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Purpose: The aim of the article is to review the literature on the risks and opportunities of
implementing Industry 4.0 - Artificial Intelligence solutions in the chemical industry.
Design/methodology/approach: The review was carried out using available scientific articles,
popular science publications, and media reports from the world's largest companies in the
chemical industry.

Findings: The analysis indicates that there are more benefits than risks arising from the
implementation of Artificial Intelligence solutions in the chemical industry.

Research limitations/implications: The frequent lack of specific economic indicators makes
it difficult to clearly indicate the implementation potential of a specific solution in other
companies in the chemical industry.

Social implications: The implementation of Al in chemical industry companies can reduce
environmental pollution, raw material consumption, and optimize production processes.
Originality/value: The article, based on real data, is aimed at middle and senior management
of companies in the chemical industry, presenting the advantages and disadvantages of
implementing Al solutions in the chemical industry.
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1. Introduction

Over 80% of managers in the chemical industry surveyed by IBM admit that artificial
intelligence (Al) is going to have a huge impact on their business within the next three years.
The areas in which Al is most commonly implemented in this sector are research and
development (74%), production (61%), forecasting and planning (47%), and risk management
(58%) (Lin et al., 2020). According to a survey conducted by Accenture (Accenture, 2014),
94% of managerial staff in the chemical and advanced materials industry expect the digitization
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of the entire industry, and Al plays a crucial role in enabling the digital revolution (World
Economic Forum, 2017). The latest technologies allow chemical companies to reduce operating
costs, increase profits, and improve product quality. The chemical industry is increasingly
interested in using Al to solve problems related to process modelling, optimization, control,
as well as fault detection and diagnosis (Hajjar et al., 2016). This article reviews the methods

of applying Al in the chemical industry and examines its potential for the sector.

2. Al applications in the chemical industry

The industrial sector has a significant impact on the global economy in the long term.
In 2022, the size of the global chemicals market was valued at USD 616 billion. It is forecasted
that this value will achieve an annual growth rate of 5.1% by 2030. However, recent events
such as the outbreak of the Covid-19 pandemic and geopolitical tensions have had a negative
impact on the development of this sector. Unstable energy prices, higher production costs,
temporary closure of production plants, and numerous disruptions in the value chain of
specialized chemicals have resulted in a periodic decline in production and demand (Market
Analysis Report, 2022). The significance of the manufacturing sector for economic growth goes
beyond direct production. The development of the industry translates into growth in other
sectors of the economy, including job creation. A stable industry plays a crucial role, especially
in situations of international trade downturns. Indeed, having a robust industrial sector helps to
maintain economic security during crises (Development and Technology Ministry statement).

The recent climate, economic, and social changes have had an impact on the future of the
global economy. Companies are focusing on efficient innovation acquisition and
implementation to achieve defined goals in response to emerging challenges. In a report
prepared by Innogy (2019), the authors identified three main megatrends that they believe will
shape the future of the industrial sector. These include digital, climate, and organizational
transformations. These areas have been singled out due to their relevance, universality,
and multifaceted nature. One of the biggest challenges facing contemporary chemical
companies is digital transformation. The current socio-economic situation makes it a sort of
a business ultimatum, determining the survival of organizations in the market (Matt, Hess,
Benlian, 2015). Due to its specificity, the chemical industry is characterized by a high degree
of process automation.

