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The continuous manufacturing industry has been a laggard in 

digital technology adoption. However, thanks to a dynamic 

external landscape and significant advancements in technology, 

the industry is now poised for business growth and new revenue 
TMstreams. Through TCS' Business 4.0  framework, this paper 

explores how firms in continuous manufacturing can embrace 

digital technologies. It also looks at examples of companies 

leveraging various components of this framework and throws 

light on leading industry practices for adopting technology to 

create new possibilities for exponential growth and sustained 

profits. 



Challenges in Continuous 
Manufacturing 
The continuous manufacturing industry, in which items are produced and processed 

without interruption, comprises various sub-industries, including chemicals, specialty 
chemicals, agriculture, industrial gases, paints and coatings, forestry, pulp and paper, 

paper packaging, and cement and building materials. Currently, these industry 
segments are under sustained pressure to grow and improve margins globally. 

Boosting industry profits is a challenge as the industries are sandwiched between 

upstream petrochemical, mineral, or mining businesses and downstream consumer  
(for example, automobile, textile, construction, and more) and industrial application 

enterprises. The industry's revenue growth is impacted by the performance of 
downstream businesses, upstream supply dynamics, and external socio-political 

changes. For instance, the chemical industry has witnessed a slowdown through low 
capacity utilization fueled by low demand. In September 2019, utilization dropped to 

181.9% from 83.8% in September 2018 for the chemical industry . The negative growth 
2 3rate of chemicals in North America  and Asia-Pacific  in 2019, the flat revenue growth of 

forest products and building materials, and socio-political factors such as global trade 

tensions between countries has led to softened product pricing, and hence, flat or 
diminishing revenues.

The continuous manufacturing industry has traditionally tried to address these 
challenges by consolidating and restructuring its portfolio, adopting volume versus 

price optimization strategies, and instituting strong cost management systems. As it 
grappled with these hurdles, the industry is now faced with an emerging new 

landscape:

n Collaborating with end-customer industries to unlock value using a solution-

centric approach.   

n Globalizing operations due to the emergence of new markets and raw material 

reserves to spread out production capacities. 

n Investing in the research and innovation of new alternate materials and 
applications. This will impact top-line growth, which is heavily driven by circular 
economy laws. 

n Staying low on cost, achieving efficiencies through automation, and improving the 

use of resources. 

n Increasing focus on environment and worker health and safety standards 

compliance, which are driven by regulation and end-consumer awareness.

1.  American Chemistry Council; Retreat In Global Chemicals Output Accelerates In September; November 2, 2019; 
http://www.publicnow.com/view/EDF7CDA043972987397D10E920A68184A29A1F37?2019-11-01-
21:00:11+00:00-xxx206

2. American Chemistry Council; Mid-Year Outlook: U.S. Chemical Industry Expansion Continues Despite 
Headwinds; June 4, 2019; https://www.americanchemistry.com/Media/PressReleasesTranscripts/ACC-news-
releases/US-Chemical-Industry-Expansion-Continues-Despite-Headwinds.html

3. Borderless; Moody's cuts chemical industry outlook to negative; September 18, 2019; 
https://www.borderless.net/news/chemical-value-chain/moodys-cuts-chemical-industry-outlook-to-negative/



Reinventing the Continuous 
Manufacturing Industry
Enshrined under Business 4.0, these four business behaviors—driving mass personalization, 

creating exponential value, leveraging ecosystems, and embracing risk—will help 

companies digitally transform themselves. Technologies such as cloud, artificial intelligence, 

analytics, robotics, and more, which businesses must leverage to move to the next level and 

stay competitive, are vital to enabling transformation.

How does the continuous manufacturing industry score on the Business 4.0 paradigm? 

(see Figure 1).

n  Driving mass personalization: To retain customers and grow market share, 

companies in the continuous manufacturing industry are adopting new innovative 

strategies. One strategy that has gained popularity is personalization thanks to 

growing access to customer and end-consumer needs. 

