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Respondent A-Interview 1 

To protect the identity of the respondent, their name, job title and job responsibilities have been 

removed from the transcript. The respondent is called as ‘A’ and is a professional from the chlor-

alkali industry. The transcript of the interview between A and Subbaraman (S) follows. The interview 

took place on June 18, 2020 between 0920 hrs - 0955 hrs for approximately 35 minutes. The 

medium of the interview was through an online voice call and it was recorded for further reference.  

Transcript starts 

S: Good morning.  

A: Good morning.  

S: Can you please tell us your name and also briefly describe your job responsibility and also about 

the organization ‘K’. 

A: XXXX 

XXXX 

S: Yeah, exactly. So, I think I'll move on to the next question. So, can you briefly describe the 

production process? 

A: That is on our website or in the brief document, I think we should not spend time on this, that is 

clearly written down everywhere.  

S: Okay, okay then. I think we will just concentrate on the…, I think this will be important, what are 

the storage criterion for the products for the chlor-alkali industries?  

A: Umm... yeah, as we produce three type of products chlorine, caustic and hydrogen in the majority 

of cases. Yeah well, the storage criterion, for chlorine the criterion is to have almost no storage. 

Chlorine can be transported as gas or as liquid and stored as liquid, hydrogen mainly as gas 

(sometimes as liquid) and caustic mainly as 50% solution in water.  

S: Okay.  

A: For caustic we have a lot of storage and hydrogen it is small or no storage. So, chlorine and 

hydrogen normally directly go to the customer. And even more stringent effect the customers drive 

the speed of our production. 

S: Okay, so if customers are running at a high throughput. Chlor-alkali production should also be 

increased to meet their demand, you mean to say? And the other way around when the (chlorine) 

customers decrease their production the chlor alkali installation also has to reduce its production? 

A: I don't know if that is exactly the same. Our chlorine consumers dictate our production rate. So, if 

they go down, we go down and if they go up, we go up.  

S: Yeah Yeah.  

A: Because there is no storage.  



S: Okay, okay. That is good.  

A:  But storage is normally in Europe in magnitude of few hours of production. 

S: Okay, a few hours, only that quantity is under storage, okay.  

A: Yeah. For chlorine. For caustic that is different. And caustic normally we have much more 

customers and for chlorine, we have limited customers. A chlorine plant has maybe one, two or 

three customers while there might be 300 caustic customers.  

S: Okay.  

A: Caustic customers are also normally widely spread around the plant. So, there you bring the 

caustic to customers via pipeline, ships, rail and tankers whatever, while chlorine, the majority, the 

far majority is by direct connection via pipelines. Okay, we only transport roughly 4% of our chlorine 

production by rail tankers and road tankers. 

S: Okay. So, can I assume that even all the chlorine consumers are also staying in a close geographic 

proximity to the…? 

A: They are very close to the chlorine production plant. Say, the longest pipeline we have is 10 

kilometres.  

S: How about hydrogen? It is produced in lesser quantities than chlorine and caustic but does a lack 

of demand for hydrogen affect the supply chain?  

A: Not really, a part of the hydrogen produced is vented to atmosphere because there is no 

economic outlet.  

S: There are three different processes for chlor-alkali production, I believe two are in use right now. 

Does the type of process have an implication for the supply chain? What I would like to know is 

whether there is quality, yield, price or any other parameter difference between the different 

processes? If yes, does this affect the choice of customers in the supply chain? For example, would 

the customers rather have chlorine/caustic/hydrogen produced from membrane cell process rather 

than diaphragm cell process?  

A: For chlorine and hydrogen there is no difference. The chlorine quality is more determined by the 

type of impurities in the salt e.g. bromide/bromine. But there is a quality difference in the caustic 

between membrane and diaphragm processes. Diaphragm is less pure as it contains normally more 

NaCl. For some customers this is critical but for most caustic customers this is not a critical issue. 

Thus, I would say that the type of process has a negligible effect on the supply chain.  

S: Okay, okay. That is good. Okay, I think this would be an important question. So, is the European 

chlor-alkali industry, facing competitive pressure from Asian industry, or American or other markets? 

A: Directly not, it's more indirect. Chlorine, so as I said chlorine will not be transported, you're not 

going to transport chlorine, but you're going to transport the downstream products. Those can also 

be produced in Asia, in the US, and especially due to the fact that energy in US and other areas of 

the world is much cheaper than in Europe, so there is a pressure/competition from the outside 



(Europe) world. And on top of that is the whole change of Europe to become carbon neutral might 

make the pressure even larger. Caustic is transported worldwide in big ships. Also, caustic is brought 

from Arabia, US mainly, to Europe. From China it is not that much, from China it's mainly going to 

Australia for the aluminium industry. From India, there is a bit but not that much. India doesn't have 

yet a large chlorine industry. 

S: Okay okay sir and so this brings us to the end of the first section of the interview where we are 

discussing in general about the supply chain. So, is there anything else you think any important point 

that we have not covered in these questions and if you would like to elaborate?  

A: Yeah, so chlor-alkali is at the start of a huge amount of chemical products, you cannot imagine 

where chlorine, caustic or hydrogen is involved. So, when you look through, where all the major 

outlets of chlorine and caustic are. And then you see it's really, on, on the, on the start of everything. 

Everything you wear as clothes, the coffee or tea you drink the glass you used to put in your coffee, 

tea, your water whatever. The cars running on the streets. The houses being built, is based on 

chlorine chemistry. 

S: Okay, yes sir, I would also agree with that point because I had also seen the flowchart that you 

were talking about. So literally, that is one of the reasons why I chose to survey the chlor-alkali 

industry, because it has a huge downstream, I would say. So, in that aspect, my next question to you 

is, like, how would you define supply chain resilience, and how important is that for the global chlor-

alkali industry?  

A: Yeah, that's a bit on what you understand by resilience in this case.  

S: Okay. 

A: What is your idea on this? 

S: Well, academically speaking the journals are defining supply chain resilience as the ability of 

supply chain, you know, in case of a disruption to get back to a normal or acceptable level of 

performance at the earliest. 

A: Yeah, but that is broad. Say the whole supply chain, if one of our chlorine customers stops to 

produce, we have a problem. And as such chlorine has a very short supply chain. 

S: Yes. 

A: The customer is really next door. So, there is not much interruption in that, in respect of danger 

that supply chain is interrupted. It's more of a problem if the downstream users of the products have 

a problem. Then there is an interruption. So yeah, is it an interruption in the means of the supply 

chain, or is it an interruption in the production steps in the downstream users?  

S: Well, it actually includes both; the disruption can come from any angle; it can also because of 

external events, for example now we are facing the COVID crisis, which is also it can also cause, you 

know, disruption in many supply chains. 

