and offers a VOC level of less 
than 100 grams per litre and provides 
a range of other favourable coating 
properties which are described in the 
table in Appendix B.

Again, for an absolute determination 
of the useable pot life of this coating 
formulation, it is necessary to check 
the overall performance of the coating 
over time, after the initial mixing of 

the Parts A and B. Figure 9 shows 
the results of one such test where 
the adhesion of the fully formulated 
coating applied onto mild steel 
panels, was measured with time. 
Strong adhesion to the substrate is 
just one of the important properties 
a coating must have if it is to exhibit 
good protective properties. Figure 9 
illustrates the results of a cross-hatch 
adhesion test following the standard 
method ISO 2409:1992. The figure 
shows how there is no adhesion loss 
of coating even after 4 hours.

Performance testing
The main purpose of this type of 
coating is for corrosion protection 
of metals and the performance is 
typically evaluated with the aid of 
a salt spray chamber that provides 
accelerated corrosive conditions for 
evaluating coated test panels.

Figure 10 shows the appearance of 

mild steel panels coated with the 
waterbased coating described in 
Appendix A at a dry film thickness of 
50 microns. These panels underwent 
salt spray exposure for 2,000 hours, 
in line with the standards ASTM 
B117-16 and ISO 9227:2006, and 
the two pictures show both the fully 
coated panel after removal from the 
salt spray chamber (slight clean-up 
of the surface) and the panel with 
the coating around the scribe mark 
deliberately removed.

The panels are evaluated after 
exposure in terms of blisters on the 
surface of the coating, the creepage 
of the rusting from the centre of the 
scribe mark and the degree of rusting 
on the metal surface underneath the 
coating after it has been removed. 
Figure 10 shows how the creepage 
from the centre of mthe scribe line 
is no greater than 0.5 millimetres in 
length, there is minimal blistering on 

Fig. 9: Adhesion properties of the formulated coating throughout its pot life

Fig. 10: Appearance of coated panels after 2000 hours of salt spray exposure (ASTM B117)
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168 Hours Salt Water Immersion

Test Description Test Standard Primer Type II 
Specification

Test Result

Panel 
Evaluation

Coating 
Appearance

ASTM D714-
02(2009)

No Film Change Pass

Blistering 10 10

Rust Creepage $ 0.5 $ 0.5

Adhesion GB/T9286/ISO 
2409:1992 

$ 1/1 0/0

Table 2: Panel evaluation after 2000 hours salt spray exposure

Test Description Test Standard Water-based 2-K 
Coating

Solvent-based 2-K 
Coating

Rusting Blistering GB/T1771-2009 10 9

Maximum rust 
creepage

ASTM D714-
02(2009) 

0.5 mm 1.25 mm

Adhesion GB/T9286/ ISO 
2409:1992 

0 / 0 0 / 0

the surface of the coating and also 
on the expose metal underneath the 
coating. Adhesion testing after salt 
spray exposure also shows that no 
loss of adhesion occurs over time, 
thus confirming the formulation 
as a high-performance corrosion 
protection coating even when applied 
at relatively low film thickness.

Since water-based corrosion 
protection coatings are increasing 
being used in marine environments 
such as for the protection of 
shipping containers, another 
common performance test is the salt 
water resistance test. This involves 
immersing a coated panel in a 5% 
sodium chloride aqueous solution and 
once removed the panel is evaluated 
in a similar fashion to salt spray 
exposure.

Figure 11 shows the data and 
appearance of the coated panels after 
168 hours of salt water immersion. 
As with the salt spray exposure result, 
the coating formulation exhibits no 
blistering, minimal rust creepage 
from the centre of the scribe and 
coating adhesion is not affect by the 
immersion.

CONCLUSIONS
For many years the main technology 
for corrosion protection coatings 
has been two-component solvent-
based epoxy coatings. The epoxy 
portion would typically be based 
on a Type 1 solid epoxy resin that 
had been dissolved in solvent 
and the hardener portion would 

typically be polyamidoamine 
based. Figure 12 compares the 
coated panel appearance of both 
technologies when tested for 
corrosion resistance under the same 
accelerated conditions. For both 
panels blistering on the surface of 
the coating is completely absent and 
the adhesion of both coatings has 
not been diminished. The length of 
the rust creepage from the centre 

of the scribed areas on the metal 
panel is also generally the same with 
some localised areas on the solvent-
based panel being in excess of one 

Fig. 11: Test data and coating appearance after salt water immersion

Fig. 12: Appearance of a water-based and a solvent-based coated panel after 2000 hours 
salt spray exposure (ASTM B117)
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Appendix C: Formulation for a 2-Pack solvent-based corrosion protection coating

  Part A Wt/gm Supplier

1 YD011X75 280.00 Aditya Birla Chemicals Ltd.

2 Heucophos ZPA 150.00 Heubach

3 Portaryte B15 100.00 Sibelco Specialty Minerals

4 FinnTalc M-15 100.00 Elementis

5 Bayferrox 130M 150.00 Lanxess

6 MIBK 80.00 Local

7 Xylene 110.00 Local

8 n-Butanol 30.00 Local

Total 1000.00
 Part B Wt/gm

1 TH7515X70 106.00 Aditya Birla Chemicals Ltd.

2 Xylene 59.00 Local

3 Dowanol PM 35.00 Dow Chemicals

Total 200

Appendix A: Formulation for a 2-pack 
water-based corrosion protection 
coating

Part A

DI Water 9.49

Bentone EW 0.29

DisperBYK 194n 1.43

BYK 018 0.14

Additive F2M 0.38

Halox 550 1.59

TiO2 11.54

Bayferrox 318 M 1.71

FinnTalc M-15 8.41

BaSO4 10.58

Heucophos ZAM plus 7.70

Isopropyl Alcohol 1.92

Dowanol PM 0.45

Cetepox 484 R 44.25

BYK 024 0.10
Part B

Epotec THW 4510 6.88

DMP-30 0.07

DI Water 0.88

be applied up to three hours after 
the initial mixing as a clear coating 
and up to four hours as a fully 
formulated coating without the loss 
in performance. The system can be 
formulated with intermediate Pigment 
Volume Content in the range 30-35 % 
to give high corrosion resistance even 
at low coating thickness. Salt spray 
resistance in excess of 2,000 hours is 

millimetre. The actual formulation for 
the solvent-based coating is shown 
in Table C. Thus when considering 
overall data it can be concluded 
that this water-based technology can 
deliver perrfomance equal to that of 
standard solvent based in corrosion 
protection applications.

SUMMARY
Water-based epoxy resin and curing 
agents have been developed that 
can be used together as a system to 
provide corrosion protection coatings 
with low VOC content, less than 100 
grams per litre. The epoxy resin is 
an emulsion with higher molecular 
weight which produces coatings 
with longer pot lives and fast drying 
times, especially when compared 
to coatings based on liquid epoxy 
resins. The resin and curing agent 
combination do not provide an end 
of pot life indication, but can still 

achievable without any detrimental 
effect to the coating or significant loss 
of performance. The water-based 
metal coating was also compared 
against a typical solvent-based epoxy 
coating and no significant difference 
was observed.

(Reproduced with permission from 
Chemical Weekly, 05 Jan 2021)

Appendix B: Summary of the main coating properties

Test Property Units  Primer Type II 
Sepcification

Test Result

In-Can Stability –  Homogenous no 
hard settlement

Pass

Film Appearance –  Smooth, no 
abnormal

Smooth

Storage Stability – No abnormal Pass

Film Colour – – Grey

Fineness of Grind μm ≤50 5-10

Recoat Interval Time mins ≤30 30

Drying Time mins ≤1hr 30

Pot Life hrs 3 3.5

Solids Content (by weight) % ≥40 47.6

Solids Content (by volume) % ≥55 64.09

Adhesion – 1 0

Flexibility mm ≤3 ≤3

Impact Resistance Kg/m2 ≥0.5 2.00
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January 2021Material identification – the first link in the process safety system

An operator was adding a raw material from many 
drums. All the drums were black with white ends and had 
blue & white labels. After adding ~20 drums, the 
operator noticed a drum that had a different name on it. 
Same black and white drum, same blue and white label. 
It was a different material than specified. He called the 
engineer who told him not to add the drum and isolate it 
until proper handling could be determined. 

What would have happened had he blindly added that 
material? That is unknown, but at a minimum, it would 
have been a major quality problem, cost the company a 
lot of money and perhaps a missed order. 

What safeguards failed? The supplier made an error 
when loading drums onto the pallets. The person 
receiving the material at the company warehouse also 
missed the one odd drum among many were received in 
that shipment. All these systems are based on people 
following their procedures and paying attention to what 
was being handled. 

Like this example, many chemical handling operations 
are highly reliant on people performing their jobs 
correctly. "Many process safety systems depend on 
chemicals being correctly identified when received. 
Electronic scanning of incoming materials can improve 
accuracy of receiving  chemicals IF they are properly 
labelled by the supplier.

Properly receiving chemicals is a critical step that protects all processes downstream. 

• Chemical receiving systems, whether containers or bulk, are based on 
administrative controls. People need to follow their procedures and be 
attentive to details all the time. A brief lapse in attention can result in a 
serious event. 

• Humans make mistakes despite the focusing their attention on the task 
being performed. Even highly trained personnel like pilots and astronauts 
are only 99% correct. 

• Some companies use the “four-eyes principle.” This means having 
another person observe the set-up or operation to verify the procedure 
is being followed and all . There have been many incidents where a bulk 
material was pumped into the wrong tank with serious consequences. 
Some of the impacts were overfilling and a spill. Other errors resulted in 
reactions, fatal toxic releases or contamination of the tank and financial 
loss. 

• Many containers look the same – drums, IBCs, and railcars. That makes 
proper labeling very critical.

• Many bulk loading/off-loading events have been caused by using 
incorrect equipment – wrong hose material or using the wrong fork truck 
to move semi-bulk containers like Intermediate Bulk Containers (IBCs) for 
liquids and Flexible Bulk Intermediate Containers (FIBCs) for solids.

Chemical containers often look very similar

Did You Know?

What Can You Do?

Messages for Manufacturing Personnel
www.aiche.org/ccps/process-safety-beacon  

Chemical 
drums

Intermediate Bulk 
Containers (IBCs)

Flexible Intermediate Bulk 
Containers (FIBCs) 

• Always follow the procedure for handling materials in bulk or in 
containers and whether using the containers of material as a 
customer or filling them as a supplier. If there are errors in the 
procedure, mark-up the errors and give them to your supervisor for 
editing.

