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COVID-19 and the chemical industry: impacts,
challenges, and opportunities

Hossein Abedsoltan”

Abstract

The COVID-19 pandemic imposed unparalleled challenges for the chemical industry, leading to disruptions in supply chains and
demand dynamics. This period of crisis tested the adaptability and resilience of global chemical companies. Despite the chal-
lenges, the chemical industry exhibited remarkable innovation, collaboration, and adaptability. It demonstrated its capacity
to respond swiftly and effectively to societal needs. Key lessons emerged, emphasizing the importance of diversifying supply
chains, implementing scenario planning, and embracing digitalization for enhanced preparedness. As the world progresses
toward recovery, the chemical industry is poised to leverage the valuable lessons learned. Industry 4.0 adoption, agile
decision-making, and collaborative efforts with various sectors, research institutions, and governments have accelerated dig-
ital transformation and enabled collective responses to global challenges. By focusing on healthcare, advanced materials, and
circular economy initiatives, the industry can align with market trends and contribute to societal needs. Furthermore, prioritiz-
ing sustainability, regionalization, and responsible practices will be integral to future success. Proactive measures such as
strengthening supply chain resilience, enhancing digital capabilities, and fostering a culture of innovation will empower
chemical companies to navigate future challenges with confidence. By investing in sustainability, employee well-being, and
responsible practices, the chemical industry can play a pivotal role in building a more resilient and sustainable world.

© 2023 The Authors. Journal of Chemical Technology and Biotechnology published by John Wiley & Sons Ltd on behalf of Soci-

ety of Chemical Industry (SCI).
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INTRODUCTION

The eruption of coronavirus disease 2019 (COVID-19), caused
by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) in late 2019, sparked a global pandemic that has
had far-reaching consequences on public health, economies,
and societies."? As countries struggled to contain the spread of
the virus, governments imposed various containment measures,
including lockdowns, travel restrictions, and social distancing pro-
tocols. These measures aimed to slow the transmission of the
virus and protect healthcare systems from being overwhelmed.>
5 However, the sudden and widespread implementation of these
measures had significant implications for industries worldwide.5”
The chemical sector, which plays a critical role in providing essen-
tial materials for various industries including pharmaceuticals,
healthcare, agriculture, automotive, and consumer goods, experi-
enced both direct and indirect effects of the pandemic.®™"

The chemical industry's interconnection and complexity made it
vulnerable to disruptions in global supply chains. As countries
closed their borders and transportation networks faltered, chem-
ical manufacturers faced challenges in sourcing raw materials and
delivering finished products to their customers. The impact rip-
pled through the entire value chain, affecting everything from
small and medium-sized enterprises to multinational corpora-
tions.”>'> Moreover, the demand patterns for chemicals experi-
enced a drastic shift during the pandemic. With the healthcare
sector under immense pressure to secure medical supplies,

disinfectants, and pharmaceuticals, certain chemicals experi-
enced an unprecedented surge in demand.'®'® Conversely, the
slowdown in manufacturing activities due to lockdowns resulted
in reduced demand for chemicals used in non-essential industries,
such as construction and automotive,'??

Moreover, the pandemic had profound implications for the
chemical industry's workforce. Ensuring the safety and well-being
of employees in chemical plants and facilities became a top prior-
ity, leading to the implementation of stringent health protocols
and safety measures.®?2 Also, labor shortages and travel restric-
tions impacted the availability of skilled personnel, adding to
the industry's challenges. However, amid these unprecedented
challenges, the chemical industry demonstrated resilience and
adaptability. Some companies swiftly repurposed their produc-
tion lines to manufacture essential medical supplies like hand
sanitizers, personal protective equipment, and disinfectants.
Collaborations with other industries and public—private partnerships
were forged to address the urgent need for critical supplies.?*>'
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In addition, the pandemic expedited the adoption of digital
technologies and innovative solutions. Chemical companies
leveraged data analytics, artificial intelligence, and automation
to optimize manufacturing processes, improve supply chain visi-
bility, and enhance operational efficiency. This digital transforma-
tion became a catalyst for reimagining the chemical industry's
future and preparedness for potential future disruptions.>23° As
the pandemic evolved and vaccinations became more wide-
spread, the chemical industry began adapting to the ‘new nor-
mal’. While some sectors rebounded, others faced long-term
challenges, requiring strategic planning and innovative thinking
to navigate through uncertainties. 3638