A: Yeah, that is disruptive in many supply chains because as the whole car industry is more or less 

going down to zero, all the goods used in the car, and a lot of them are chlorine based, see a 



problem. So, the outlets to those chains, is blocked. Yes, and the whole problem is that we produce 

three products in one step. So, if there is a problem is one of the chlorine customers we also 

produce caustic, less caustic and less hydrogen, so also those consumers are affected. So, it's always 

a chain effect. 

S: Yes sir, I understand that. Even now that we have discussed about the process. And since there is 

no storage of chlorine in between. So, if your chlorine customers are going to demand lesser and 

lesser of chlorine, you are consequently producing lesser of caustic, and also lesser of hydrogen. But 

which is also used in other industries downstream, which is also getting affected and they also have 

to slow down. 

A: Yes, it is more or less of a snowball effect. It starts in one corner and it is spreading all around. For 

caustic we have storage, and so the effect will be less dramatic, it will not be immediately. Because 

you first will decrease the storage volumes, but in the end it will affect. 

S: Yeah, I understand that. And so, you must be in touch with a lot of chlor-alkali producing 

organizations. And what can you say about them systematically analysing their supply chain risks and 

acting on it? What fraction of organizations that you deal with, you think are doing their work 

systematically in analysing their supply chain risks? I know that's a very tough question, but I will 

leave it up to you to answer. 

A: No, that is okay. Every organization has limited numbers of people, because it's not that difficult 

to see what's going on in the world, and how this can affect their consumption. And that is based on 

daily contacts of course with the customers, on a day to day basis. But also, on the longer run, what 

are their predictions in production? How do they see developments in their area? But such a thing as 

COVID, you cannot predict. 

S: Yeah, Exactly. That is true.  

A: So, say the long-term threats. Say, do people change from PVC to aluminium for window frames 

or do we see an increase in insulation demands? So, an increase in polyurethanes? Do we see an 

increase due to the change of the energy systems go to solar and wind energy? There we see an 

increase in that areas, and that is often predictable, and you can partly adjust to that. But the crisis 

such as COVID or an economic crisis, the more general, which we have on a regular cycle anyhow, 

that is already predictable, a bit, but also not really predictable. So, there are people working on, and 

yes, of course, you have your intelligence, how your downstream is doing and what they expect on 

hourly basis, weekly basis, monthly basis, yearly basis and even longer horizons. And then when you 

look to chlorine, on an hourly or minute basis, the big chlorine consumers are directly connected 

with the control room of the chlorine plant, or sometimes even so far, directly connected. When 

they tune the production automatically the production of the chlorine plant is tuned. And when we 

make the step to industry 4.0, which is already there for quite some time. 

And yes, also what do you understand on the 4.0? In this type of processes, we were already acting 

for years and it's not only in the downstream use the same counts for electricity. Electricity is our 

main raw material. So, when there is lack of electricity, we have to tune down our chlorine 

production as well. We are steered by two phenomena one on the upstream side and one on the 

downstream side. And those also direct connections with electricity supplies, if they have problems 



in getting the grid stable, we tune down our production units to keep the electricity grid stable. Also 

immediately affecting again, our customers. So that's, and there's a lot of IT, and direct interference 

involved in that and also models to, to reduce drastic effects. Looking to caustic over the last years, 

we are connected with the biggest customers and their storage tanks in order to keep a certain level 

in their storage tanks. So, our logistic chain, either being trucks, caustic is mainly trucks, ships and 

railroad. That supply chain is steered based on the consumption, and the desired levels of storage at 

our customers. Also, all via direct IT connections. Okay. Okay. Can we do more? Yes, because the 

way things are developing makes it easier to do more. We follow our trucks where they are. We 

follow our trains, where they are, if they are still on schedule. How should we react if they are 

delayed? 

S: Okay, I just have a quick question for you. So, you were saying that in the control room of the 

chlorine production plant, so if you're facing a problem, for example, with respect to electricity 

availability, you tune your production rate. And accordingly, the downstream chlorine user 

production plant also their production rate also gets tuned.  

A: Depending on how severe the increase or decrease is. And then, as I said, for chlorine we have a 

few hours of storage, so there we can play a bit without affecting the customer directly. Plus, it can 

also mean that we have to affect the customer, and that is also depending on the type of contract 

that you have with your customer.  

S: Yeah, but what I am trying to understand is are they a part of the same organisation or are they 

also different?  

A: Can be the same organisation, can also be completely different companies.  

S: So, what I am trying to understand is even when the companies are different, both the control 

rooms may have some common interconnections.  

A: Yes.  

S: Okay. Okay.  

A: And as I said, we are also measuring the levels in storage tanks of our customers. And of course, 

all that has to be contractually arranged and that’s not always easy, especially for caustic. For 

chlorine, you cannot switch easily from one supplier to another because you are really connected by 

pipelines. For caustic, you can switch, so sometimes that signal goes to more suppliers.  

S: Yeah. So, I think now you have answered quite a few of the following questions.  

A: When you look at Industry 4.0, it goes to more than just logistics and production, sometimes, for 

very critical equipment in our installation, we are connected to maintenance service organisations. 

They monitor the status of our equipment to see when they can do maintenance. We follow the 

performance of our membranes, sometimes even outside companies do that for a member to see 

how they can improve. These modern IT tools make more and more possible to make use of external 

experts, good connections, making all the background calculations on how to improve your 

maintenance, how to improve performance of the plant. Sometimes we are seen as old fashioned, 

some areas I think we are front runners, sometimes we are a bit lagging behind because bringing in 



these new tools and replacing old ones is not always easy. The price of the systems become cheaper 

and cheaper, so it becomes also easier to do it. And that is the big step we have had in the last years, 

and probably will see in the coming years that these developments will go faster. One of my last 

projects in the company was we developed a small and completely remote-controlled chlorine 

production unit for our customer, without any operators on site. So, yeah, in the end, the sky is the 

limit they always say. Can we do more? Yes, we can still do more.  

S: That is great to know. I just want to ask a quick critical question at this junction, at what stage is 

the chlor-alkali industry at with respect to adopting and implementing these technologies? Would 

you say it is at a low end, medium or advanced adopters?  

A: In general, looking into the overall mix of all members, I still think its medium, but we have, some 

of our members are really top.  

S: At the advanced end you mean?  

A: Yeah, very advanced.  

S: Yeah, even I remember going through the BASF website and all, they had put up a lot of concepts 

with regard to smart manufacturing and Industry 4.0. And yes, I think I can really relate to that.  

A: For BASF, for chlorine, the majority of their users are internally inside the company, even on the 

same site. There its maybe easier because you don’t have to negotiate all kinds of contracts with 

different parties. But also, outside BASF, there are companies that are very very advanced. Some 

make that very visible on their website, some are modest in that they don’t shout, but do. The 

developments in this area and the opportunities are so enormous. It is very difficult to follow up and 

implement everything as it’s a matter of availability of investment money and how you earn it back.  

S: Were you familiar with the term Industry 4.0 prior to this interview?  

A: Yes, I came across this term about six years ago.  