 Figure 1: Business 4.0in the continuous manufacturing industry
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Employing digital technologies and reinventing business models are what will help the 

continuous manufacturing industry keep up with this fast-changing market scenario. To 

this end, TCS’ thought leadership framework, christened Business 4.0, can help 
companies identify the technologies and specific behaviors required to stay afloat and 

remain profitable going ahead. 



Figure 2 illustrates the strategies the continuous manufacturing industry is adopting to 

offer personalized products and services.

To put the above framework in perspective, consider a global paints and coatings firm: 

Personalized product: The firm allows customers to use 3D visualization software to 

customize their own home décor and create and share pictures before finalizing a 

purchase.

Personalized customer experience: The same firm also deployed advanced web 

analytics to understand online customer behavior, which enabled it to position content 

based on personal preferences on its website.

Personalized offering (product and related services): The company transformed itself 

from a brick-and-mortar company to a 'click-and-mortar' business by using social media 

to run campaigns and help customers make product choices.

While many industry players develop customized products for customers, 
4programmable materials, as primarily researched by MIT's Self-Assembly Lab , hold 

promise for packaging companies. Some programmable materials expand, contract, or 

change shape under different levels of temperature. Because of their malleability, 

companies can use these materials to develop intelligent packaging products that can 

be adapted to specific customer needs. 

Some continuous manufacturing companies are turning to automation to offer 

customers personalized experiences and services. A large global chemical company 

recently launched a personalized AI agent to provide its top customer real-time updates 

on its product, from manufacture to movement in the supply chain. 

Figure 2: Key mass personalization practices and future possibilities
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4. Wired; MIT lab develops programmable shape-shifting carbon fibre; October 14, 2014; 
https://www.wired.co.uk/article/skylar-tibbits-exclusive-interview



n Creating exponential value: Traditionally, continuous manufacturing firms have 

adopted digital technologies for incremental gains and internally focused cost 

efficiencies. Eventually, many industry leaders have moved focus towards a growth 

agenda, which includes developing B2B2C strategies for new business models and 

taking a solution-centric approach for customers, apart from improving products and 

services. 

n To illustrate: A global crop protection solution provider helped farmers improve 

yield and avoid crop diseases by developing an AI engine that used GIS data 

inputs. The engine predicted crop disease and unfavorable conditions. This 

helped the company direct its agrochemical products to regions on a proactive 

basis, thereby improving profits and customer experience. 

        In another instance, a chemical company, leveraged data to address late order 

deliveries. Facing order losses and near-shutdown of operations for one of its top 

customers, the company developed a multi-functional command center to 

provide a 360-degree view of orders. Using AI-led predictive analytics, the center 

could identify order failures ahead of time, which significantly improved on time 

in full (OTIF). 

 

        Consider Avery Dennison, which manufactures adhesive materials, display 

graphics, and packaging materials. It developed an intelligent labelling solution 

that not only allowed customer products to be traced but also provided data on 
5the product and its packaging . 

        Finnish firm Stora Enso developed RFID-enabled packaging for its customers, 
6which monitors the food product and the surrounding environment . It also 

launched a new business line—paper-based RFID tags.  

 Figure 3 summarizes the practices and possibilities pertaining to this Business 4.0 behavior.

Figure 3: Key exponential behavior practices and future possibilities
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5.  Avery Dennison, Label and Packaging Materials; Intelligent Labels; 
https://label.averydennison.com/eu/en/home/products/intelligent-labels.html

6. Stora Enso; Intelligent packaging; https://www.storaenso.com/en/products/intelligent-packaging



n Leveraging ecosystems: To stay relevant in turbulent market conditions, companies 

are adopting new business models by leveraging the expertise of stakeholders across 

ecosystems.

n Concept-driven ecosystems: The shared economy concept came to life within 

continuous manufacturing with AgriExchanges, an e-marketplace where farmers 

(grain sellers) and buyers could interact with each other. However, these e-

marketplaces operated locally within countries and the local governments 

controlled them. The  shared economy concept can have broader use cases in 

this industry around raw materials, talent, and so on, but the overall industry 

would require major restructuring and change of vision to realize this.