• Use only approved equipment for chemical transfer whether in 
containers or in bulk. 

• Pay extra attention to the labels both those that are on the container 
from the vendor and those being applied for internal use. Even very 
small containers like lab samples need to be properly labelled

• Bulk shipments have a different types of labeling, when receiving 
these verify the contents BEFORE off-loading. Some companies 
sample the shipment for lab analysis to verify the contents vs 
accepting shipping paperwork. When shipping bulk containers verify 
all the documentation is complete and correct.

Railcars
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 MPs to play an Active Role in making JJM A 
‘Jan Andolan’ - Ministry of Jal Shakti to focus on 
community mobilization

PIB | 30 January, 2021
Recognizing the key role MPs, the elected representatives 
can play in mobilizing the local community and 
empowering them to ensure assured piped water supply 
in rural homes, provisions have been made in the 
implementation of JJM to enable their participation to make 
JJM – Har Ghar Jal, a ‘Jan Andolan’. The National Jal Jeevan 
Mission (NJJM) issued an advisory to States elaborating on 
the roles; the Members of Parliament can play in achieving 
the goal of the Mission.

JJM is being implemented in partnership with States to 
provide functional tap water connection to every rural 
home by 2024. JJM is a decentralized, demand-driven 
and community-managed programme with the Gram 
Panchayat and/ or its sub-committee, i.e. Village Water & 
Sanitation Committee (VWSC)/ Pani Samiti/ User Group, 
etc. playing a key role in planning, implementation, 
management, operation and maintenance of in-village 
water supply systems. The Mission envisions to empower 
Gram Panchayat and/ or its sub-committee, i.e. VWSC/ 
Pani Samiti to function as a ‘local water utility’ that focuses 
on water supply service delivery. Thus, efforts are being 
made to involve local community to make water everyone’s 
business.

Every village has to prepare a 5-year Village Action Plan 
(VAP) co-terminus with 15th Finance Commission by 
dovetailing all resources available under various schemes/ 
programmes in the village e.g. MGNREGS, 15th FC grants 
for PRIs, JJM, SBM(G) and other sources like District Mineral 
Development Fund (DMDF), CSR Fund, MP/ MLA Local 
Area Development Funds, public contributions, etc. 
 
Starting with involvement of MPs in District Water 
&Sanitation Mission (DWSM), which includes review 
of progress of JJM in districts; promote community 
engagement and participation; prioritize convergence with 
MPLAD funds and other centrally sponsored scheme funds; 
resolution of bottlenecks in implementation of schemes; 
and overall to ensure that implementation of Jal Jeevan 
Mission - Har Ghar Jal is being done in accordance with 

provisions of the Operational Guidelines of the mission, so 
that every rural household gets assured potable tap water 
on regular and long-term basis. 
 
MPs are already nominated as Co-Chairperson of 
the District Level District Development Coordination 
& Monitoring Committee (DISHA) of the Ministry of 
Rural Development. Their inputs/ suggestions would be 
considered while finalizing the District Action Plan (DAP) 
for 100% coverage for provision of drinking water in all rural 
households of the districts in their constituencies. 
 
With union Government’s focus to improve the ‘quality of 
life’ and bring ‘ease of living’ of the people living in rural 
areas, involvement of the Members of Parliament in this 
flagship programme will make Jal Jeevan Mission,a people’s 
movement, i.e. Jan Andolan.

3 crore families connected with piped water 
supply under Jal Jeevan Mission so far: 
President

The Times | 23 January, 2021
Three crore families have been connected with piped water 
supply under the JJM so far, President Ram Nath Kovind 
said on Friday. In his address to the joint sitting of both the 
houses of Parliament, the President said B R Ambedkar was 
not only the principal architect of the Indian Constitution 
but also guided the development of the country’s water 
policy. “Water is Wealth. Water being the wealth of the 
people and its distribution being uncertain, the correct 
approach is not to complain against nature but to conserve 
water,” the President said quoting Ambedkar. He said 
drawing inspiration from Ambedkar, the government is 
working on the ambitious scheme of ‘Jal Jeevan Mission’. 
“Besides delivering water to every household (Har Ghar Jal), 
work on water conservation is also progressing at a rapid 
pace. I am happy to say that under this scheme, 3 crore 
families have been connected with piped water supply so 
far,” he said

“Under this scheme, water connection is being provided on 
priority to brothers and sisters belonging to the Scheduled 
Castes and Scheduled Tribes as well as other deprived 
sections of the society,” he added. JJM aims to provide 
piped drinking water to all rural households by 2024. 

Jal Jeevan Mission - An Update
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https://economictimes.indiatimes.com/news/politics-and-
nation/3-crore-families-connected-with-piped-water-
supply-under-jal-jeevan-mission-so-far-president/article-
show/80585274.cms

Rural Women to help monitor Tap Water 
Quality

Hindustan Times | 23 January, 2021
The government will put up inexpensive water-quality 
testing infrastructure accessible to every village to achieve 
the mission, Jal Shakti minister Gajendra Shekhawat in 
his keynote address at the Hindustan Times Environment 
Conclave.

The Centre will train five women from each village to test 
the quality of water as part of the ambitious JJM, which 
aims to provide safe and adequate drinking water through 
individual tap connections by 2024 to all households in 
rural India, Jal Shakti minister Gajendra Shekhawat said on 
22.01.2021.

https://www.hindustantimes.com/environment/rural-women-
to-help-monitor-tap-water-quality-101611360888088.html

Centre pats Telangana State on Rural Water 
Supply

Navya Media | 21 January, 2021
The Centre today appreciated Telangana state for 
achievement of supplying 100 percent potable water to 
rural areas.

Union Jal Shakti Minister, Gajendra Singh Shekhavat in 
Twitter gave pat to Telangana State for supply of water to 
villages.

Shekhawat said that the Centre will soon take up a similar 
program to provide potable water to rural pockets across 
the country. The Minister tweeted that Goa followed suit 
and also achieved similar target to give purified drinking 
water to its rural people.

The centre has similar plans to give purified waters to 
villages which are so far deprived of that facility he 
said. Both Telangana and Goa states have achieved 100 
percent HFTC, the union minister said. A total 54 lakhs of 
households are getting pure water, he added.

https://navyamedia.com/tag/rural-water-supply/

PHE Restoration Team Braves Difficult 
Conditions to ensure Tap Water to every 

household in Kashmir

Business World | 07 January, 2021
Kashmir (J&K) January 7 (ANI): The restoration team of 
the Public Health Engineering (PHE) department of the 
Jammu and Kashmir government on Wednesday was seen 
heading towards Khanchi ‘water head’ site under extremely 
difficult conditions to ensure tap water to each household in 
Kashmir.

In a video shared by JJM, Department of Drinking Water 
and Sanitation, Ministry of Jal Shakti, the PHE team was 
seen clearing snow accumulated following heavy snowfall in 
the valley.

The JJM under its project ‘Har Ghar Jal’ aims to assure piped 
water supply to every home by 2024.

The intended purpose of PHE Department Kashmir is to 
ensure drinking water facility to all the habitations, rural as 
well as urban. 

http://www.businessworld.in/article/PHE-restoration-team-
braves-difficult-conditions-to-ensure-tap-water-to-every-
household-in-Kashmir/07-01-2021-362437/

Kurukshetra in Haryana becomes 27th ‘Har 
Ghar Jal’ District of Country

News Vibes of India | 07 January, 2021
Kurukshetra in Haryana has become the 27th Har Ghar Jal 
district of the country to ensure tap water supply to every 
rural home under JJM, an initiative of the Jal Shakti Ministry.

In a tweet, JJM stated, “Kurukshetra in Haryana becomes 
the 27th Har Ghar Jal district of country, i.e. every family 
in rural area of this district has assured tap water supply in 
home also ensuring ‘no one is left out’ in any village. Jal 
Jeevan Mission – Building partnership, changing lives.”

The tweet also shows a graph, according to which, Goa 
was the first state in the country to provide 100 per cent 
Functional Household Tap Connections (FHTCs) and 
became ‘Har Ghar Jal’ State.

https://newsvibesofindia.com/kurukshetra-in-haryana-
becomes-27th-har-ghar-jal-district-under-jal-jeevan-mis-
sion-49019/#:~:text=Kurukshetra%20in%20Haryana%20
becomes%2027th%20Har%20Ghar%20Jal%20district%20
under%20Jal%20Jeevan%20Mission,-January%20
2%2C%202021&text=New%20Delhi%20(NVI)%3A%20
Kurukshetra,of%20the%20Jal%20Shakti%20Ministry.
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General
GDP growth for FY20 
revised downwards to 4% 
from 4.2%
The Economic Times | 30 January 2021

India’s economy expanded at a much 
slower rate than initially estimated 
in 2019-20, according to revised 
numbers released by the government, 
reinforcing views that economic 
growth had already moderated before 
the Covid-19 pandemic.

The statistics office revised the growth 
rate for India’s gross domestic product 
(GDP) for fiscal 2020 to 4% from 4.2% 
earlier. However, the growth estimate 
for FY19, was raised to 6.5% from 
6.1%. As per the estimates, the savings 
rate rose in the last two years.

Gross savings as a percentage of 
gross national disposable income for 
2019-20 is estimated at 30.9% against 
the revised estimate of 30.1% for 
2018-19. The earlier gross savings was 
at 29.7% for FY19, the lowest since 
2010-11 new base data.

The gross value added (GVA) grew 
4.1% in 2019-20, driven by higher 
growth in agriculture and allied 
activities; trade, hotels, transport; and 
financial, real estate and professional 
services. It was previously estimated 
at 3.9%.

The revised data showed that gross 
fixed capital formation (GFCF) – an 
indicator of investment- expanded by 
5.4% in FY20 in contrast to the earlier 
estimate of a 2.8% contraction.

Covid-19 pandemic 
has accelerated digital 
transformation across 
sectors: Satya Nadella
Financial Express | 29 January 2021

The pandemic has “fundamentally 
accelerated” the process of digital 
transformation across industries, and 
companies equipped with digital 
technology are going to be more 
resilient and be able to adapt faster to 
any tail event, Microsoft CEO Satya 
Nadella said.

“What we were going to think about 
during 2030 is probably going to be 
true in 2025,” Nadella added. He was 
speaking at the Resurgence TiEcon 
Delhi-NCR summit.