S: Okay. So, moving on to the next question, can you highlight the benefits of implementing this 

Industry 4.0 system?  

A: I think the benefits, when you look at the logistics chain is optimizing and minimizing storage 

volume, optimizing transport costs, that is for sure a benefit. When I look to making use of smart 

systems to optimize your own process in energy consumption, because there is also a lot of 

developments combing all kind of measurement and signal inside the plant to tune the energy 

consumption. I think that is also another benefit. We see more and more new measuring systems 

combining all kind of signals of measurement in the plant to improve safety to already predict in 

advance, that there might be something going wrong in this area, take care. Advising the operators 

that it might go wrong. That can be either an improvement to the production process by reducing 

variable cost or improving safety, finetuning maintenance, be aware, we have to replace this and 

that pump in the coming weeks, what would be the best moment? Okay, they predict a short 

shutdown of one of our customers, maybe we can do tomorrow. The huge benefit is improving 

safety, reducing logistic cost and reducing variable production cost.  

S: By variable production, you mean electricity and such costs?  



A: Yes, for us that is mainly electricity.  

S: How about with respect to supply chain responsiveness and supply chain flexibility.  

A: Yeah well, as I said, you’re trying to, with more information, you’re trying to limit the flexibility in 

the supply chain. Storing 10 weeks of caustic production can create huge flexibility for the system, 

but with the use of these smart systems, you can reduce the amount of caustic you store. So, in 

effect you make yourself more vulnerable to cope with disruptions but with the use of smart 

systems you try to avoid disruptions.  

S: What you’re indirectly trying to say is that you want to run the production process at a very steady 

speed and not change the rate very often.  

A: Within the restriction given and the limited storage of chlorine, yeah.  

S: Are there any outages in such systems? In the electronics? Can you say an example how?  

A: First of all, it can happen that there is an electricity blackout, then you’re down. It can be that the 

customer has a huge problem, which usually affect your production. So, there are incidents having 

an effect and then you have your plant outages. Once in a while, you have to take down the whole 

production to do maintenance.   

S: But I was thinking more on the lines of, you know, if anything goes wrong, for example, any 

miscommunication or things like that, any failure of the system, for example, electricity failure or 

similarly an outage of the control systems in the plant.  

A: Normally, we make these systems very robust by installing double systems, having independent 

electricity feed, having emergency power backup. Yes, and of course when there is somewhere a 

hick in the cable, then you have to have a backup on how to maintain the operation running because 

we do not accept a shutdown due to a hiccup in your IT systems.  

S: Can you think of a recent example or anything that comes to mind to illustrate it?  

A: No. Except of an electricity blackout, that is really direct, but also, a whole measurement and 

control system is normally double, on an independent electricity supply and on top of that we have 

emergency power and battery backup. So, we do not allow the whole IT infrastructure to go down.  

S: So, you are going to great length and you are exerting yourself so much so that you don’t want the 

IT systems to go down at any cost.  

A: More or less at any cost, because our safety system and the whole operation of the plant is based 

on the process control system. If that fails, we are out of order. So, we cannot accept that. Also, 

because we don’t have the people at the plant to take it out of operation. All our safety systems, 

that have several lines of backup in order to keep them running. And yeah, it is not 100% impossible, 

but it is close to that.  

S: Are you able to think of any other risks that can be caused due to the implementation of these 

Industry 4.0 technologies? Or this automation?  



A: Yeah, what is of course the biggest fear is, as long as you are inside the boundaries of your plant 

for using the system, you can easily make it stand alone, but, as I already said, we are expanding to 

get signals in from our customers storage tanks, we are connected to the maintenance companies 

who follow the status of our equipment. The more you are going outside your network, the more 

you are using public IT infrastructure, the more vulnerable you might be for hacks and these kinds of 

things. So how to protect against that? And that is an increasing discussion on how to protect against 

these kinds of things. For the very important lines to our customers, we have our own independent 

cables etc. but at a certain moment you are making use of the public things and you’re connected to 

public services and public connections and how to protect so that strangers cannot interfere in the 

process. So, there it becomes more vulnerable and you have to take more measures. If anything, 

sometimes the technical things you can benefit from.  

S: Can you elaborate on the last part that you just said?  

A: If you can make use of much more IT tools that are available but if you judge the risk of 

interference you choose not to use them, you are not using the most optimal solution, because of 

the risk you judge that it can be misused by others. A lot of companies still do not allow for instance, 

external partners to monitor the performance of a piece of equipment although that could be very 

beneficial.  

S: Okay, for example, you were saying for maintenance and for planning that and to record the wear 

and tear etc.  

A: Yeah.  

S: Okay, we are almost at the end of the interview, we have a couple of questions to go and now 

what I would like to ask you is that you mentioned quite a few times during the interview that a 

benefit of Industry 4.0 is improving safety. Can you give an example for this?  

A: Reducing storage volumes, following where the transport vehicles are, improved measurements 

and performing smart combinations to predict safety performance of the installation.  

S: Other than cyber security risk, can you think of any other risks for Industry 4.0 implementation? 

For example, more automation may mean lesser labour requirement which may lead to unrest. It 

can also mean capability loss-employees lose the skill and knowledge of something when it is 

automated. 

A: The number of people working in our installations is already rather low. Yes, there will always be 

pressure to reduce the number, and indeed the other risk is that we automate so much that people 

lose their skills. But the automation also allows that you can train people with models etc  

S: Okay. I think we have covered more or less all the relevant aspects, but do you think any other 

thing is relevant and have not been covered by the questions?  

A: No, not at this moment.  

S: That is good then, thank you for your time, with this I will stop the recording.  

A: Thank you, I am looking forward to the results as well.  



Transcript end.  

  



Respondent A-Interview 2 

To protect the identity of the respondent, their name, job title and job responsibilities have been 

removed from the transcript. The respondent is called as ‘A’ and is a professional from the chlor-

alkali industry. The transcript of the interview between A and Subbaraman (S) follows. The interview 

took place on September 16, 2020 between 1000 hrs – 1040 hrs for approximately 40 minutes. The 

medium of the interview was through an online voice call. The call was recorded and converted into 

a transcript. This transcript was approved by the interviewee with minor changes and used for 

further reference.  

Transcript starts 

S: Good morning.  

A: Good morning.  

S: So, first discussion that I would like to take up with you is regarding smart manufacturing facilities. 

So, we will be first discussing about what is happening inside the boundaries of the plant, and how 

industry 4.0 is being used. And, then we will try to discuss about from the whole supply chain 

perspective which is nothing but the smart supply chain. So, coming to discuss about smart 

manufacturing. So, what I would like to ask you is, when you have implemented some smart 

manufacturing technologies in a chlor-alkali production plant, how do you feel it influences the 

responsiveness of the system? By system I mean the plant. 

A: It is not possible to judge this as it is different for every plant. This you should ask people in a 

plant, in an installation. The net effect is that it should not influence the system. Otherwise you 

would not implement it.  