Continuous investment in the development of innovative technologies is essential for
companies to grow. One of the most rapidly developing fields is the artificial intelligence
system and its application in production processes. According to the OECD, artificial
intelligence is a machine-based system that influences the environment by formulating

recommendations and predictions using input data from machines and humans (OECD, 2018).
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In reports prepared by the European Commission, Al is defined as software systems designed
and improved by humans, operating in a physical or digital dimension, collecting and analysing
data to predict actions necessary to achieve a set goal. Analysing the concept of Al from the
perspective of scientific disciplines, it covers areas such as machine learning (including deep
and reinforcement learning), machine reasoning (referring to planning processes, knowledge
implementation, search, optimization), as well as robotics (including control, perception,
sensors, actuators, and the integration of other techniques used into cyber-physical systems).
In practice, building an Al system is mainly done through machine learning. Intelligent devices,
based on conclusions drawn from previous experiences, using a neural network composed of
algorithmic networks, search for connections between variables and process accumulated data
in a way that is similar to the human brain. Given the multitude of Al applications and the
enormous potential associated with its widespread use, it is impossible not to appreciate the role
it plays in the chemical industry. Figure 1 presents the main areas of chemical production where

Al has found its application.

R&D
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data
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Figure 1. Examples of Al utilization in chemical processes.

Source: Own elaboration.
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2.1. Solutions using artificial intelligence for research and development processes

Research and development play a fundamental role in industrial innovation, especially for
companies related to sustainable development (Hajek, Stejskal, 2018). Artificial intelligence is
used to predict and optimize chemical reactions (Marcou et al., 2015; Mohammadi, Penlidis,
2018; Zhou et al., 2017) and to improve the design of chemical synthesis (Segler et al., 2018).
Machine learning has been investigated for screening research and catalyst design (Li et al.,
2017; Li et al., 2017; Zahrt et al., 2019). Several studies have highlighted the potential of
artificial intelligence in supporting the development of sustainable chemicals and materials
(Doan et al., 2020; Gu et al., 2019). In addition to these technical aspects, one study examined
the use of artificial neural networks to assess and improve job satisfaction in research
laboratories (Azadeh et al., 2015).

2.2. Predictive Forecasting

Machine learning and artificial intelligence models, along with advanced analytics, help to
predict the amount of raw materials needed to ensure continuity in chemical production and to
determine future demand. Al forecasting leaves room for changes at every stage of the
molecule's development. Artificial intelligence also helps to predict the prices of materials and
raw materials. This allows for faster adjustment of the production process to market conditions
and significantly reduces the company's losses. Artificial intelligence used in the chemical
industry can reduce forecasting error by 50% compared to human predictions. Companies can
streamline their supply chain and avoid excess inventory by forecasting demand using artificial
intelligence (McKinsey, 2017).

2.3. Intelligent data analysis in production

Companies operating on the market are obliged to comply with a number of regulatory
standards. Exceeding the permissible values of carbon dioxide emissions, water consumption,
or the level of pollution in production facilities results in a significant increase in costs. Manual
control of indicators responsible for their regulation is very labour-intensive. For this reason,
thanks to data analysis based on artificial intelligence, companies can easily track and adjust
their production to standards introduced by state authorities. Moreover, with the progress of
technology and the use of intelligent sensors, data analysis makes it possible to identify defects
and inform employees about inconsistencies that have occurred. Knowing the source of the

problem, experts can intervene in the production process and quickly solve the problem.

2.4. Quality Assurance in Production

In the chemical industry, timely quality assurance is of great importance. If an improper
substance gets into the product line, it can cause irreparable damage, resulting in huge financial
losses. With the help of artificial intelligence, it is possible to continuously monitor plant
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operation and detect such cases, which ultimately helps to prevent equipment failures and
production line downtime. Moreover, Al tools can learn from such incidents and use this
knowledge to solve similar problems more effectively in the future. Quality assurance in
chemical production is mainly ensured by computer vision. Using deep learning algorithms,
computers scan substances on production lines, evaluate them, and classify them based on their
properties.

3. Al Applications in the Chemical Industry

Al technologies are not a novelty in the chemical industry. For many years, they have been
used by chemical companies around the world to develop products, forecast demand,
and test quality. Here are some of the most popular examples of using artificial intelligence in

the chemical industry.

3.1. Al-based production robots, cooperating and context-aware

Chemical companies use robots to clean production areas, minimizing human contact with
toxic substances. Context-aware robots can also improve logistics efficiency and shorten travel
time for raw materials or finished products between different parts of the production line.