Nadella said while telemedicine has 
always been talked about in the past, 
the practice will only become more 
prevalent in the coming days. “Now 
every outpatient visit is going to start 
with a telemedicine visit first,” Nadella 
said.

“…digital technology is becoming 
core to both how we think about 
resilience and business continuity as 
well as bringing about that next level 
of productivity change and gaining 
efficiencies across every industry. 
No company can be 100% resilient 
or immune to issues but the bottom 
line is any company that has digital 
technology in its core is going to be 
more resilient and faster to transform 
and adapt to any tail event,” Nadella 
said.

Birla to invest $2.4 billion 
across businesses as 
V-shaped recovery takes 
hold
The Print | 28 January 2021

Indian tycoon Kumar Mangalam 
Birla’s $46-billion metals-to-
telecommunications conglomerate is 
reviving investments, betting India’s 
economy will soon bounce back from 
a recession induced by the pandemic.

As the vaccines roll out, and 
governments and central banks 
provide stimulus, India will be 
among economies to rise above pre-
pandemic levels, the billionaire said 
in a Bloomberg Television interview. 
His Aditya Birla Group has already 
unveiled plans to plow in about $2.4 
billion across businesses in the past 
few weeks, months after putting on 
hold some of its expansion programs 
on account of the Covid-related 
lockdowns.

Birla’s expectations for a rebound 
echo those of India’s central bank, as 
some of the nation’s key indicators, 
including manufacturing, demand 
for loans and consumer purchases, 
showed signs of strengthening. The 
$2.9 trillion economy is set to shrink 
7.7% in the year through March, its 
first full-year contraction in more 
than four decades, according to 
government estimates.

The International Monetary Fund 
forecast an almost 12% gain in gross 
domestic product for Asia’s third-
largest economy in 2021, albeit on 
a low base owing to the pandemic. 
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Barring a second wave, the “worst is 
behind us” with India kicking off a 
vaccination drive against Covid-19, 
the Reserve Bank of India said in its 
January bulletin.

Grasim Industries Ltd., Birla’s flagship 
firm, said last week that it was 
entering the paints business and plans 
to invest 50 billion rupees ($685 
million) over three years. UltraTech 
Cement Ltd. said in December that 
it will spend 54.77 billion rupees to 
increase capacity by 12.8 million tons 
annually while the group’s metals unit, 
Hindalco Industries Ltd. will spend 70 
billion rupees to double its aluminum 
downstream capacity over the next 
few years.

Just in June last year, Hindalco said it 
was slowing down its expansion plans, 
while Novelis Inc., Hindalco’s U.S.-
based aluminum unit, also delayed the 
ramp up of new finishing facilities in 
Guthrie, U.S. and Changzhou, China, 
until the second half of the fiscal year 
to align with demand.

Rs.3-L cr piped water 
scheme in works
The Asian Age | 26 January 2021

India plans to spend Rs 3 lakh crore 
($41 billion) to ensure tap water is 
delivered to every household in the 
next five years, people with knowledge 
of the matter said.

The plan is still under discussion and 
is likely to be unveiled on February 1 
as part of the government’s budget for 
the year starting April 1, the people 
said, asking not to be identified as the 
proposal is not public.

The government plans to improve 
availability of water, modernise sewage 
treatment plants and better utilise the 
country’s water resources, the people 
said.

The project will be part of Prime 
Minister Narendra Modi’s Jal Jeevan 
mission.

According to latest Jal Jeevan Mission 

estimates, 66.16 per cent of the 
country’s 19.17 crore households 
in villages is yet to be provided with 
piped water.

Providing drinking water to the 
country’s 1.3 billion people is a 
pressing issue, as about 200,000 
Indians die every year due to 
inadequate access to safe water and 
600 million face high to extreme water 
stress, according to the Niti Aayog.

UK-based charity WaterAid estimates 
that about 163 million people in 
India, or roughly 12 per cent of the 
population, do not have access to 
clean water close to home.

Every summer water shortages tend to 
be more acute in large cities such as 
New Delhi, Chennai and Bengaluru.

The country has access to only about 
4 per cent of the world’s water 
resources, and farmers consume 
almost 90 per cent of the groundwater 
water available. Nearly 60 per cent 
of the irrigation for agriculture comes 
from ground water, mainly through 
electric water pumps.

Supplying clean drinking water to 
millions of poor people and reviving 
moribund irrigation projects were a 
key part of the Modi government’s 
policies, since the country remains at 
the mercy of rain gods for drinking 
water and farming. The monsoon 
accounts for nearly 70 per cent of the 
annual rains needed to water farms 
and recharge aquifers and reservoirs.

UK-based charity WaterAid estimates 
that about 163 million people in 
India, or roughly 12 per cent of the 
population, do not have access to 
clean water close to home.

Government considering 
continuation of export 
promotion scheme in new 
trade policy
Business Line | 26 January 2021

The Centre is considering the option 

of continuing the Export Promotion 
Capital Goods (EPCG) scheme, which 
allows exporters to import certain 
capital goods used in manufacturing 
without paying duties, for some 
more time, despite a World Trade 
Organisation (WTO) panel ruling that 
the scheme is not consistent with 
multilateral rules.

In ongoing consultations for the 
new Foreign Trade Policy (FTP), the 
Directorate-General of Foreign Trade 
(DGFT) has received a number of 
representations from export bodies 
for continuation of the EPCG scheme, 
an official close to the development 
told BusinessLine.

“Our exporters need continued 
support in acquiring machinery, for 
production of high quality goods. 
At this time of global uncertainty, 
removing the import duty exemption 
benefits could hit them hard. There 
is big demand from the industry for 
continuation of the EPCG scheme and 
the government is seriously considering 
it,” an official said.

The Finance Ministry, too, has to be 
on board if a decision for extending 
the scheme beyond 2020-21 is taken. 
Last year, the FTP for 2015-20 was 
extended by a year due to Covid-19 
disruptions, and most schemes, 
including the EPCG, was extended. 
The new five-year FTP policy will be 
implemented from April 1, 2021.

Under the EPCG schemes, import 
of capital goods for pre-production, 
production and post-production 
is allowed at zero customs duty, 
subject to fulfilment of specific Export 
Obligations equivalent to six times of 
duties, taxes and cess saved on capital 
goods, to be fulfilled in six years.

The capital goods allowed under 
the EPCG scheme includes spares 
(including reconditioned/ refurbished), 
fixtures, jigs, tool, moulds and dyes. 
Capital goods attract an average 
customs duty of around 7.5 per cent, 
so an exemption results in significant 
benefits for exporters.
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The problem facing the government, 
however, is a WTO dispute panel 
report issued in October 2019 that 
backed several claims filed by the US 
against export promotion measures 
adopted by India such as the EPCG 
scheme and the popular Merchandise 
Export from India Scheme (MEIS). It 
ruled that India had to roll back these 
incentives.

“India has already rolled back the 
MEIS scheme from the beginning of 
2021, as it was a more direct export 
subsidy because of the way the 
incentives were fixed and given out to 
exporters in various sectors. However, 
one may argue that the EPCG 
scheme is unlikely to lead to market 
distortions as it is only an import duty 
relief given to exporters to upgrade 
their technology. Continuing the EPCG 
scheme would certainly ruffle fewer 
feathers globally than continuing the 
MEIS would have done,” a Delhi-
based trade expert said.

Moreover, since India also appealed 
against the decision of the WTO 
panel against its exports schemes, 
the panel’s report can’t be binding 
till the Appellate Body holds a 
hearing and gives its verdict. “As 
the Appellate Body of the WTO is 
currently dysfunctional due to the US 
preventing appointment of judges 
and the appeal is pending, India is 
not under pressure to replace all its 
disputed schemes immediately,” the 
expert added.

Karnataka most innovative 
state: NITI
Live Mint | 26 January 2021

Karnataka is the most innovative 
state for the second year in a row, 
according to federal policy think 
tank NITI Aayog’s India Innovation 
Index 2020.

The index, launched last year, 
ranks states based on whether they 
provide a conducive environment for 
registering new businesses, applying 
for patents, human capital, and 

investments, among other measures.

In the second edition of the index, 
Maharashtra pipped Tamil Nadu 
to the second spot. Telangana has 
claimed the fourth place, with Kerala 
moving up one notch to fifth slot, 
pushing Haryana to sixth place in 
the list of 17 major states. Bihar was 
featured at the bottom of the list.

Himachal Pradesh topped the 
rankings of hill and North-East states, 
followed by Uttarakhand, Manipur 
and Sikkim. Delhi remained the most 
innovative among small or city-states 
and Union territories, followed by 
Chandigarh, Daman and Diu, and 
Puducherry.

“There is a very strong correlation 
between innovation and 
development. As states become more 
innovative, their per-capita GDP 
(gross domestic product) rises,” said 
Amit Kapoor, chairman of the Institute 
for Competitiveness, a Gurugram-
based organization that worked with 
NITI Aayog to develop the index.

The India innovation index is 
modelled along the lines of the 
global innovation index, which is 
brought out by the World Intellectual 
Property Organization, but tracks 
fewer parameters. It aims to add 
more parameters in the next report 
and sync it with the global index, 
said Rajiv Kumar, vice-chairman, 
NITI Aayog. “The Prime Minister 
is very clear that it is innovation 
and technology that will solve the 
immense challenges that India faces. 
Trying to spur innovation at the state 
level is important,” Kumar said.

NITI Aayog chief executive Amitabh 
Kant said by providing a thrust on 
innovation, India can augment 
its manufacturing and export 
competitiveness.

India keen on investment, 
trade talks with European 
Union
The Economic Times | 21 January 2021

India wants to start negotiations 
on an investment deal with the 
European Union simultaneously with 
a trade agreement in a renewed 
push to boost bilateral ties with 
the trade bloc. Keen to accelerate 
investments, technology and capital 
flows from the EU, India wants the 
investment and trade deals to happen 
parallelly and independently. “Both 
the investment deal and trade deal 
will have to happen parallelly and 
independently,” said an official. 
The EU has said it is ready to 
consider launching negotiations on 
a standalone investment protection 
agreement, which would increase 
legal certainty for investors on both 
sides. Negotiations for a broad-
based Bilateral Trade and Investment 
Agreement (BTIA) started in 2007 and 
were suspended in 2013.