S: Okay. But would you say that it improves the responsiveness of the system, you know, when 

compared to a manual operation and now you have automated with smart manufacturing, wherein 

you require you know very little intervention into the operations. So, do you feel that the 

responsiveness is better in this case?  

A: Depends on the type of the plant. 

S: Yeah, we are talking about the chlor-alkali plant.  

A: Then it depends on the type of interruption, I would say.  

S: Okay, can you say an example of an interruption and see how your system will try to respond to 

that?  

A: For instance, if there is no electricity, the system will shut down. That is very fast when the system 

is automated. When there is no supply of salt, the system must shut down, but this can be done 

slowly as you see it in advance that you are not getting salt and it also depends on the amount of 

storage available. Same applies for the supply of water as well. This also depends on how much your 

internal storage and how long you can cope with it.  



S: Okay, so what you are saying with regard to the parameters of the plant, if you say that there is a 

fluctuation and there is a disruption in that supply of a raw material your plant can recognize that 

and try to respond to that automatically.  

A: or not automatically when there is enough time to react because you have for instance a large 

amount of stock available on site It depends on which system is interrupted. It all depends on how it 

is programmed and organised. 

S: Okay. Yes. We were talking about responsiveness. So, can you say anything about preparedness 

for example, trying to identify the risk before it happens. I think you were also saying this previously, 

so how does smart manufacturing help you in preparing for a disruption?  

A: No, but then again, it depends on which part of the supply chain you are talking. When there is a 

high chance of disruption, you can stock up on some materials. But there are some things that you 

cannot stock, like electricity. Some events like this cannot be predicted in advance, whatever 

situation.  

S: Okay, so I think this is also a related question to that. So how about flexibility of the plant when 

using smart manufacturing systems? Does it allow your plant to be more flexible than when you're 

operating it manually?  

A: I would say partly in this case. It depends on which customer you’re supplying. It can react 

sometimes much faster, sometimes much slower. There is no general answer to this.   

S: Okay, okay. So, you're saying it depends on the design of the system. So, if it is designed in such a 

way then there is a chance that it can react fast, it can be flexible and try to go to another state, 

things like that. 

A: It depends on the design of the plant and that is more than only the automation system 

S: So, similarly regarding business continuity in case of any supply chain disruption, how does 

implementing smart manufacturing, influence your business continuity protocols?  

A: What do you understand with business continuity?  

S: In case there is a disruption, but still your business is able to perform, you know, maybe not at the 

required pace or record throughput, but maybe at a reduced throughput, but you have to plan for 

that in advance sometimes. 

A: Yeah, again, this can go in 1000 directions. So, yeah. Will you be more specific?  

S: Let us say from an operational perspective, your demand is dropping suddenly because your 

customer’s customer has some problem in his factory, and he must shut down for a few days or 

something like that. So, how do you continue? How do you identify that and how is business 

continuity established for you?  

A: If it is your only customer, and if he shuts down, then you also must shut down. But if it is just one 

in hundred customers, then you just adapt your production levels accordingly. It depends on the 

situation, there is no general answer to this.  



It also depends on the customer and mode of transport. If it is a pipeline customer and there is not a 

lot of stock in between, then you must react very fast. If there is a lot of stock in between, then you 

can take your time and you do not need automation at all.  

S: I think that's a good response there. And so, extending this concept of smart manufacturing to 

outside the plant. You're also having some smart supply chain technologies that we were discussing 

about previously. So how does having a smart supply chain does that in any way, improve your 

preparedness levels for any disruption?  

A: I feel it helps. The company can hopefully operate in a better and smarter way when having more 

automated information. But also introduces risks that when it fails, the disaster could be larger than 

before. That is the risk of extending these systems to the outside world: the risk of hacking and 

external interference is increasing. 

S: Okay, I'm sorry but I missed a portion of what you said. So, would you mind repeating please?  

A: The more the system is extended outside the boundaries of the plant, the more is the risk of 

external interference like hacks. So that may be small automations you get does not reflect a higher 

risk of larger interruptions.  

S: Does this warn you in advance? For example, if you are about to have a disruption, maybe from 

your supplier side or from your customer side. Having these connections with your supply chain 

partners, is it a useful in any way in giving you advance warnings? 

A: Depending on the design of the system, it can have advantage or no advantage. Suppose with the 

logistics, if you have stock for 10 days and the ship comes every 10 days, then having a fast system 

does not help. But if there is lesser stock and you must react immediately, then you can have huge 

benefit with these fast responding systems.  

S: So, I'll ask a similar question again. but I think since we are discussing quite some time I feel even 

regarding responsiveness or flexibility or even for continuing your business, I feel it depends more 

on the design of the system. So far in whatever direction that our discussion is going forward. 

A: Yeah. And that is probably not dictated by IT. It is dictated by other things. How far is the 

customer away? And what is his stock options? What are your stock options? What is the way you 

supply it? Is it by pipeline? Is it by ship? And every system has its own dynamics and its own risks 

which you must incorporate in the whole design.  

S: Regarding these logistics options, I feel they are more applicable for the distribution of caustic, am 

I correct?  

A: Yeah.  

S: So, can you tell me what is the procedure that the company usually adopts to keep replenishing 

the caustic tanks at regular intervals? In our previous interview we discussed that you have contracts 

with certain key caustic consumers, and you have the contract that you must keep replenishing their 

tank at regular intervals or so. So, can you give me an example how this how this system works?  



A: You just measure, and you have agreed that you will keep the tank at a certain level. And then it 

depends again when it's pipeline, it is easy to maintain a certain level. And when it is supplied by 

ships, rail tankers or road tankers then the system is different because then you have to take into 

account how much time it takes to fill the tanker, what is the time it takes to reach the customer, 

How much time does it take to empty,  when is it possible to enter the premises of the customer, Is 

it possible only in the daytime? Is it allowed in the weekend? What is the risk of interference of the 

transport route? Etc. So in that case a lot of things must be taken into consideration and of course a 

lot you can model and automate so here a high level of automation helps.  

S: And it also depends I believe on the rate of consumption of your key customer, right? Sometimes 

they may be consuming… 

A: Yes, and if they have other suppliers or are you the only supplier?  

S: So, is the coordination with the customer going to be human to human or is it going to be based 

on the machine input? 

A: Always human to human at the start to get better understanding of the system and the 

automation can offer help to create better models and in the end the automation could maybe take 

over the total process. when smart systems are used one can follow exactly the volume in the tank 

at the customer and also measure his consumption. With that you can predict when you have to 

refill the tank based on the time required for delivery etc you can calculate when the transport has 

to leave on the production site. 

Depending on the customer there will be of course also other arrangements e.g. ensuring that there 

is always a certain minimum level, the customer will give a signal if his consumption pattern is 

changing/deviating from the normal pattern etc. 

But again, this is always tailor made work between supplier and customer. 