This review paper aims to explore the multifaceted impact of
COVID-19 on the chemical industry. It provides an understanding
of the challenges encountered by the chemical industry during
the pandemic by analyzing the disruptions in supply chains, shifts
in demand patterns, workforce implications, and the sector's
response to the crisis. In addition, it examines the potential
long-term changes and opportunities that have emerged, provid-
ing insights into how the chemical industry can build resilience,
embrace sustainability, and prepare for future challenges in a
post-pandemic world.

SUPPLY CHAIN DISRUPTIONS

The chemical industry is highly interconnected and relies on com-
plex global supply chains to ensure a steady flow of raw materials,
intermediates, and finished products.3**? The COVID-19 pan-
demic introduced unprecedented disruptions that reverberated

H Abedsoltan
|

Table 2. Strategies adopted along with their associated goals to
mitigate supply chain disruptions by the chemical industry due to
the COVID-19 pandemic

collaboration

Digitalization and
data analytics

Agility and flexibility

Sustainability
initiatives

Strategy Goal
Inventory Increasing safety stock levels to buffer
management against potential disruptions and
uncertainties in supply and demand
Supplier Establishing closer partnerships with

suppliers to foster transparency,
communication, and risk-sharing

Embracing technology to enhance supply
chain visibility, optimize inventory levels,
and predict potential disruptions

Developing contingency plans and
adaptable production processes to
respond swiftly to changing market
dynamics

Integrating sustainability practices into
supply chain strategies to enhance
resilience and minimize environmental
impacts

throughout these intricate networks, challenging the resilience
and adaptability of chemical manufacturers and suppliers world-
wide.****® These disruptions in the supply chain along with their
associated consequences are summarized in Table 1.

Table 1. Disruptions occurring in the chemical industry for supply chains along with their associated consequences due to the COVID-19 pandemic

Disruption

Consequence

Shortage of raw
materials

Transportation and
logistics issues

Challenges in
operations and
production

Shifts in demand and
product mix

Low resilience and
diversification

Challenges in quality

and compliance

Price volatility and
market uncertainty

+ Implementation of strict lockdown measures to control the virus's spread by many countries

+ Closure of factories, ports, and transportation hubs, disrupting the supply of essential raw materials to chemical
manufacturers

+ Challenges for suppliers to fulfill production demands due to reduced workforce availability, logistics bottlenecks,
and limitations in international trade

+ Hindrance in the transportation of chemicals and related products due to travel restrictions, border closures, and
reduced airfreight capacity

+ Struggle of chemical companies with delayed shipments, increased transportation costs, and uncertainties in
delivery schedules

- Exacerbation of the challenges in sourcing and distributing chemicals, impacting downstream industries
dependent on timely deliveries

- Operation of most facilities with reduced workforces to ensure employee safety

+ Decrease in production rates and potential plant closures

+ Delay in production lead times due to the need for enhanced safety protocols and additional sanitation measures

« Skyrocket of the healthcare sector's demand for pharmaceuticals, disinfectants, and medical equipment

« Sharp decline in demand for chemicals used in the manufacturing process of industries such as construction,
automotive, and textiles

+ Overreliance on a single geographic region or supplier for critical chemical materials

Note: This has caused chemical companies to reevaluate their strategies and consider diversification. Also, chemical
companies have initiated to explore alternative sources and establish resilient supply chains.