The BTIA talks collapsed over certain 
EU demands such as greater market 
access for automobiles, wines and 
spirits, and further opening up of 
India’s financial services sector 
such as banking, insurance and 
e-commerce. On the other hand, 
India is keen to get preferential access 
for its textile exports to the EU as it 
faces competition from Bangladesh, 
Vietnam and Sri Lanka. The EU 
also wants labour, environment and 
government procurement to be 
included in the talks with its trading 
partners, and a comprehensive 
trade and sustainable development 
chapter in order to deal with the 
social and environmental impact 
of trade. However, experts said the 
EU’s requirements on labour and 
environment could be the sticking 
points in its talks with India.

However, the expert said that to 
be able to export textiles duty-free 
or at zero duty to the EU, India 
could consider concessions to their 
automobile exports through longterm 
staging of duty cuts. According to 
another expert, the EU is introducing 
taris for products that don’t meet 
environmental standards as part of 
the European Green Deal and India 
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would have to be prepared for that. 
“It is no longer a simple give and 
take with the EU anymore. They 
will look at higher taris on exports 
from countries which do not follow 
sustainable practices,” the expert said. 
India’s exports to the EU in April-
October were $20.5 billion, led by 
organic chemicals, pharmaceutical 
products, mineral fuels, gems and 
jewellery, leather products and 
apparel, while imports were $17.9 
billion. Nuclear reactors, electrical 
machinery and optical/photographic 
apparatus were the major imports.

High Courts serve notice 
on Centre over IGST 
rebate by exporters
Business Standard | 19 January 2021

Two high courts (HCs) have served 
notices on the Union government, the 
Directorate of Revenue Intelligence, 
(DRI), and the Central Board of 
Indirect Taxes and Customs over the 
issue of denying rebate on integrated 
goods and services tax (IGST) paid 
by exporters enjoying the benefits of 
advance authorisation (AA) licence. 
Bombay and Punjab & Haryana HCs 
have issued these notices.

Gujarat HC has stayed the 
proceedings initiated by DRI 
to exporters over this issue. An AA 
licence is issued to exporters to allow 
them duty-free import of inputs, 
which are physically incorporated in 
export products.

Exporters were earlier entitled to 
import raw material without payment 
of IGST under the AA licence, and 
pay IGST on exports and claim 
rebate (refund) paid on exports. They 
received the benefits of rebate of IGST 
initially. However, the government 
then amended sub-rule (10) of Rule 
96 of the central GST through a 
notification dated September 4, 2018. 
It denied rebates on IGST on exports 
if exporters enjoyed AA benefits with 
effect from October 23, 2017.

Earlier, Gujarat HC had upheld the 
validity of this rule.

The court also upheld the validity of 
another amendment to the rule that 
allows rebates to those who only avail 
of exemption on basic Customs duty 
and pay IGST on raw material. This 
amendment was made effective with 
retrospective effect.

This means that those who claimed a 
refund under this option need to pay 
back IGST on raw material, along with 
interest and avail of input tax credit. 
Aggrieved, exporters filed a review 
petition in Gujarat HC, as well as 
petitions in the Bombay and Punjab & 
Haryana HCs.

Meanwhile, DRI issued notices to 
exporters and initiated proceedings 
against them over the issue.

“After DRI notices, the matter 
has been raised afresh in several 
courts which have issued notices or 
granted a stay on proceedings. The 
retrospective amendment is also a 
subject matter of challenge,” said 
Abhishek Rastogi, who is arguing a 
plethora of petitions for exporters.

Offering rationale behind the fresh 
batch of petitions, Rastogi said while 
the authorities allege there is twin 
benefit, there is actually no additional 
benefit, given the exporters are in 
any case eligible to a refund of taxes 
on the input side in some way or the 
other.

Atmanirbhar Bharat may 
limit trade ties: US envoy
Live Mint | 07 January 2021

US ambassador to India Kenneth 
Juster on Tuesday expressed doubts 
whether the “Atmanirbhar Bharat” 
flagship programme of self-reliance 
of Prime Minister Narendra Modi’s 
government was compatible with 
New Delhi’s stated intention to be 
part of the global value chains and 
carve out a reputation as an exporter 

to the world.

If India’s self-reliance programme led 
to higher tariff and non-tariff barriers 
to trade, this would “limit India’s 
capacity to truly integrate into global 
value chains and, in the process, raise 
prices for Indian consumers”, Juster 
said at an event organized by the 
Observer Research Foundation think 
tank in New Delhi.

Countries were looking at diversifying 
from Chinese-led supply chains 
after the sudden stoppage of goods 
from factories in China following 
the coronavirus outbreak, Juster 
said. As such, “India has a strategic 
opportunity to become an alternative 
destination for manufacturing 
investments in the Indo-Pacific 
region. However, to fully seize this 
opportunity, the Indian government 
may well need to take further action”, 
he said.

Juster also expressed concern that 
despite persistent efforts the two 
countries were unable to seal a trade 
deal, talks for which have been going 
on for several years.

Indian economy riding 
against the Covid wave, in 
good health: FinMin
Business Standard | 06 January 2021

The finance ministry on Tuesday 
said the impending vaccination 
drive in various countries, coupled 
with sustained improvement in high 
frequency indicators, helped the 
economy perform better in H2FY21.

In its monthly economic review 
for December, the Department 
of Economic Affairs (DEA) said: 
“Approval for the long-awaited 
vaccine and initiation of vaccination 
drives in various countries has 
enhanced optimism on both the 
health and economic fronts, despite 
the continuing surge in global cases 
and potential challenge of a mutant 
strain.”
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It added that the effective 
management of Covid despite the 
festive season and onset of winter 
— combined with the sustained 
improvement in high frequency 
indicators and a V-shaped recovery 
thanks to the easing of lockdown 
restrictions — distinguish the Indian 
economy as one riding against the 
Covid wave.

According to the DEA, India has 
been successful in bending the Covid 
curve, with falling infections, a rising 
recovery rate (now at 95 per cent), 
and one of the lowest fatality rates.

Panel to fix rates for 
exporters’ duty refund 
scheme to submit report 
in few weeks: Finance 
Secretary
The Times of India | 05 January 2021

A committee set up under the 
chairmanship of former union 
secretary G K Pillai to fix ceiling 
rates under a duty refund scheme - 
RoDTEP - for exporters is expected 
to submit the complete report in the 
next few weeks, a top government 
official said.

Finance secretary Ajay Bhushan 
Pandey said that immediately after 
getting the report, the RoDTEP 
(Remission of Duties and Taxes on 
Exported Products) rates would be 
notified.

“The G K Pillai committee has given a 
part report. Now the remaining report 
is expected within the next few weeks 
and as soon as the report comes, we 
will be able to notify RoDTEP rates. 
But those rates will be effective from 
January 1, 2021,” he said.

The scheme would refund to 
exporters the embedded central, state 
and local duties and taxes that were 
so far not being rebated or refunded 
and were, therefore, placing India’s 
exports at a disadvantage.

The refund would be credited in 
an exporter’s ledger account with 
customs and used to pay basic 
customs duty on imported goods. The 
credits can also be transferred to other 
importers.

An exporter desirous of availing the 
benefit of the RoDTEP scheme would 
have to declare his/her intention for 
each export item in the shipping bill 
or bill of export.

Availability of benefits under tax 
refund scheme - RoDTEP - for 
exporters would be subject to the 
conditions, restriction, ineligibility and 
fulfilment of procedural requirements 
as notified by the government.

The new scheme is replacing the 
MEIS (Merchandise Export from India 
Scheme).

India to prepare 740 
districts for disasters
Deccan Chronicle | 05 January 2021

India is undertaking a mega exercise 
to conduct preparatory drills in 
each of its 740-odd districts by 
2023 to combat various man-made 
and natural disasters with a special 
attention on tackling chemical, 
biological, radiological and nuclear 
(CBRN) attacks or accidents, the 
country’s disaster response force chief 
said.

The Union home ministry has 
entrusted the federal disaster 
management apparatus and the 
National Disaster

Response Force (NDRF) to complete 
the first phase of this multi-agency 
exercise in three financial years, 
beginning 2020-21.

“Modern day man-made disasters will 
be CBRN disasters. It is very important 
to prepare for that...as it is an 
uncharted territory,” NDRF director 
general S.N. Pradhan said.

“We are going to be in the nuclear 

mode for power generation more 
and more. So, all this combines to 
the agenda that has to be CBRN 
oriented,” he said.

The nature of a CBRN challenge, he 
said, is that one cannot probably be 
really prepared for it in all manners 
as there have not been many such 
accidents that allow rescuers and 
experts to use and develop their 
skills against them. As NDRF is 
the frontline responder for CBRN 
disasters in the country, it is acting as 
the nodal agency for conducting this 
countrywide exercise, he said.

Union home minister Amit Shah, he 
said, has “directed us” to hold at least 
one mock drill every three years in 
each of the about 740 districts of the 
country with the “focus” being on 
CBRN, he said. One-third of the total 
districts will be covered per fiscal, he 
said.

Demand Revival? Trade 
deficit touches 25-month 
peak in December
Financial Express | 04 January 2021

A contraction in merchandise exports 
narrowed to 0.8% year-on-year 
in December 2020, as compared 
to 8.7% in the previous month, 
according to a preliminary estimate 
released by the commerce ministry. 
But imports rose at a faster pace of 
7.6% in December, the first increase 
since February, driving up trade deficit 
to a 25-month high of $15.7 billion.

The rise in imports signals a possible 
revival of domestic demand, which 
was battered by the Covid-19 
pandemic, as businesses go through a 
‘reset’ phase following the unlock.

However, some amount of pent-
up demand for raw materials may 
also have contributed to the rise in 
imports, analysts say, preferring to wait 
longer to pronounce any sustained 
demand recovery. Nevertheless, if 
inbound shipments continue to rise, 
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import-sensitive exports, too, will get 
a boost, but it will also mark a return 
to the usual high trade deficit trend.

Exports in December dropped to 
$26.89 billion from $27.11 billion a 
year before. Imports rose to $42.60 
billion last month from $39.59 billion 
a year earlier.

Exports likely to rebound 
as Covid effect diminishes
The Asian Age | 01 January 2021

FIEO director- general Ajay Sahai said 
the year 2021 would bring a ray of 
hope and optimism for the exporting 
community as there are expectations 
that the worst effect of Covid- 19 will 
vanish.