Companies such as Novartis use robots to distribute chemicals on multi-well plates.
They help the company test substances and products 24/7, accelerating the process of
discovering new drugs.

3.2. Al in visual quality and safety control

Optical systems supporting artificial intelligence are used to detect defects such as
mechanical inclusions, colour differences, or damaged packaging. Al platforms, such as
SG Vision Al provide advanced monitoring tools that help companies improve data collection
accuracy and accelerate the model validation process (Pace, 2021).

Multi-billion-dollar companies such as Dow use Al monitoring to detect and eliminate
safety threats associated with entries into enclosed spaces (Andulkar, 2021).

3.3. Algorithmic predictive forecasting in supply chain management using Al

Traditional forecasting systems are overwhelmed by the amount of data available on the
internet. Al algorithms analyse huge amounts of data and predict demand for a specific product.
Companies can adjust production planning and increase cost efficiency based on Al analysis
results. In addition, they can implement artificial intelligence to collect data at sales points to

predict customer demand and reduce waste associated with items that are not in demand.
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Organizations such as Blue Yonder promote Al and machine learning techniques to optimize
forecasting and inventory replenishment, while also having the ability to adjust prices
simultaneously.

The supply chain is an integrated network in which different entities such as suppliers,
manufacturers, and distributors work together to transform raw materials into finished products
and deliver them to customers (Beamon, 1998). Artificial intelligence has been used to support
the design, planning, and optimization of chemical supply chains, taking into account various
environmental and economic aspects, for example: genetic algorithm (Berning et al., 2004;
Guillén et al., 2006), heuristic algorithm (Pozo et al., 2012)). Some studies focused on supplier
selection - for example, case-based reasoning (Zhao and Yu, 2011), while others used artificial
intelligence techniques to predict and manage disruptive events, such as agent-based modelling
(Behdani et al., 2009, 2012, 2019; Ehlen et al., 2014). Earlier research also included artificial
intelligence in traditional modelling techniques for renewable materials supply chains, such as
biomass (Castillo-Villar, 2014; Ghaderi et al., 2016; Lan et al., 2019).

3.4. Product property prediction

Japanese company Mitsui Chemicals has implemented technology for predicting the quality
of reaction gases. It performs a real-time analysis of 51 different factors, including reactor
conditions and process parameters. The new technology has enabled the company to improve
the accuracy of reaction signals, resulting in safer and more stable operation of chemical plants.
In the future, plant managers will be able to use deep machine learning to analyse huge amounts
of data in real time, improving the accuracy of forecasts and control in operational processes,
especially during start-up processes and modifications to increase production. It is also going
to provide greater transparency in assessing the actual condition of machines and installation
components and improve risk management effectiveness. Al-based tools enable production
continuity, among other things, because machine learning more accurately predicts failures or
the need for maintenance (Mitsui Chemicals, 2021)

BASF has applied a similar solution. In August 2019, they signed a cooperation agreement
with Technische Universitdt Berlin to develop appropriate new mathematical models and
algorithms for basic issues related to process chemistry and quantum chemistry.

Kebotix, an American technology platform that optimizes the production of new chemicals
and materials using Al and robotics, has announced a strategic collaboration with Dutch
company SCM, which specializes in precise methods for predicting properties through atomic
modelling.

Al can be used in the area of creating new products. The goal set by Pfizer is to identify
new and more precise treatment options by combining Al and data analysis with actual data.
The company uses Al to redefine and accelerate the time it takes to complete chemical research
(Kantify, 2023).
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Given that Al development technologies are still in the research phase, it can be assumed
that in the coming years there will be a number of new benefits and applications arising from

its implementation in the chemical industry.