S: Okay, so machine input is just an aid to communicate rather and there is always human 

communication is also going to take place?  

A: You always have human communication and then you start to look in at what can we automate 

and what can we not automate? Then again, the highest risk on external communication is how 

reliable is it? What is the risk of hackers?  

S: Is it possible to track the consignments? What is the added safety value of this?  

A: On the tracking I know that some of our members have tracking systems on their transport 

vehicles to see if the transport is going well. With that they can follow where the vehicle is. In case of 

troubles the driver or transport company has to contact the company or the central support lines to 

get support. 

S: Yes, I think We discuss some of these aspects in our previous interview as well. 

Okay. So, now, I think we have discussed a bit about the effects of smart manufacturing system as 

well as smart supply chain on the resilience parameters. So, now I would like to discuss a bit about 

supply chain resilience as such. So, what I found out in the theory was that it has not been measured 



in the right way, so, I have I have split resilience itself into some subcomponents, which is what we 

were discussing about. So, some of them are like preparedness, flexibility, responsiveness. So, do 

you feel these three components are enough or do you feel any other components must be added to 

this from your practical experience?  

A: No, not at the moment.  

S: Okay, because I did a review of the literature and then I came up with this. So, basically what it 

says is that your supply chain has to be prepared and this is like preparedness before the disruption 

event happens, and then once the disruption occurs, it has to be adaptive and responsive as well so 

that you can try to mitigate the effects of that disruption and then your business at the end still has 

to continue, so your performance has to pick back up. So yeah, these are all some of the major 

connotations that I could find in the literature. So yeah, moving on to the next portion.  

So, I just want to, discuss about the individual risks industry 4.0 will bring and I also mentioned this 

in the document that I sent to you previously. So, in there I have listed six types of risks. I just want 

to discuss whether you agree or not with each type of risk that is listed over there. So, first one is like 

the financial risk. So, what would your comments be because there is uncertainty in the returns and 

there is uncertainty in the distribution of funds, your business model also has to change and of 

course, there is competitive pressure also, if your competitive competitor is going to implement, 

then you are also you know, forced to think about it. So, what are your thoughts on these lines? 

A: This is a company decision; I cannot judge this.  

S: Okay, okay. But what I'm trying to ask is, do you agree with these risks do you say you feel 

anything I have stated wrong or anything can be stated in better manner? That is what I'm trying to 

say. 

A: I think there will always be financial and business risks  

S: Okay, so you're saying that always there will be financial and business risks, we have to just try to 

plan accordingly you're saying 

A: I will try to minimize these risks.  

S: Okay. I think we will move on to the next category, which is organizational risk. So, researchers are 

saying that there might be a risk of job losses, and you might have to change the organizational 

structure and then might also be some resistance from current employees when you're trying to 

automate the stuff. So, what are your thoughts on that? 

A: At a certain moment, you can automate more but it does not cost jobs any longer because a 

minimum amount of people is always to be present to ensure safety. There is also a demand for 

workers who have skills to operate the plant. Moreover, the main motive of automation is not in our 

industry to reduce jobs. It's to have increased safety, it's increase reliability, decrease rate of 

response, more flexibility and lowering variable cost of these kinds of things. So, reduction of jobs is 

very seldom the reason for automation. 

S: I understand. So how about resistance from the employees?  



A: There is hardly any resistance from employees. This is because our main motive is not to reduce 

jobs through automation. We are already at such a high-level automation that number of jobs are 

not influenced if you automate a little bit more. There is more a fear that the people do not 

understand any longer all automation and that there is so much automation that the people do not 

long know how to act when the automated system fails 

S: Okay. So how do you handle regarding employee training and qualification? So, when a system is 

automated, of course the skill set the requirements will also change.  

A: This is one of the most complex things to handle. You must build training models. How you get 

your people aligned with the system and how do you train them when the system is not working.  

S: Okay. So, if in case there is a total system failure or something, so how you train them to respond 

to those kinds of situations. And that is a real challenge you're saying. 

A: Yeah.  

S: Okay, okay. So, can you maybe elaborate a bit about one or two procedures that you're aware? 

Maybe that if I put that in my report. Maybe that is useful for other companies that may come 

across my report. 

A: You must train the people about what the automation system is doing and what they are still able 

to do when certain things fail. So, to help in this, we try to fake an incident of system failure and 

train them how to bring back the system to life.  

S: Yeah, there is also another risk that I wanted to discuss about. So, this is nothing but distrust over 

the technology. So, you might automate some of the processes. But sometimes, you know, when the 

systems take a decision, it leads to a negative impact.  

A: Then usually it means that you made the wrong design. 

S: Okay, okay. Okay. So, you're saying you're supposed to, you know, be very careful in the 

programming stage itself. And supposed to run simulations? Can I say that? 

A: Yes.  

S: Okay. The next category that I want to discuss is technological risk. It is nothing but you know, the 

integration of the current equipment with the new technologies. so, for example, you might already 

be having a set of equipment if it is not compatible with these new technology fittings that you're 

bringing in. So how do you make that judgment over there?  

A: I do not see a lot of risk in this area.  

S: Okay. And how about the standards? For example, let us say there are lots of manufacturers for 

providing a certain 4.0 technology. But each manufacturer will have a different standard, right? And 

how do you choose between these standards because you also want to integrate with your other 

supply chain partners. 

A: Having different standards is negative. If the different systems cannot task to each other they will 

not be implemented.  



S: Negative to the implementation, you mean to say? 

A: Yes, when there are different standards, you have to deal with different systems. If the systems 

cannot communicate with each other, it will fail.  

S: Okay. So, this can you say that this also relates to the design of the system? Because, you know, 

even while designing, you have to design it in such a way that it has to have the compatibility. Is that 

what you're referring to?  

A: Yeah.  

S: Okay. So, the next category that I wanted to discuss about was about ecological risk. So, what 

some researchers and some people are saying is that when, you try to automate the processes, the 

efficiencies will increase. And in turn, you are also, consuming larger quantity of raw materials and 

you're also consuming more energy. There are also newer equipment’s, which also consume 

increased energy. So, in turn, it costs us here a negative effect on the environment. So, do you think 

that is true or what are your comments on this? 

A: It can be. There can be a negative effect. All these automated systems also require energy and 

more data will be stored and processed which also costs energy.  

S: Okay.  

A: What you see today, all the data centres and stuff that steers all the automation and integration, 

they consume a lot of energy. So Yeah. It's difficult to judge.  

S: Okay, we have also discussed previously with regard to the IT risks or the cyber security risk. So, 

you have already highlighted that the more you go outside your own network, the more you're 

supposed to use internet and other public infrastructure which put your system at more risk from 

hackers. So, so what are some of the steps you're taking to you know, try to minimize the 

disruptions from that angle?  

A: To stay in a safer environment, these systems should not go through the public but rather private 

network. But this then becomes difficult and expensive.  