After being severely hit by the 
Covid- 19 pandemic this year, the 
country’s exports growth is expected 
to rebound in 2021 on the back of 
recovery in economic activities and 
demand worldwide.

However, the uncertain global trade 
situation due to rising protectionism, 
which adversely impacted exports in 
2019, could have a bearing on the 
country’s outbound shipments in the 
coming months.

Exporters’ community is hopeful 
that outbound shipments would 
start recording healthy growth rates 
from April 2021, helped by growth 
in demand in developed as well as 
developing countries, and effective 
Covid- 19 vaccines that may bring life 
back on track the world over.

In October, the World Trade 
Organisation forecasted a 9.2 per 
cent decline in the volume of world 
merchandise trade for 2020, followed 
by a 7.2 per cent rise in 2021. These 
estimates are subject to a high degree 
of uncertainty since they depend 
on the pandemic situation and the 
responses of governments.

Chemicals and  
Petrochemicals
Yogendra Tripathi 
appointed as 
India’s Chemicals & 
Petrochemicals Secretary
Indian Chemical News | 25 January 2020

Yogendra Tripathy presently 
Secretary, Ministry of Tourism 
has been appointed as Secretary, 
Department of Chemicals and 
Petrochemicals, Ministry of Chemicals 
and Fertilizers in place of Rajesh Kr. 
Chaturvedi.  Tripathy is a 1985 batch 
IAS officer of Karnataka cadre.  

In another development, Rajesh 
Kr. Chaturvedi presently Secretary, 
Department of Chemicals and 
Petrochemicals, Ministry of Chemicals 
and Fertilizers has been appointed as 
Secretary, Department of Fertilizers, 
Ministry of Chemicals and Fertilizers.

Plastics, Petrochemicals 
should be included in 
the PLI Scheme: Arvind 
Goenka, Chairman, 
Plexconcil
The Economic Times | 25 January 
2020

India’s plastics sector plays a catalytic 
role in the economic development 
of the country. Unsurprisingly, the 
country currently ranks among the 
top five consumers of polymers in 
the world, has over 30,000 plastics 
processing units, employing over four 
million people across the country. 
India’s plastics goods are exported 
to over 200 countries and plastics 
formed 3.3% of the country’s overall 
merchandise exports in 2018-19. 
However, the sector, with almost 65% 
of exports from MSMEs, is faced with 
many structural challenges too. With 
the Union Budget 2021 around the 
corner, Arvind Goenka, Chairman, 
the Plastics Export Promotion Council 
(Plexconcil), outlines the sector’s key 
expectations. 

Source: Plexconcil
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Imports  
from  
WORLD

Imports 
from 
INDIA

India's 
share

$ Million $ Million

Imports by USA 110000 1500 1.36%

Imports by UK 24000 410 1.71%

Hat Imports by EU-27 219000 1700 0.78%

Import by ASEAN 44000 358 0.81%

Import by WANA 24000 1000 4.17%

Imports by SAARC 3250 508 15.63%

Comparison of Imports of Value Added plastics from India & 
World



Proposal for Gorakhpur 
plastic park gets nod
The Times of India | 24 January 2020

In another major push to 
industrialization, a plastic park spread 
across 50 acres having around 100 
manufacturing units would be set up 
in Gorakhpur. The Union ministry of 
chemicals and fertilisers has given an 
in-principle approval to the proposal 
for setting up the plastic park.

Gorakhpur Industrial Development 
Authority (GIDA) CEO Sanjeev 
Ranjan said, “The Scheme Steering 
Committee (SSC) under the 
chairmanship of secretary (chemicals 
& petrochemicals) has granted ‘in-
principle’ approval to the proposal 
for a plastic park at Gorakhpur. Plastic 
park is important for realizing the 
goals of Make-in-India programme. 
The approval is valid for six months 
and a Detailed Projects Report (DPR), 
complete in all respects, has to be 
submitted in this time for the final 
approval,”.

“It will be a Rs 93 crore project and 
about 100 units would be set up in 
the park. About 2,500 people would 
get employment directly. Union 
government would provide around Rs 
40 crore and rest of the investment 
would be done by GIDA.” the CEO 
said

The park would be established in 
around 50 acre land of which five 
acres would be given to Central 
Institute of Petrochemicals Engineering 
and Technology (CIPET) for setting up 
a testing lab.

A special purpose vehicle (SPV) 
would also be established in which 
industrialists would be included as 
members.”

Centre sanctions plastic 
park for Mangaluru:  
D. V. Sadananda Gowda
The Times of India | 22 January 2020

The department of chemicals and 
petrochemicals has given in-principle 
approval for the setting up of a Plastic 
Park in Mangaluru under the Plastic 
Parks Scheme, Minister of Chemicals 
and Fertilizers D V Sadananda Gowda 
tweeted on Friday.

The union ministry of chemicals 
and fertilizers and department of 
chemicals and petrochemicals has 
directed the Karnataka government 
to prepare a detailed project report 
(DPR) for the proposal.

Department of Chemicals and 
Petrochemicals has given in-principal 
approval for setting up Plastic Park in 
Mangaluru.

“I am directed to inform the scheme 
steering committee (SSC), in its 21st 
meeting held on January 20 under 
the chairmanship of secretary, for the 
scheme for setting up of Plastic Parks 
considered the proposals for setting 
up of two new Plastic Parks at various 
locations in the country and decided 
to grant in-principle approval to the 
proposal received from the state of 
Karnataka for setting up a Plastic Park 
at Ganjimutt, Mangaluru, Dakshina 
Kannada under the scheme,” Pamela 
Kumar, under secretary to the 
Government of India stated in the 
letter.

Plastic Parks are very important 
for realizing the goals of the Make 
in India programme. As already 
mentioned in the scheme guidelines, 
it is mentioned that the in-principle 
approval is valid for six months. 
Hence, it is requested that a DPR, 
complete in all respects, may be 
submitted to the department at the 
earliest for expediting the grant of 
final approval, Kumar said.

“The park will have an ecosystem 
with state of the art infrastructure 
building and enabling common 
facility to consolidate and synergize 
the capacities of the domestic 
downstream plastic processing 
industry,” minister Sadananda Gowda 
tweeted.

Dengue Prevention: 
Chlorine mixed in 
drinking water tanks in 
the city
The Covai Post | 20 January 2020

The northeast monsoon across 
Tamil Nadu ended on the 19th. In 
this situation, as part of the dengue 
prevention work, the chlorine drug 
mixing activities in the drinking water 
tanks in the city have been intensified 
by the employees of the corporation.

Drinking water is obtained and 
distributed to the Corporation of 
Coimbatore through joint drinking 
water schemes such as Siruvani, 
Billur and Azhiyar dams. Of this, 
drinking water obtained from Siruvani 
is provided to more than 20 wards. 
Such drinking water is brought to 
the drinking water tanks under the 
Corporation.

Coimbatore received good rains for 
the last few days due to the northeast 
monsoon. However, dengue is likely 
to spread. To prevent this, chlorine is 
mixed in drinking water tanks.

An official of the corporation said 
that Abate medicine is being mixed 
in drinking water tanks in houses in 
the corporation area to prevent the 
production of dengue mosquitoes. 
Chlorine is also mixed in drinking 
water tanks, he said.

Russia 2020 PVC 
production up by 0.2% 
year on year
ICIS | 15 January 2020

Production of Russian polyvinyl 
chloride (PVC) reached 976,500 
tonnes in 2020, up by 0.2% year on 
year, according to MRC’s ScanPlast 
report.

December total production of 
unmixed PVC was about 85,300 
tonnes versus 86,100 tonnes a month 
earlier, with RusVinyl decreasing its 
capacity utilisation.
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Over the whole year two producers 
increased their production, whereas 
two other manufacturers reduced 
their output.

The structure of PVC production by 
plants looked the following way over 
the stated period:

RusVinyl reduced its capacity 
utilisation in December and produced 
about 27,400 tonnes of PVC, with 
emulsion polyvinyl chloride (EPVC) 
accounting for 2,300 tonnes, 
compared to 28,900 tonnes a month 
earlier.

Total SPVC production at RusVinyl 
was 332,900 tonnes in 2020, 
compared to 339,800 tonnes in 2019.

SayanskKhimPlast increased its 
capacity utilisation last month and 
produced about 27,900 tonnes of 
suspension PVC (SPVC), whereas 
this figure was 27,100 tonnes in 
November. The plant managed to 
produce 299,500 tonnes of PVC in 
January-December, compared to 
294,500 tonnes a year earlier.

Baskhir Soda Company produced 
about 23,100 tonnes of SPVC in 
December, against 23,200 tonnes 
a month earlier. The Baskhir plant’s 
overall production of PVC reached 
267,600 tonnes in January-December 
2020, up 2% year on year.

Kaustik Volgograd’s PVC production 
was around 6,900 tonnes last month 
versus 7,000 tonnes in November. 
The plant’s overall production of PVC 
reached 76,500 tonnes in 2020 versus 
77,500 tonnes a year earlier.

Solvay launches hydrogen 
platform
Indian Chemical News | 14 January 2020

Solvay has launched a hydrogen 
platform that will bring together all 
the innovative material and chemical 
solutions the Group has to offer to 
advance the emerging hydrogen 
economy. At the heart of the platform 
is Solvay’s membrane technology 
(ion conducting polymer), which 
constitutes a necessary component in 
the process of hydrogen production. 

By creating this platform, Solvay is 
increasing its resources dedicated to 
this emerging market, including efforts 
in research and innovation. As from 
this year, Solvay is fully dedicating 
teams involving research, engineering, 
sales and marketing working together 
in crafting Solvay’s added value to the 
future hydrogen market.

Together with its membrane 
technology, under the brand 
Aquivion® that will be a key 
contributor to the electrolyser and fuel 
cells markets, Solvay also intends to 
bring other hydrogen applications and 
components to the market, such as 
hydrogen tanks. 

“The hydrogen economy has taken-
off, and with our new hydrogen 
platform, we are partnering with our 
customers in the electrolyser and 
fuel cells space to make it happen,” 
said Solvay CEO Ilham Kadri. “Green 
hydrogen will be one of the most 
competitive low carbon solutions for 
transportation applications in the near 

future and I’m proud that Solvay’s 
membrane technology will be a key 
element in the transition towards 
cleaner mobility, helping the fight 
against global climate change.” 