Crowdsourcing, another concept of the shared economy, is popular with some 

continuous manufacturing industry leaders such as Akzo Nobel, BASF, and DSM. 
  
n Value-driven ecosystems: Currently, co-innovation in continuous 

manufacturing is limited to partnerships with customers, but some have gone a 

step further. Akzo Nobel has formed partnerships with academia and the general 

public to innovate on products. Top players in the cement industry have 

launched end-to-end home building services by bringing all relevant providers 

on a single platform, moving from a 'product' seller to a 'service' provider. Many 

industry players collaborate with technology companies to innovate, and this 

has developed into an effective ecosystem of platform vendors, app developers, 

integrators, and service providers. For example, agricultural industry players have 

been providing precision farming services, and packaging players such as Stora 

Enso and Avery Dennison have deployed intelligent packaging services 

using IoT.

Figure 4 summarizes the practices and possibilities pertaining to this Business 4.0 behavior.
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Figure 4: Key ecosystem related practices and future possibilities



n Embracing risk: Continuous manufacturing companies face considerable financial risk 

amidst pressures to thrive in a fluctuating demand environment. Besides this, due to 

asset-intensive and remote operations, continuous manufacturing companies face 

high risks of worker health and safety hazards. To transform, companies are adapting, 

rather than being averse, to risk. Here's how: 

n Financial risk: A building materials and packaging company experienced a 

monthly variance in its spend reports of more than $50 million per month. 

While the on-premise procurement system could not meet its growing data 

requirements, they also had no visibility into transaction-level variance data. To 

solve this, the firm deployed a cloud-based multi-device procurement analytics 

solution that offered visibility on key metrics of business function performance. 

The overall solution led to soft savings of $100,000 per supplier, per year. 

n Health and safety risks: A large chemical company deployed an IoT-based 

integrated fleet management solution for its inbound logistics drivers. It 

provided visibility into fleet locations and driver response to road safety rules. 

Similarly, a global agricultural player used IoT to minimize collisions between 

moving vehicles and human workers, thus meeting their end objective of 'zero 

fatality'.  

 To summarize, at the core of all the four Business 4.0 behaviors lies data, which is the 

epicenter of new products, solutions, and business models (see Figure 5). While data has 

always been available across a company's value chain, technology has now made it 

possible to harness it in real time, allowing for better and informed decisions. Moreover, 

connected ecosystems are exposing organizations to larger data sets. Data abundance 

forms the basis on which an intelligent organization can combat industry challenges and 

unlock immense business value through new growth levers. 

 Figure 5: Illustrations of how Business 4.0is adopted in continuous manufacturing
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The Next Paradigm Shift
Organizations in continuous manufacturing must constantly re-invent, fail early, and fail fast 

to stay ahead. The following 'must-dos' will help them achieve this:

n An overarching transformation strategy that unravels new technology-led businesses.

n A leadership that delivers strong and consistent messages.

n Agile practices that boost innovation on products and ideas.

n
TMA Machine First  approach to automate business processes.

 With the adoption of new revenue models based on the Business 4.0 framework, TCS sees a 

new 'avatar' of industry value chain emerging to keep pace with dynamic external 

conditions. Referred to as the 3S value chain, it comprises the following: 

n Synergetic: Multiple business functions collaborate to achieve high profitability with 

automation and robotics.

n Smart: Firms derive intelligence from data using data science and AI-based analytics. 

This will ensure first-mover advantage in the market.

n Self-optimizing: Companies use data to automatically optimize their functions and 

operations, resulting in faster speed-to-market.
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