S: Okay. So, you're saying you use a bit of public as well as private infrastructure whenever 

necessary?  

A: Yeah.  

S: Okay, so last I wanted to discuss about the legal risks. Do you feel there are any legal or political 

impediments to implementing within Europe?  

A: No.  

S: Or is it the other way around, that government is encouraging to implement these technologies?  

A: There are always legal implication, but not much.  



S: As an ending note, I would like to ask you a very general question. So, you have had experience 

regarding implementation of the systems. So, what do you feel are the major lessons you have 

learned and that could really help other companies that are in earlier stage of implementation?  

A: Companies that sell these kinds of systems always promise a lot. In practice the systems are more 

expensive than the selling companies are telling and can do sometimes less than they promised. Or 

do not bring all the advantages that were predicted. So, when starting with this one should ask a lot 

of questions to get a real good insight if it brings what you want.  

S: Okay, so that brings us to the end of this interview. I thank you for your time and wish you a good 

day.  

A: No problem, welcome.  

Transcript ends 

  



Respondent B-Interview 1 

To protect the identity of the respondent, their name, job title and job responsibilities have been 

removed from the transcript. The respondent is called as ‘B’ and is a professional from the 

performance coating chemical industry. The transcript of the interview between B and Subbaraman 

(S) follows. The interview took place on August 14, 2020 between 1000 hrs- 1040 hrs for 

approximately 40 minutes. The medium of the interview was through an online video call. The call 

was not recorded as per the preference of the interviewee. Instead, notes were made during the call 

and the same was paraphrased into a transcript. This transcript was approved by the interviewee 

and used for further reference.  

---Interview starts--- 

S: Please state your name and describe your role and your organisation.  

B: XXX 

S: Where are the production facilities located?  

B: The production facilities are located at various sites worldwide. We have factories in India, China, 

Netherlands, France, and USA to name a few.  

S: Can you describe the supply chain of your organisation?  

B: The supply chain is quite complex. We have customers all over the world. Historically, as we are 

primarily a leather treatment chemical production company, we have been located nearby leather 

factories. These factories are in turn located near the meat industry. Thus, we have been located 

close to the leather and meat industry previously but of late as supply chains have become more 

global in nature, this does not hold true. We have expanded and are present at many locations 

across the globe.  

Additionally, some of the manufacturing activities are outsourced to other organisations. And 

sometimes, there are many intermediates that are produced at one location and then transported to 

another location for further processing. Thus, there is a considerable internal supply chain activity as 

well.  

S: Is a single product produced only at a single manufacturing unit? Or are they produced in multiple 

units worldwide?  

B: Currently, a single product can be produced at multiple production units although most products 

cannot easily be relocated from one site to another due to the specific raw materials supply as well 

as manufacturing technologies on each site. For example, frame retardant coating is produced in the 

USA alone. But these exceptions are only a handful.  

S: Is there any seasonal effect for the products?  

B: Seasonal effects are very minimal and can be handled by us. One example is the fashion industry 

that produces leather apparel. It is in higher demand in colder seasons than in hot seasons. But this 

fluctuation is not significant.  



But there is a higher volatility in the supply chain. For example, in the current corona crisis, the sales 

of automobiles have gone down drastically, and this has also reduced demand of leather accessories 

for automobiles. On the other hand, the meat industry is still working at the normal pace. Thus, 

there is no outlet for the animal hides that are a by-product of the meat industry. Moreover, the 

hides do not have a long shelf life. The leather tanneries treated the hides to make it more stable 

and stored it. Hence, we observed that the sales of chemicals for pre-treatment and stabilisation of 

hides was normal, but the sales of final stage processing of leather had reduced. Now, these sales 

are also slowly recovering.  

S: Are the raw material suppliers located at proximity to the production plants? 

B: Raw material suppliers are active on a global market. Many materials are produced in Europe, 

China and India and being exported all over the globe. Obviously, we strive for short transport 

distances and save on transport costs, but the raw materials price and functional properties of these 

materials is more important than the distance between supplier and our site. 

S: Who are the major competitors of ‘L’ in this market and what is your market share?  

B:  XXX 

S: How are profits margins distributed with respect to products and geography?  

B: With respect to the products, the margins increase with downstream processes of leather 

processing. The pre-treatment chemicals used for wet end leather tanning are traded in bulk and 

bring in lower margins. Whereas the chemicals that are used for finishing are customised and are 

used in lesser quantities and provide higher margins.  

With respect to geography, about 50-60% of profits come from Europe.  

S: Are there any important supply chain aspects that you feel have not been covered by previous 

questions?  

B: ‘L’ currently has 11 manufacturing plants worldwide and about 2000 employees. We have a 

dedicated team of technical experts that comprises of 600 members which is quite large. The reason 

for this is our business model. The finishing of leather is highly customisable. For this, it is necessary 

to use the right chemicals and treat leather in a certain process. We not only provide our customers 

with chemicals that they need to process but also the knowledge of how to process so that they 

obtain the desired effects.  

XXX 

Leather industry produces effluent and may cause pollution. But, we at ‘L’ are very proud to say that 

majority (over 80%) of our products are Zero Discharge Hazardous Chemicals (ZDHC) compliant and 

our products help tanneries to improve their processes and purify the wastewater before purging 

into a river.  

---Interview ends--- 

 



Respondent B-Interview 2 

To protect the identity of the respondent, their name, job title and job responsibilities have been 

removed from the transcript. The respondent is called as ‘B’ and is a professional from the 

performance coating chemical industry. The transcript of the interview between B and Subbaraman 

(S) follows. The interview took place on September 8, 2020 between 1435 hrs – 1525 hrs for 

approximately 50 minutes. The medium of the interview was through an online video call. The call 

was not recorded as per the preference of the interviewee. Instead, notes were made during the call 

and the same was paraphrased into a transcript. This transcript was approved by the interviewee 

with minor changes and used for further reference.  

---Interview starts--- 

S: In the document that I have shared with you, I have operationalised supply chain resilience as 

preparedness, adaptiveness and responsiveness of the supply chain. Would you agree with this? Is 

there any other dimension you would like to add to this?  

B: In my opinion, resilience is not an independent phenomenon, but rather it should be related to 

sustainability. This sustainability is not the one related to environment (people, planet and profit) 

but rather the longevity of the business. When there are external events, the organisation must 

adjust itself so that it continues to thrive and does not go bankrupt. For example, take the case of 

Nokia, which was a mobile phone manufacturer. When the market for mobile phones changed with 

the proliferation of the smart phone, Nokia was unable to adjust, and it ran out of business by 

becoming bankrupt. Another example would be that of DSM, a Dutch chemical manufacturer. They 

used market opportunities to quickly rebrand themselves from a bulk raw material producer to food 

grade chemicals and speciality chemical producer.  

S: What you are talking about is the ability of the organisation to adjust to changes in the long run. 