As part of this commitment, Solvay 
has also joined the Hydrogen Council, 
a global CEO-led initiative that brings 
together leading companies with a 
united vision and long-term ambition 
for hydrogen to foster the clean 
energy transition. Solvay’s hydrogen 
platform is integral to the Group’s 
One Planet initiative, which includes 
ten measurable commitments to 
achieve the SDGs across three focus 
areas: climate, resources and better 
life.

Can Indian chemical 
industry unlock its true 
potential in 2021?
Indian Chemical News | 12 January 2020

For unlocking India should focus on 
four pillars - providing alternative 
chemicals’ destination, PLI scheme, 
sustainable chemistry & circular 
economy and energizing PCPIR, says 
Primus Partners Report.

The supply chain disruptions in 
China due to COVID-19 has led 
western countries to start looking 
for alternative sources to China 
for chemicals thereby creating 
opportunities for Indian companies 
for a limited time window and Indian 
companies should leverage it in a big 
way.

First, Indian companies have inherent 
advantages in the production of 
chemicals and there are many success 
stories in the specialty chemical 
space which needs to be leveraged 
by providing them with a lower risk 
environment and this can result in 
substantial increase in business. By 
taking 2-3% of global market share 
away from China, will result in 
doubling of Indian chemical industry 
by encouraging investment through 
incentives and ease of doing business 
and lowering the risk of investors.
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Second, Production Linked Incentives 
(PLI) is a good measure as it 
incentivises the industry to quickly put 
up investment and start commercialise 
sales. For Make in India, to be 
successful, base industries like 
chemicals need to be incentivised. 
The timing is right for the push as 
the world is looking at alternative 
sources other than China and 
sustainable chemistry requires change 
and renewal of technologies. The 
government should speed up PLI on 
chemicals thereby driving significant 
growth in the industry.

Third, both the US and European 
Union are speeding up sustainability 
for the chemical industry. The Indian 
chemical companies that are exposing 
will have to align themselves with the 
goals. It also gives the Indian Industry 
an opportunity to adopt global best 
practices. The sector also needs 
support through regulations as well as 
incentives.

Fourth, the government is working on 
overhauling the policy and is working 
on the 2020-2035 vision. Some of 
the key recommendations are to have 
denser concentration, specific cluster 
integration, better environmental 
management & monitoring etc. There 
is an urgent need to upgrade the 
infrastructure of PCPIRs (Petroleum, 
Chemicals and Petrochemicals 
Investment Regions) to have better 
master planning and incentivize 
investment in the regions.  

NALCO to invest Rs 
30,000 crores for 
expansion and business 
diversification: Shri 
Pralhad Joshi
PSU Connect | 07 January 2020

“It is indeed commendable that 
NALCO, which started with a modest 
investment way back in 1981 
continues its leadership position with 
excellent performance for more than 
four decades. Forty glorious years 

of sustainable growth reflects the 
fact that NALCO has matured in the 
business cycle and now exponential 
growth and expansion will take this 
CPSE to the next level of business 
excellence,” said Shri Pralhad 
Joshi, Hon’ble Union Minister of 
Parliamentary Affairs, Coal & Mines 
while addressing the 41st Foundation 
Day celebrations of the Company, 
today at Bhubaneswar.

The Union Minister appreciated 
the dedication, hard work of the 
management and employees for 
continuing their efforts for optimizing 
production and productivity, 
particularly during the last few months 
wherein there has been a slump in 
metal prices and the onset of COVID 
19 pandemic. On this occasion, the 
Hon’ble Union Minister Shri Joshi 
also stressed the fact that there exists 
a huge scope for increasing the per 
capita consumption of Aluminium 
in the country and it is the right time 
for the Indian Aluminium industries 
to ramp up their production and 
leverage this opportunity. “The annual 
consumption is stated to grow much 
fold with demand picking up under 
Government of India’s Atmanirbhar 
Bharat initiative in sectors like power, 
building & construction, packaging, 
automobile manufacturing, and 
transportation”, he said.

On NALCO’s growth plans, he 
said that, for NALCO to remain 
a significant contributor in the 
alumina and aluminum sectors, it 
is essential that NALCO must go 
for its planned expansion, with an 
estimated investment of around Rs. 
30,000 Crores in the next 7 - 8 years. 
“This will help the company for its 
sustainability and competitiveness. 
Moreover, the Aluminium industry 
is one of the fastest-growing sectors 
among all metals has the potential to 
attract huge investments in the near 
future”, he added.

“The Rs. 30,0000 Crores expansion 
plan of NALCO, spread over the next 
7 – 8 years will include the expansion 

of its Refinery by one million tonne 
capacity, adding 3.5 million tonne 
capacity Pottangi bauxite mines and 
operationalization of Utkal D & E Coal 
Blocks. Further to this, enhancement 
of Aluminium Smelting capacity by 
0.5 million tonnes and Captive Power 
Plant by another approximately 1200 
MW through brownfield expansions 
at Angul district of Odisha has been 
envisaged in this growth plan”,  he 
added.

Worth mentioning that NALCO is 
in the advanced stage of obtaining 
mine opening permission after the 
execution of the lease deed for 2 
MTA of Utkal D coal block in the 1st 
quarter of 2021-22. Further, Hon. 
Minister added that all clearances 
have been given by MOEFCC 
to Utkal-D Coal Block. Similarly, 
the company is concurrently in 
the process of obtaining statutory 
clearances for 2 MTA of Utkal E coal 
block with a plan to open the mine 
in 2022-23. The Hon’ble Minister 
appreciated the fact that in spite of 
all odds, NALCO has met 75% of 
its CAPEX target for the FY 2021-22 
within 31st December 2020.

Addressing the occasion, Shri 
Sridhar Patra, CMD, highlighted the 
company’s significant performance in 
last fiscal, wherein he shared about 
the export earnings of 

NALCO accounted for about 59% of 
the sales turnover in the 1st half of 
this financial year. He also informed 
regarding the caustic soda plant that 
has been set up in JV with Gujarat 
Alkalies & Chemicals Ltd, which. is 
likely to be commissioned in the early 
part of 2021-22 and this will secure 
a steady supply of caustic soda to 
NALCO. Shri Sridhar Patra thanked 
the Hon’ble Minister and the Ministry 
of Mines for their wholehearted 
support in all endeavors of NALCO. 
He also thanked the state government 
for the support extended by them for 
fast-tracking the completion of various 
projects including the 5th stream 
Refinery at Damanjodi. Shri Sridhar 
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Patra attributed the performance 
of NALCO to the teamwork and 
dedication of all employees and the 
cooperation of various stakeholders.

Chlorine can kill germs 
on surfaces, but it’s more 
effective at cleaning water 
- here’s why chlorine is 
better off in your pool
Business Insider | 02 January 2020

Chlorine bleach is used in countless 
cleaning products. You’ve probably 
used chlorine while washing dishes, 
doing laundry, or cleaning your 
bathroom. Because chlorine is able 
to kill most germs, we also depend 
on it to disinfect our drinking water 
and clean the water in our swimming 
pools. In the US, 98 percent of treated 
water supply systems use chlorine as a 
disinfectant.

Here’s what you need to know about 
how chlorine kills germs.

However, though chlorine can kill 
most germs, it does not always work 
immediately. This is one reason it 
works well for systems like pools and 
water tanks, which allow chlorine 
to sit in water over time. According 
to the Centers for Disease Control 
and Prevention, E. coli, a common 
bacteria spread through feces, dies 
in less than a minute when exposed 
to chlorine concentrations in a pool, 
while Hepatitis A, a serious virus 
affecting the liver, takes 16 minutes 
to kill.

Chlorine can take even longer to kill 
gastrointestinal parasites. A condition 
called Giardia takes 45 minutes to 
die, while Cryptosporidium, a serious 
diarrheal illness, takes 10.6 days to 
die after being exposed to chlorine. 
These timelines are longer than some 
other disinfectants like isopropyl 
or ethyl alcohol, which take about 
10 seconds to kill most microbes. 
However, chlorine has the advantage 
of being able to kill bacterial spores, 

a dormant form of bacteria that can 
activate to cause infection.

Chlorine is a powerful disinfectant 
that can kill most bacteria, viruses, 
and parasites when it is added to 
water. If you want to use a chlorine 
product, make sure that you use 
the right concentration and give the 
chlorine enough time to take effect to 
ensure that all germs will be killed.

The biggest advantage of using 
chlorine to treat water is that it doesn’t 
just kill germs at the moment it is 
applied, but continues to keep water 
clean over time, says Ostrowski.

“Chlorine protects treated water from 
re-contamination during its journey 
from a treatment facility through 
underground pipelines to our taps at 
home or elsewhere,” Ostrowski says.

The chlorine used to treat drinking 
water is the same form that is used to 
treat pools, but the key difference is 
the concentration. In drinking water, 
chlorine is typically present in a 
concentration of 0.2 mg to 1 mg per 
liter.

In pools and hot tubs, experts 
recommend using between 1 mg and 
3 mg per liter of chlorine.

Chlorine is also useful for cleaning 
household surfaces like floors and 
counters if present in a compound 
like chlorinated bleach. If you are 
using chlorine bleach for household 
cleaning, experts recommend using 1 
cup of bleach per 5 gallons of water.

People generally think of chlorine 
as a water disinfectant, but it is 
also used to purify other materials, 
says Ostrowski. Chlorine-based 
chemicals are used to purify the 
silicon in computer circuits as well as 
the titanium used to make artificial 
replacement joints.

Chlorine does not work as quickly as 
some other disinfectants like alcohol, 
but is more effective against certain 
forms of bacteria. Chlorine works 
better than other disinfectants for 

cleaning water, as it keeps water 
clean over time and won’t hurt 
human health in low concentrations.

And if you’re looking to kill 
bacteria on surfaces quickly and 
effectively, reach for chlorine-
based bleach or alcohol-based 
disinfectants.

Scheme for setting up 
Plastic Parks in India
India CSR | 02 January 2020

Department of Chemicals and 
Petrochemicals, under the Ministry 
of Chemicals & Fertilizers is setting 
up six Plastic Parks in India. There is 
a scheme in place to establish Plastic 
Parks across the country. Plastic 
Parks are being developed in phase 
manner. In phase-I of the scheme, 
four Plastic parks in the States of 
Assam (Tinsukia), Madhya Pradesh 
(Raisen), Odisha (Jagatsinghpur) & 
Tamil Nadu (Thiruvallur) are approved 
for implementation.