4. How chemical companies use Al — threats and opportunities

The use of artificial intelligence (AI) by chemical companies is a natural consequence of
their pursuit of Industry 4.0. It is undeniable that highly digitized companies can easily access
a broad customer base worldwide, which translates into increased opportunities for scaling their
business. The increase in the level of automation of production processes, digitalization,
and modern machine and equipment stocks are key to increasing the resilience of enterprises to
crises and changes in markets. The use of Al solutions in business processes is becoming
increasingly common, and the range of applications and benefits arising from their
implementation in production processes is generating greater interest among companies.
For the vast majority, this is just the beginning of changes that will revolutionize the industry
in the near future. On the other hand, the use of Al still raises a number of risks and controversies
among employees. Table 1 presents the main advantages and disadvantages of using Al in

production processes.

Table 1.
Pros and cons of Al applications in production processes
Categor, TYPE
gory Chances Threats
' ] §aV1ngs r'esultmg from process optimization e capital intensity
Economic e increase in profits from sales, . .
. . e uncertainty of return on investment,
e Preventing the accumulation of excess stocks
. e increasing the efficiency of devices, e data security,
Technical . . f -
e improving product quality e vulnerability to cyberattacks,
e fear of losing a job,
. e climination of human errors, e protection of privacy,
Social ) . L
e improving employee safety, e lack of specialist knowledge,
e cthical considerations

e reduction of the number of post-production
waste,

Environmental | @ lower energy consumption,

e atool enabling the achievement of EZL
objectives,

e accelerating innovation processes

e stimulating the development of new products e Dependence on technology
and services

Source: own elaboration.

e increasing the amount of carbon
footprint

Research &
Development




410 M. Laska, I. Karwala

The use of AI algorithms by companies provides higher profits through operational
optimization. Al-driven analyses of root causes and test procedures lead to waste reduction and
product quality improvement. They stabilize flow and increase device efficiency. Moreover,
organizations can adjust to different production variants using Al tools. They can also
automatically control manifestation conditions, such as mixing speed, temperature, and process
duration. Higher throughput and a 30% decrease in efficiency are possible. Another reason why
the production sector is striving for digitization and automation is the profitability of
Al solutions. Intelligent tools help companies increase sales and productivity by eliminating the
possibility of human error. Al algorithms help analyse changing customer demand and optimize
offerings. This is beneficial for achieving maximum profit and preventing excessive inventory.
Al solutions can reduce sales and inventory losses by 65% and 50%, respectively.

Another area where Al has found application is environmental protection. In line with the
idea of sustainable development, Al enables the creation of global climate models, precision
agriculture development, and intelligent power grids to regulate energy consumption. Al also
helps reduce waste, which is beneficial from an economic standpoint. According to Nature
Communications, Al solutions enable organizations to be 63% more environmentally friendly
(Vinuesa et al., 2020).

Artificial intelligence technologies, such as advanced analytics, real-time data collection,
and the Industrial Internet of Things (IloT), can help improve the safety of personnel and
physical resources. Al tools prevent potential production-related hazards by eliminating the
need for direct human involvement. By collecting data on-site, artificial intelligence
significantly facilitates compliance with data collection and documentation requirements.

Currently, only 4 out of 10 chemical companies widely implement artificial intelligence in
their operations. Slow progress related to the implementation of Al in production processes is
due to several challenges facing this technology. They include, among others:

e underdeveloped tools,

e lack of AI skills among the workforce,

e lack of high-quality data,

e issues of trust and transparency,

e uncertainty regarding return on investment.

To minimize their negative effects, companies should prepare to incorporate Al into their
business processes. It is necessary to have a clear understanding of the goals of
Al implementation and specific areas where it is intended to be used. As technological progress
continues, the benefits of using artificial intelligence in the chemical industry are beginning to
outweigh the challenges of its implementation.
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One of the main risks associated with artificial intelligence in the chemical industry is the
possibility of human error. As artificial intelligence systems become increasingly sophisticated,
they can become more difficult to understand and operate, increasing the risk of errors and
accidents. In addition, artificial intelligence systems may also malfunction, leading to
unexpected results and potential hazards.