+ Increase in the risk of counterfeit or substandard products with the surge in demand for essential chemicals

+ Increase in the importance of ensuring product quality and compliance with regulations

+ Investment of chemical companies in robust quality control measures and supply chain traceability to maintain
product integrity and safeguard public health

- Significant price increases in health-associated products due to supply shortages and heightened demand

+ Creation of uncertainties for chemical companies, making it challenging to plan and forecast accurately

wileyonlinelibrary.com/jctb J Chem Technol Biotechnol 2023; 98: 2789-2797
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Table 3. Demand shifts in the sectors of the chemical industry with their associated consequences due to the COVID-19 pandemic

Sector Consequence

Healthcare « Formation of an immense strain on healthcare systems globally, leading to a surge in demand for essential medical
supplies, pharmaceuticals, and hygiene products
« An exponential increase in demand for chemicals used in the production of personal protective equipment, such as
face masks, gloves, and gowns
«+ Soaring in essential commodities such as disinfectants, hand sanitizers, and cleaning chemicals
Pharmaceuticals and « An unprecedented demand for active pharmaceutical ingredients and specialty chemicals used in drug

vaccines formulations due to the urgency to develop vaccines and treatments for COVID-19
« Increase in production to meet the demand for existing medications, while also accelerating research and
development efforts to develop new drugs and vaccines
Food and agriculture « Disruptions in supply chains and labor shortages as countries implemented lockdowns and travel restrictions
« Surge in demand for food products, agricultural chemicals, fertilizers, and crop protection chemicals
Automobiles, - Decrease in the application of chemicals used in these sectors
construction, and « Decrease in consumer spending and manufacturing activities
textiles
Energy and oil + Decrease in transportation and industrial activities during lockdowns resulted in reduced demand for petroleum
products
« Increase in cost pressures and uncertainties in feedstock supplies for the chemical industry
E-commerce and « Increase in remote work and stay-at-home measures
home-based « Increase in packaging materials, adhesives, and chemicals used in the production of electronics and home
sections appliances
Consumer behavior « Preference for more hygiene-focused and health-conscious products

« Increase in interest in purchasing sustainable and eco-friendly products

To mitigate these supply chain disruptions, chemical companies
adopted various strategies that are illustrated in Table 2 along
with their associated goals. The COVID-19 pandemic served as a

Table 4. Strategies adopted along with their associated goals to
address the demand shifts by the chemical industry due to the

COVID-19 pandemic

Strategy

Goal

Supply reallocation

Collaborations and
partnerships

Innovation and
product
development

Supply chain
flexibility

Market diversification

Sustainability focus

Swiftly reallocating production capacity and
resources to cater to the increased
demand for healthcare and hygiene-
related chemicals

Forming collaborations with healthcare and
pharmaceutical companies to expedite
the production of essential medical
supplies and vaccines

Accelerating research and development
efforts to create new products that cater
to changing consumer needs and
preferences

Establishing agile supply chains to respond
swiftly to fluctuations in demand and
maintain adequate inventory levels

Exploring new markets and applications for
existing chemicals to offset declines in
demand from traditional sectors

Incorporating sustainability into product
offerings and production processes to
fulfill consumer preferences and
emerging market trends

© 2023 The Authors.

wake-up call for the chemical industry, underscoring the impor-
tance of building robust, agile, and sustainable supply chains. As
the world recovers and navigates through a post-pandemic land-
scape, the lessons learned from these disruptions are likely to
reshape how chemical companies approach supply chain man-
agement in the future.**>*

SHIFTS IN DEMAND PATTERNS

The COVID-19 pandemic brought about a seismic shift in demand
patterns for chemicals, as various industries responded to the
evolving public health crisis and the changing needs of societies.
The demand for certain chemicals experienced unprecedented
surges, while others witnessed sharp declines. These shifts posed
unique challenges and opportunities for the chemical industry,
prompting companies to quickly adapt to the changing land-
scape. The sectors in which these shifts occurred along with their
associated consequences are summarized in Table 3.°°*° To
address these demand shifts, chemical companies adopted sev-
eral strategies, which are listed in Table 4.