In Phase-II of the scheme, preliminary 
proposals were received from the 
States of Jharkhand, Madhya Pradesh, 
Uttar Pradesh, Haryana, Gujarat, 
Chhattisgarh, Punjab, West Bengal, 
Uttarakhand, Manipur, Jammu & 
Kashmir and Rajasthan, and based on 
merits and examination of completed 
DPRs, two plastic parks in the States 
of Jharkhand (Deogarh) and Madhya 
Pradesh (Bilaua) have been given 
‘final approval’ in 2018-19.

The scheme aims at setting up of need 
based plastic parks, an ecosystem 
with state-of-the-art infrastructure and 
enabling common facilities through 
cluster development approach, 
to consolidate and synergize 
the capacities of the domestic 
downstream Plastic Processing 
industry.

The larger objective of the scheme 
is to contribute to the economy by 
increasing investment, production, 
export in the sector and generation of 
employment.
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Under the scheme, the Government 
of India provides grant funding up to 
50% of the project cost, subject to 
a ceiling of Rs. 40 crore per project. 
The remaining project cost is funded 
by the State Government or state 
industrial Development Corporation 
or similar agencies of State 
Government, beneficiary industries 
and loan from financial institutions.

Under the Scheme, 6 Plastic Parks 
have been approved in the states 
of Madhya Pradesh (two), Odisha, 
Jharkhand, Tamil Nadu and Assam.

Out of these parks, two parks have 
almost achieved 100% progress in 
terms of development of physical 
infrastructure. The brief of these two 
parks is provided below:

Tamot Plastic Park, Madhya Pradesh

The plastic park approved in 2013 
with a total project cost of Rs. 108 cr. 
The plastic park has completed 100% 
physical infrastructure in 2020. The 
authorities have allotted 8 plots in the 
park to the industry and one unit is 
already functional in the plastic park

Paradeep Plastic Park, Odisha

The plastic park was approved in 
2013 with a total project cost of 
approx. Rs. 107 cr. The plastic park 
has almost completed 100% physical 
infrastructure in 2020. The authorities 
has allotted 7 plots in the park to the 
industry.

As per the Scheme guidelines, 
a Special Purpose Vehicle set up by 
the concerned State government, 
which is the implementing agency, is 
responsible for all statutory approvals, 
including environmental clearances 
from the state level authorities at the 
DPR stage.

Scheme also provides building 
common infrastructure to support 
the plastic production units for 
hazardous waste management, 
incinerator, buildings and equipment/
machinery for common facilities 
for characterization, prototyping 

& virtualization, non-destructive 
material  testing, incubation, training, 
warehousing, plastic recycling, 
tooling, designing, Research 
& Development, plastic waste 
recycling etc. and establishment of 
effluent treatment plant, to ensure 
environmentally sustainable growth 
through innovative methods of waste 
management, recycling, etc.

Member Units
TCCL Caustic soda 
concentration plant 
commissioned
The Hindu | 31 January 2020

The State government-owned 
Travancore Cochin Chemicals, (TCC) 
which made a remarkable comeback 
from the brink of being referred to 
the Board for Industrial and Financial 
Reconstruction (BIFR) in 2015-16, 
commissioned a 100-tonne-per-day 
caustic soda concentration plant and 
a 60-tonne-per-day HCL synthesis 
unit here on Saturday. Minister for 
Industries E.P. Jayarajan inaugurated 
the facilities.

TCC was established in 1951 to 
manufacture caustic soda with a 
capacity of 20 tonnes per day (TPD). 
Production was later raised to 180 
TPD, and the new 250-TPD plant is 
part of the first phase of expansion, 
said a communication from the 
company.

Moreover, permission given by the 
government to use open access to 
draw power and to put up projects 
added momentum to the company’s 
growth.

TCC has also initiated energy saving 
projects, including the conversion of 
the electrolysis cell and establishment 
of a new cooling tower. The company 
upgraded to digital control of the 
plant eliminating chances of human 
error as part of its commitment 
to safety. The new TCC project is 
expected to contribute to energy 

conservation and environmental 
protection.

The plants commissioned on 
Saturday are unique from the 
perspective of energy conservation 
and environmental protection. The 
HCL synthesis unit with co-generation 
saves 2.5 KL of furnace oil a day. It 
is the first-of-its-kind plant in India, 
the communication added. Savings at 
current rates are estimated to be more 
than `1 lakh a day, and the payback 
period is less than three years.

John Fernandez, MLA, TCC managing 
director K. Harikumar, Chairman 
Mohammed Hanish and Eloor 
Municipal Chairman A.D. Sujil were 
present at the inauguration of the 
plants.

UPL Chief Shroff Awarded 
Padma Bhushan
Chemical Industry Digest | 28 January 
2020

UPL Chairman Rajnikant Devidas 
Shroff is among the ten recipients who 
would receive the coveted Padma 
Bhushan award, the third-highest 
civilian honour.

Born in Gujarat’s Kutch, Shroff 
pioneered red phosphorus 
manufacturing in 1969, giving an 
impetus to the indigenous chemical 
industry. In the 1980s, UPL started 
to launch several crop protection 
products and currently is among the 
leading total crop solutions providers 
globally.

Reliance completes spin-
off of oil-to-chemical biz 
into new unit
Millennium Post | 26 January 2020

Billionaire Mukesh Ambani’s Reliance 
Industries Ltd has completed spin-off 
of the firm’s oil-to-chemical business 
into a new unit that will help it pursue 
growth opportunities with strategic 
partnerships, the company has said. 
The oil-to-chemical (O2C) business 
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unit holds Reliance’s oil refinery and 
petrochemical assets and retail fuel 
business but not upstream oil and gas 
producing fields such as KG-D6 and 
textiles business. Reliance for the first 
time reported integrated earnings of 
the O2C business in its third quarter 
financial results. Previously, refining 
and petrochemical businesses were 
reported separately while fuel retailing 
revenue was part of the firm’s overall 
retail business.

In the October-December 2020 
earnings statement, refining and 
petrochemical as well as fuel retailing 
businesses earnings were reported 
as one. As a result, it did not give 
refining margins - the most sought 
after number to assess the firm’s 
oil refining business. “Reorganising 
refining and petrochemicals as oil-to-
chemicals (O2C) reflects new strategy 
as well as management matrix,” 
the company said in a post earning 
investor presentation. This, it said, will 
“facilitate holistic and agile decision 
making” as well as “pursue attractive 
opportunities for growth with strategic 
partnerships”. Reliance started work 
on hiving off the O2C business into a 
separate unit last year for a possible 
stake sale to companies such as Saudi 
Aramco

It values the O2C business at $75 
billion and has been in talks with 
Saudi Arabian Oil Co (Aramco) for 
sale of a 20 per cent interest. The 
company, however, did not mention 
discussions with Aramco, which are 
said to have hit a valuation roadblock. 
The reorganisation would “drive the 
move towards further downstream 
and closer to customers” and “provide 
sustainable and affordable energy and 
materials solutions to meet India’s 
growing needs,” the firm said in the 
presentation. Reliance O2C Limited 
houses oil refining and petrochemical 
plants and manufacturing assets, bulk 
and wholesale fuel marketing, and 
Reliance’s 51 per cent interest in retail 
fuel joint venture with BP of the UK.

The O2C unit also houses the firm’s 

Singapore and the UK-based oil 
trading subsidiaries and marketing 
subsidiary, Reliance Industries 
Uruguay Petroquimica SA. It also 
houses Reliance Ethane Pipeline 
Limited that operates a pipeline 
between Dahej in Gujarat and 
Nagothane in Maharashtra as well 
as 74.9 per cent stake that Reliance 
holds in the joint venture with Sibur. 
Its very large ethane carriers, gas 
pipelines such as one that transports 
coal-bed methane from its CBM 
blocks, overseas oil and gas asset 
holding company Reliance Industries 
(Middle East) DMCC, and domestic 
exploration and production assets 
would not form part of the O2C unit.

 
Also, Reliance’s textiles business as 
operated out of the Naroda site, 
Baroda township and land, including 
cricket stadium, Jamnagar power 
assets, and Sikka Ports and Terminals 
Limited would also not be part of the 
O2C unit. Ambani had in July 2019 
stated that the process of spinning 
of O2C into a separate subsidiary 
would be completed by early 2021. 
Reliance owns and operates twin 
oil refineries at Jamnagar in Gujarat, 
with a combined capacity of 68.2 
million tonnes per annum. It is also 
the country’s largest petrochemical 
manufacturer with units at Jamnagar, 
Dahej, Hazira, Nagothane, Vadodara, 
Patalganga, Silvassa, Barabanki, and 
Hoshiarpur. The company holds a 
66.6 per cent stake in the KG-D6 
block where it is investing about USD 
5 billion in developing a second set 
of gas discoveries along with BP. It 
also has a similar stake in the NEC-
25 block in the Bay of Bengal and 
operates two CBM blocks in Madhya 
Pradesh. These upstream assets are 
not part of the O2C unit. “Reliance 
O2C (is) one of the most integrated 
manufacturers of value-added 
fuels, chemicals and materials,” the 
presentation said. “O2C to maximize 
downstream, reduce transportation 
fuels and create clean and green 
energy platforms.”

Tata Chemicals terminates 
agreements with ANSAC
Chemical Weekly | 19 January 2020

Tata Chemicals has said that its 
subsidiary, Tata Chemicals (Soda Ash) 
Partners (TCSAP), has served a notice 
to withdraw from American Natural 
Soda Ash Corporation (ANSAC) 
effective December 31, 2022. TCSAP 
will continue to fulfil all its obligations 
as a member of ANSAC until the 
termination date, including utilising 
ANSAC as its exclusive export sales 
outlet for all of its U.S. produced 
soda ash sold to all territories serviced 
by ANSAC. “Tata Chemicals will 
focus on developing an integrated 
world class customer centric global 
sales organisation, serving customers 
diverse needs from locations in India, 
UK, Kenya and USA,” the company 
said in a filing to the BSE made on 
January 1, 2021.

DCM Shriram plans 
`1,070-cr investment
Business Line | 19 January 2020

The proposed investments include 
setting up a 52,500-tonne-per-year 
hydrogen peroxide (bleaching agent 
used in multiple industries) unit and 
a 51,000-tpa epichlorohydrin (a raw 
material for epoxy resin production) 
unit along with a glycerine purification 
facility at its existing Bharuch plant 
in Gujarat, a company statement 
said. It will also increase aluminium 
chloride production capacity at the 
plant by 32,850 tpa from the present 
21,900 tonnes. All projects will be 
implemented over a period of 24 
months.