Another risk associated with the use of Al in the chemical industry is the possibility of
reducing positions and losing jobs for employees. Artificial intelligence systems help automate
tasks previously performed by people, which involves the risk of transferring work.
In particular, in technologies used by the chemical industry, there are many schematic activities
that can easily be automated, leading to significant job losses. However, surveys of employees
in chemical companies in Poland indicate a lack of concern about their job security
(Kadzielawski, 2022).

In terms of privacy and data security, artificial intelligence systems used in the chemical
industry can handle sensitive information and data, such as production processes, chemical
formulas, and proprietary information. Ensuring the security and privacy of this data is crucial
for protecting a company's intellectual property.

The implementation of artificial intelligence in the chemical industry requires a high level
of technical knowledge. Without sufficient specialized knowledge, companies may have
difficulty designing, implementing, and maintaining Al systems, leading to suboptimal
performance or even failure. Companies that increasingly rely on artificial intelligence systems
to optimize their operations may become dependent on the technology. In case of a failure or
malfunction of an Al system, companies may not be able to continue their operations, leading
to significant financial losses. It is worth noting that with the development of Al systems, there
are increasing concerns of ethical nature. For example, Al systems can be used to make
decisions that have an impact on human life, such as determining the safety of a chemical
product. Without proper supervision and regulation, Al systems can make decisions that are
contrary to the interests of society. Al systems rely entirely on data, based on which they are
trained. If the data is not sufficiently objective, there is a risk that the Al system will also be
biased. Consequently, this situation may lead to unfair decision-making and discrimination.

With the growing integration of Al systems in the chemical industry, there is a risk of
cyberattacks. These attacks can disrupt operations, steal confidential information, and cause
financial losses.

Al systems in the chemical industry may require integration with other systems, such as
enterprise resource planning (ERP) systems, process control systems, and sensor networks.
If these systems do not cooperate properly, it may lead to operational inefficiency.

In a study by McKinsey (2019), the implementation phase of Al was divided into 5 stages,

and risks were assigned to each of them.
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Conceptualization: Data management:
- potentially unethical use cases -incomplete or inaccurate data
- insufficient learning feedback loop - unsecured protected data

- other non-compliances

Model development: Model implementation:

- unrepresentative data - implementation errors

- biased or discriminatory model results - poor design of technology and environment
- model instability or performance - insufficient training and skills building

- degradation

Model use and decision making:
- failure of technology and envirocnment

- slow detection/response to

- performance issues

- cyber security threats

Figure 2. Risks of the 5 stages of Al implementation.
Source: own elaboration based on McKinsey, 2019.

Summing up, Al has the potential to revolutionize the chemical industry, but it is important
to consider the risks and challenges associated with implementation. These include potential
human errors, job loss, data privacy, and security. However, with the proper measures in place,
benefits such as increased efficiency, productivity, safety, and sustainable development can be
achieved. To maximize benefits and minimize risks, chemical companies should consider
a phased approach to Al implementation, starting with pilot projects and gradually increasing

scale.

5. Summary

Al technologies have tremendous potential in improving chemical production processes.
From demand forecasting to quality control, technologies using artificial intelligence are
completely redefining the concepts of chemical production.

Significantly reduced costs, increased production speed, and overall business process
efficiency are the new standards that Al tools are introducing. Chemical companies that have
already implemented artificial intelligence are showing impressive returns on investment, better
product quality, and streamlined supply chain processes.

Effective implementation of new solutions plays a crucial role in the development of
chemical industry enterprises. These companies, in order to survive and maintain their market
position, will have to change their previously used business models and redefine their value
chains. With the planned tightening of environmental regulations and standards in the near
future, companies should adapt to current trends - including the circular economy - and utilize
digital technology opportunities, as well as enhance the qualifications of their employees in this

direction.
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