But when you consider short-medium term events, example the COVID-19 disruption, what factors 

come into play?  

B: With reference to the recent COVID-19 disruption, I would say that the priority of the company is 

to conserve the cash as much as possible. We saw that the demand for our products dropped by 

roughly 30%. This would hugely impact our cash flows. In our case, we did that by taking a few 

actions right away to conserve the cash. A company does not go bankrupt when the EBIT is low, but 

when it runs out of cash. And moreover, if the bank is unable to lend to them, then they become 

bankrupt.  

So, some of the important actions in our company was to cut costs drastically. We delayed payment 

to suppliers. Then, we tried to optimise the inventory and to reduce the inventory in hand as 

inventory is a huge cost to the company. We completely stopped all the outsourcing works and 

consultancy jobs. We also had to restrict travel due to the pandemic and that also helped us cut 

costs. We applied for government support that is applicable to us. Then, at last, we had to reduce 

the production speed of all our plants. We could not completely stop it as there was still some 

demand. So, we had to operate the plant in an optimal manner while preventing inventories to grow 

substantially.  



All these steps were taken for the business to continue operations without any compromise for the 

customers.  

S: So, summing things up, when supply chain resilience is split into different dimensions, it is also 

important to include the aspect of continuing the business during the disruption.  

B: Yes, I believe that is also a critical component of resilience. Why do we need to establish supply 

chain resilience? For the longevity and continuity of the business itself in the long run.  

S: Okay, thank you for the input. Having established this, I would like to move on to the next part of 

the interview. I would like to assess how Industry 4.0 technologies affect supply chain resilience. For 

this, I have classified risk events into two categories like operational and environmental risks. As 

mentioned in the information file that I shared with you, I have defined operational risks as those 

that emerge from within the supply chain and environmental risks as those that emerge outside the 

scope of the supply chain. Example for the former are operational failure of any supply chain partner 

and example of the latter are events like cyclones, floods, terrorist attacks or even the COVID-19 

pandemic.  

In line with this, my question is how does the implementation of Industry 4.0 affect supply chain 

resilience in the context of an operational risk?  

B: The term Industry 4.0 is quite broad here. The usage of the term usually indicates high level of 

automation. But there has been high level of automation in the chemical industry since the 1970’s. 

So, what exactly do you mean by the term Industry 4.0 and how can you narrow it down?  

S: For the purpose of this thesis, I would define Industry 4.0 as the usage of ‘smart systems’ in 

production processes, those systems that can operate without any interference from humans. It also 

includes the usage of communication technology to have a real time communication with the supply 

chain partners to fast communication.  

B: In the current supply chain that I am associated with has low levels of automation. But in the 

previous organisation that I worked was a part of chlor-alkali industry and this had high level of 

automation in the supply chain.  

On a more general note, these technologies were implemented with a purpose to reduce some 

manpower requirement and essential safety functions – the process is too fast for humans to control 

it well and needs a high level of automation to stay safe. But, in a wider frame, automation and 

mechanization has through history only led to more work rather than less work. Industrial 

revolutions only contributed to employability rather than reducing it. Extra manpower is for example 

needed to program and maintain the machines and their working conditions.  

S: So, coming back to the question, how does this influence supply chain resilience in the context of 

a risk event?  

B: Well, in the occurrence of a risk event, there is a drastic drop in demand, as I said earlier. The 

forecasting mechanism totally fails in this context. It cannot recognise the drop in demand and the 

system still predicts a normal range of demand. Thus, if we continue operations with these 

automated predictions, we only end up building massive stocks and our cash reserves will be 



depleted. Thus, there is a necessity to manually override these systems and try to assess from 

market conditions what the actual range of predictions might be. In this case, it does not influence 

resilience much.  

In physics, there is Shannon’s law which essentially states that to be able to accurately measure a 

signal at a certain frequency, it is necessary to monitor it at at least the double frequency.  

Applying this to the case, most of the prediction systems built today are predicting at a monthly or 

quarterly frequency. They cannot pick up events that have happened recently. By the time this is 

picked up, it is already too late, and we might be well into the recovery phase. In the industry where 

I am involved, information transfer might be delayed. But this is much faster for the chlorine 

producing industry as the industries there are more connected digitally. The systems are tuned in 

such a way that response is much faster.  

But there is also the risk of over tuning the system as this may cause an excessive response in a case 

where it may not be necessary. This can also create problems for the supply chain.   

S: How does this pan out when the magnitude of change is very low?  

B: Even in that case, whatever I say will hold true. This is because of the frequency of measurement 

involved. The event that has occurred instantaneously, it is not possible to take this into account in 

the prediction analytic system.  

Take the example of Dell computers, they have no stock on their hand. But their systems are 

designed in such a way that they react quite fast and can deliver the demand within a day. Such 

systems can better adapt to risk events in the supply chain.  

During occurrence of a risk event, humans are the component that can adapt faster than 

programmed machines. A programmed automated system can only work if it operates within the 

boundary it was programmed for in the first place.  

S: Now I would like to go for the next aspect of Industry 4.0. There is this notion that if a process is 

automated, employees gradually lose the knowledge about that process. And when the system is 

being disrupted, they are unable to operate it properly that causes further disruption. What is your 

take on this? How do you think this will affect resilience?  

B: Yes, I would agree with that. Employees can lose some knowledge of the automated process. But 

in the cases where it is critical, there is a solid plan B in place. For example, I previously worked at a 

gas power plant. The process and controls are quite challenging, and automation helps greatly in a 

complicated and very fast responding process of power production. It is also very sensitive to the 

grid changes.  

If due to some reason, the automation system fails, then there is a practiced plan B in place that 

helps with the process continuity. The knowledge and capacity to override the automated process is 

already planned beforehand and employees are trained for taking control.  

S: Our appointment has almost come to an end and I think I have obtained almost all the data that I 

need. So, we can conclude this session now. Thank you for your time.  

---Interview ends--- 



Respondent B-Interview 3 

To protect the identity of the respondent, their name, job title and job responsibilities have been 

removed from the transcript. The respondent is called as ‘B’ and is a professional from the 

performance coating chemical industry. The transcript of the interview between B and Subbaraman 

(S) follows. The interview took place on October 20, 2020 between 1400 hrs – 1445 hrs for 

approximately 45 minutes. The medium of the interview was through an online video call. The call 

was not recorded as per the preference of the interviewee. Instead, notes were made during the call 

and the same was paraphrased into a transcript. This transcript was approved by the interviewee 

with minor changes and used for further reference.  

---Interview starts--- 

S: Good afternoon. Today we will be discussing about two aspects. First, we will be discussing about 

the implementation of Industry 4.0 in the chlor-alkali industry. Then, we will talk a bit about the risks 

of implementing Industry 4.0. So, to start off with, can you tell me in what role you worked in the 

chlor-alkali industry? Can you tell a bit about your job responsibilities?  

B: XX  

S: What are the advantages of using Industry 4.0 systems compared to production systems used 

before?  