Though the DCM board approved 
an investment of `1,070 crore, 
there was pushback on timelines 
due to Covid-19. As a result, its 
120 MW power plant will now be 
commissioned only by the fourth 
quarter of the next financial year.

“These investments will provide 
strength to our overall chlorine 
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utilisation strategy and pave way for 
DCM Shriram to enter into value-
added businesses. We are widening 
horizons by going beyond caustic and 
chlorine into hydrogen peroxide and 
epicholorohydrin while leveraging 
our strong product base and cost 
competitiveness,” said Ajay S Shriram, 
Chairman & Senior Managing 
Director, DCM Shriram Ltd.

DCM Shriram is the second largest 
Chlor Alkali producer in India with 
an existing capacity of approximately 
6.50 lakh tpa between its Bharuch 
and Kota manufacturing facilities. 
The Bharuch facility is the single 
largest Chlor-alkali site in India and 
this expansion will further enhance 
the scale along with the necessary 
integration capabilities.

Andhra Sugars planning 
caustic soda expansion
Indian Chemical News | 18 January 2020  

The Andhra Sugars Limited is planning 
caustic soda plant expansion and 
has submitted its application to the 
Ministry of Environment, Government 
of India for 400 TPD.

The present installed capacity of the 
Caustic Soda plant is 500 TPD and 
the company has commissioned 100 
TPD expansion plants in the month of 
August 2019. 

Tata Chemicals announces 
scholarships to students 
of Chemistry and 
Chemical Engineering
Chemical Weekly | 12 January 2020

Tata Chemicals has consistently 
harnessed innovation to deliver 
value for customers and serve society 
through science. This vision was 
strengthened decades ago, under 
the leadership of Shri. Darbari S. 
Seth, known as the man with the 
Midas touch. To commemorate 
the visionary’s birth centenary, 
Tata Chemicals has announced a 
scholarship to provide financial 
assistance to students for higher 
studies.

To foster an equal opportunity 
environment, the ‘Shri Darbari 
Seth Scholarship’ will be applicable 
to the students who are residents 
of Okhamandal, wards of Tata 

Chemicals’ employees and students 
belonging to the focus segments as 
specified in the company’s diversity 
policy, i.e. gender, disadvantaged 
communities, and differently abled.

Speaking at an event to mark the 
occasion, which was attended by 
many past and present employees of 
Tata Chemicals, Mr. R. Mukundan, 
MD & CEO, described Mr. Seth 
as a technocrat and a man who 
understood the power of the human 
touch.

Mr. Darbari Seth, the first R&D 
manager the group had as a CEO, 
was a chemical engineer from the 
University of Cincinnati in the US.
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NOTIFICATIONS/PRESS RELEASES/MEMORANDA

1. Anti-dumping investigation concerning imports of Caustic Soda originating in or exported from Japan, Iran, Qatar, and 
Oman – 19/01/2021

 https://www.dgtr.gov.in/sites/default/files/caustic%20soda%20extension.pdf

2. Anti-Dumping Original Investigation concerning imports of “Soda Ash” from Turkey and USA 
a) Preliminary finding – Customs OM dated 14/10/2020 – published on 01/01/2021
 https://www.dgtr.gov.in/sites/default/files/OM%20ADD%20Soda%20Ash%20to%20DGTR%20%282%29.pdf

b) Final Findings – 19/01/2021 https://www.dgtr.gov.in/sites/default/files/Soda%20Ash%20FF%20English.pdf

3. Anti-Subsidy Investigation concerning imports of Soda Ash originating in or exported from Turkey – Termination 
Notification – 27/01/2021

 https://www.dgtr.gov.in/sites/default/files/Termination%20Soda%20Ash%20English.pdf

4. Amendment in import policy of Coal and incorporation of Policy Condition No. 7 in Chapter 27 of ITC (HS), 2017, 
Schedule – I (Import Policy) - 28/01/2021

 https://content.dgft.gov.in/Website/dgftprod/7a6a9b39-d2ce-405b-bcea-1b0c8c3b4ccc/Notification%20No%2056%20
dated%2028-01-21%20English.pdf
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1 Alkali Imports (MT)

KEY INDICATORS DECEMBER 2020
Qty (Dec 

2020)
Qty (Dec 

2019)
% Difference  

(Y-o-Y)
Qty (Nov 

2020)
% Difference  

(M-o-M)
FY 2020-21  
(upto Dec)

FY 2019-20 
(upto Dec)

% Difference Total Imports  
2019-20

Caustic Soda 21,642 34,385 -37.1% 29,930 -27.7% 226,021 276,696 -18.3% 374,976

Soda Ash 110,735 65,603 68.8% 63,956 73.1% 546,394 753,371 -27.5% 946,031

Average Price in Dec 2020: Caustic Soda - 320 USD/MT (Lye) & 250 USD/MT (Flackes); Soda Ash - 203 USD/MT 

2 Foreign Trade - Merchandise (US$ billion)

Dec 2020 Dec 2019 % Difference FY 2020-21(upto Dec) FY 2019-20(upto Dec) % Difference Total Imports 2019-20

Imports 42.6 39.6 7.6% 258.3 364.2 -29.1% 467.2

Exports 26.9 27.1 -0.8% 200.6 238.3 -15.8% 314.3

Surplus/Deficit -15.7 -12.5 -57.7 -125.9 -152.9

Dec 2020 Dec 2019 % Difference

Mining 115.1 120.9 -4.8%

Manufacturing 137.5 135.4 1.6%

Electricity 158.0 150.3 5.1%

Dec 2020 Dec 2019 % Difference

Chemical & Chemical Products 131.8 123.0 7.2%

Textiles 114.6 123.5 -7.2%

Paper & Paper Products 77.7 94.1 -17.4%

Basic Metals 178.0 170.9 4.2%

Dec 2020 Dec 2019 % Difference

India NA NA -

Russia 112.5 113.6 -1.0%

Brazil 100.4 95.1 5.6%

European Union (27) 103.0 102.5 0.5%

USA 102.0 105.3 -3.1%

3 Exchange Rate (Rs./USD)

Dec 2020 Nov 2020 % Difference

Net Foreign Direct 
Investment

6,526 5,650 15.5%

Net Portfolio 
Investment

8,403 9,427 -10.9%

Total 14,929 15,077 -1.0%

11 Foreign Investment Inflows (US$ Million)

4 Index of Industrial Production (Base: 2011-12=100) 

5 Index of Core Industries (Base: 2011-12=100) 

6 Index of Industrial Production - Broad Sectors (Base: 2011-12=100) 

7 Index of Industrial Production - Manufacturing Sub-groups  
   (Base: 2011-12=100) 

8 Index of Industrial Production Country-wise Comparisons  
   (Base: 2015=100)     

Dec 2020 Nov 2020 Oct 2020

73.59 74.22 73.46

10 Consumer Price Inflation - Industrial Workers (Base: 2016=100)

Dec 2020 Dec 2019 % Difference

118.8 118.1 0.6%

Dec 2020 Dec 2019 % Difference

135.9 134.5 1.0%

Dec 2020 Dec 2019 % Difference

133.8 135.5 -1.3%

12 Foreign Investment Promotion Board (FIPB) Approvals (US$ Million)

Dec 2020 Nov 2020 Oct 2020

55 48 45

13 Foreign Exchange Reserves (US$ billion)

Dec 2020 
(as on 25 Dec 2020)

Nov 2020 
(as on 27 Nov 2020)

% Difference

581 575 1.0%

14 Fiscal Deficit (Apr 2020-Dec 2020)

% of Actuals to Budget Estimates FY 
2020-21

% of Actuals to Budget Estimates FY 
2019-20

145.5% 132.4%

15 Purchasing Managers Index (PMI)

Dec 2020 Nov 2020 Oct 2020

56.4 56.3 58.9

Index over 50 shows expansion, while below 50 means contraction

9 All India Inflation Rates (Base: 2012=100)

Dec 2020 Dec 2019 % Difference

157.3 150.4 4.6%

Data Source: GOI, OECD, IHS & AMAI Research
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 Corporate Office: Nuberg House, A38 H, Sector 64, Noida 201301, Delhi NCR, India

NUBERG EPC
Making Ideas Happen

ENGINEERING TECHNOLOGY KNOW-HOW PROCUREMENT CONSTRUCTION PROJECT MANAGEMENT

TURKEY
Sulfuric Acid EPC Project

ABU DHABI
Calcium Chloride EPC Project

INDIA
Hydrogen Peroxide EPC Project

PARAGUAY
Chlor Alkali EPC Project

EGYPT
Sulfuric Acid EPC Project

SAUDI ARABIA
Anisole EPC Project

SWEDEN
Chlor Alkali EPC ProjectChlor Alkali EPC Project

ABU DHABI

Nuberg EPC is a global EPC and turnkey project management company providing soluons with basic engineering and process know-how 

either from its own intellectual property or licensed from technology suppliers. Having set up 60+ greenfield projects worldwide with modern 

technology, Nuberg is one of the fastest growing EPC companies in Chlor Alkali, Hydrogen Peroxide, Sulfuric Acid and Calcium Chloride. With 

in-house engineering set up of over 300000 available man-hours, construcon team, state-of-the-art fabricaon facility and Sweden based 

R&D centre, Nuberg EPC provides services for industrial plants with modern skid mounted technology. The company also offers EDC, VCM 

and PVC plants which can use chlorine for EDC producon.

AK TYAGI
CMD, Nuberg Group

India based Global EPC Company

Operang in 32+ Countries

115000 sqm. Manufacturing Facility in Gujarat

750+ Engineering Professionals

R&D Facility in Sweden

TURNKEY PROJECTS DELIVERED IN 32+ COUNTRIES

www.nubergepc.com | epc@nuberg.in

Chemicals & Fertilizers

Steel

Hydrocarbons

Nuclear & Defence

EPC & LSTK SOLUTIONS 
DELIVERED ACROSS INDUSTRIES

SINGLE POINT SOLUTION EPC COMPANY

Published by ALKALI MANUFACTURES ASSOCIATION OF INDIA 
3rd Floor, Pankaj Chambers, Preet Vihar Commercial Complex, Vikas Marg, Delhi 110092 
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