B: Firstly, I would like to say the usage of this term is theoretical. Recently, I gave a presentation on 

this topic and I am aware of these concepts. But they have been in use for quite long the chlor-alkali 

industry. Even during the previous Industry 3.0 or something, there were control systems in the 

plant that recorded data continuously. Some companies used this data better than others by 

applying statistics and other tools to analyse it. So, it is not a clear distinction between Industry 4.0 

and the previous systems.  

Especially regarding chlor-alkali, processes are large scale, high volumes, economy of scale is very 

important as the value per ton is low. So, if you look at the processes, they are not just large scale 

but also fast in speed. If you consider energy plants, if there is a change in gas pressure, the response 

is very fast, typically within a second. This speed cannot be emulated by human beings. The same 

holds true for many safety functions in the chlor-alkali industry. You cannot afford that a trip 

function or a safety valve is responding too late. Many of these provisions were present for a long 

time in the chlor-alkali industry and they were also automated.  

About Industry 4.0, the main input is with the IoT technology which allows for more connectivity. 

Previously, they were connected directly by wire, but now they are connected to LAN (Local Area 

Network). This can be a bit cheaper, but the basic function of the equipment does not change. The 

other difference is that instead of having a computer and a machine connected by wire, there is a 

single wire for many machines.  

S: So, is it also accessible by company staff when they are outside the company?  



B: That is also possible but not always preferred. All companies are worried about cyber-security 

risks. Many consultants advise to open the network but, companies concentrate more on closing 

these networks and protect for cyber security reasons.  

S: How much do you think has the human involvement levels come down after implementing 

Industry 4.0? Are the processes controlled independently by the systems or high level of 

interference is required from the operator?  

B: Yes, this can be different. I would say that now it is probably higher. These systems can take care 

of routine tasks, but they are not fully autonomous. In my experience with automation, the more 

you automate a process, the more controls are required to keep people trained for unexpected 

events and to manage the automated controls.  

S: Okay, let us consider a chlor-alkali process that is running. Processes A, B, C, and D in order. If 

there is a problem in process C, say a pump failure, processes A and B are still running, and they 

need to be stopped or slowed down. So how does the production system react in this scenario? 

Does it act automatically?  

B: Yes, this happens automatically. But this can also lead to too much of reaction. For instance, if you 

look at a PID controller, it is known that they can become unstable if given a load outside their 

operating range. So, if there is collapse of any system, mostly the reason is because they are outside 

their normal operating range. Therefore, there are also trip conditions which stop the equipment 

immediately. The system will ensure that the whole process is stopped safely without much 

interference from the operator.  

But for this to happen, the system must be programmed by hardware and software engineers who 

are working behind the scenes. So, even though the operator has less work overtime, the number of 

operators is reducing slowly, it does not mean there is less work overall because the job of 

programming the machines itself has now become a very significant task. This is observed in all 

industrial revolutions, where job reduction is promised by all revolutions. But that never happens, 

the population of the world is so large and employment opportunities are quite good with many 

people being employed.  

S: So, can we say that with these Industrial revolutions, jobs are becoming more specialised rather 

than jobs with broad descriptions.  

B: Yes, absolutely, that is the case. In my opinion, it does not lead to more efficiency but rather 

better controls over the process. The process is controlled by automated systems and employees 

can perform risk management, reducing risks, and other value-added activities.  

S: Regarding maintenance, does the usage of Industry 4.0 technology make the maintenance 

prediction better?  

B: Yes, it helps. This again is the application of IoT technology. We can use a wide range of sensors to 

monitor the equipment continuously. The sensor technology is the same, what is changed is the IoT 

connectivity with equipment supplier.  



S: How is the connectivity between supply chain members in chlor-alkali both upstream and 

downstream?  

B: The unit where I worked had a combined salt, chlor-alkali, and power units. So, upstream to this 

would be the gas supplier. Downstream is more complicated for the chlor-alkali scenario. Both 

chlorine and caustic are used in many applications and are bought by many manufacturers. We did 

investigate long back how best to connect with the downstream, but we realized soon that it was 

very difficult as there were many customers. If you can focus on the top ten customers, then it 

makes more sense.  

S: How about logistics? Nowadays, there are facilities with which you can track your consignment. 

How does this affect operations? This is mainly for caustic which is transported in tankers.  

B: No, I do not think it has any advantages as such for operations. It is enough to know when the 

estimated arrival time is. This is more useful in e-commerce sites where the customer would like to 

know when the consignment arrives.  

But it does improve safety. If there are any accidents and leakage of material, it helps to track the 

consignment down. The logistics of caustic are dependent on the stock levels which are in turn 

dependent on its market value. Especially with the price of caustic fluctuating tremendously, there 

will be customers who store caustic speculatively.  

S: What is the reason there are so many fluctuations in price of caustic?  

B: That is because the production of chlorine and caustic are very dependent on each other. There is 

no flexibility to produce any one component alone. But the demand pattern for both does not 

match. Sometimes there is shortage and sometimes excess. Depending on this the price fluctuates.  

S: Interesting. Now, I would like to discuss some risks in implementing Industry 4.0. Referring to 

journals, I see that Industry 4.0 poses financial risks for companies as it is very expensive. Where 

should a company invest first in the organisation?  

B: It depends on the industry. I am currently working in speciality chemicals and I would prefer to 

invest in better process control systems and maybe some in maintenance. I am giving second priority 

in maintenance because it is not necessary to have a real-time check on the status of the equipment. 

Even routine manual inspection can be enough.  

S: How about resistance from employees for the implementation of Industry 4.0?  

B: Yes, this is a genuine problem. Many people do not understand these technologies, and this 

makes them resist the changes. I can quote an example from my company. There are two teams on 

site, IT and OT. The IT is responsible for cyber security and OT is responsible for production systems. 

The IT team delegates the responsibility of cyber security to the OT team that barely understands it. 

Thereby, the OT team is unable to fulfil these responsibilities.  

This example shows the culture today which is something that goes beyond just resistance. The 

competence of the employees is also an issue. Resistance is caused due to something. They either 

fear to lose their job or they fear to lose control. The second is the bigger problem. The older 

technicians have been trained in classical electrical and electronics, so they cannot understand these 



digital technologies. Very few amongst them will be enthusiastic. Also, sometimes if the machines do 

not operate properly or fail, operators feel they may be blamed instead for their incompetence. So, 

these are some things we need to think beforehand. It is essential to train employees before 

implementing a new technology.  

S: The main takeaways that I got from this are, the first is with regard training of employees. The 

next is also the culture of the organisation whereby the top management endorses this and says 

employees will not be losing their jobs over these facilities.  

B: But we should not forget the third aspect. Sometimes, it is a threat to the job.  

S: Okay. I think I have covered all the aspects that I wanted to discuss. Thank you for your time.  

B: Thank you.  

---Interview ends--- 

 

 