The pandemic-driven shifts in demand patterns provided chemi-
cal companies with unique opportunities to innovate, diversify, and
contribute to the global response against COVID-19. While the chal-
lenges were significant, the industry's ability to adapt and respond
to these changes underscored its crucial role in supporting essential
sectors and societies during times of crisis.>®* As the world con-
tinues to recover and adapt to the post-pandemic landscape,
understanding and anticipating these demand shifts will remain
essential for the chemical industry's sustained growth and success.

WORKFORCE IMPLICATIONS

The COVID-19 pandemic had profound implications for the chem-
ical industry's workforce, presenting challenges that required

|
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Implication

Table 5. Workforce implications along with associated actions taken by the chemical industry due to the COVID-19 pandemic

Action

Employee safety
measures

Remote work and
digitization

Labor shortages and
workforce
resilience

Employee retention
and recruitment

Training and
upskilling

Mental health and
employee support

Cross-industry

collaboration

Regulatory
compliance

« Implementation of rigorous safety measures and health protocols to minimize the risk of virus transmission in the
workplace. This included mandatory mask-wearing, social distancing measures, frequent sanitization of work areas,
temperature checks, and enhanced hygiene practices

« Adoption of digital tools and technologies, enabling employees to collaborate, communicate, and manage operations
from their homes

- Investment in cybersecurity measures to protect sensitive company information

- Development of contingency plans and cross-training initiatives to ensure essential operations could continue in the
face of workforce disruptions

« Establishment of employee health and wellness programs to support the physical and mental well-being of workers
during stressful times

« Demonstration of a strong commitment to employee safety and well-being to retain the workforce and attract recruits

« Provide required skills for employees to effectively work in remote or hybrid environments and utilize digital tools for
various tasks. This also positively affected employees to stay productive and adaptable during the pandemic and
beyond

+ Recognition of the importance of providing mental health support to the workforce

- Establishment of employee assistance programs, counseling services, and open communication channels to help
employees cope with pandemic-related stressors

« Collaboration with other industries to share and receive best practices and resources in response to the pandemic's
challenges

Note: Cross-industry collaboration facilitated the exchange of knowledge and experiences in managing workforce
challenges and safety measures during the pandemic.

+ Navigation of changing health and safety regulations

- Staying compliant with evolving guidelines for implementing timely updates to policies and procedures

Strategy

Table 6. Implemented strategies along with their associated goals in the chemical industry in response to the COVID-19 pandemic

Goal

Repurposing
production lines

Collaboration with
other industries

Optimization of
production
processes

Ensuring business
continuity

Strategic inventory
management

Global collaboration
and knowledge
sharing

Sustainable solutions
and responsible
practices

Support for
communities

« Shift of production focus on essential medical supplies and hygiene products including sanitizers, disinfectants, and
cleaning chemicals to meet the soaring demand from healthcare facilities, governments, and consumers

« Collaboration with healthcare, pharmaceutical, and medical device manufacturers to address supply shortages and
expedite the production of critical medical supplies

« Supplying the swift scale-up of essential products, such as personal protective equipment, ventilator components, and
sanitizing agents, to support healthcare professionals on the frontlines

» Coping with disruptions in supply chains and fluctuations in demands for chemical products

+ Leverage of advanced technologies including data analytics and artificial intelligence to enhance operational efficiency
and reduce waste

+ Ensuring better responding to market dynamics and the timely delivery of essential products

+ Implementation of safety measures and providing necessary resources to protect the workforce

- Adoption of shift-based working arrangements to reduce the risk of virus transmission while keeping production lines
operational

« Evaluation of chemical inventory levels

« Prioritization of essential chemicals for increased production

« Positioning stockpiles strategically to respond to sudden changes in demand

+ Maintenance of sufficient inventories of critical chemicals helped mitigate the impact of supply chain disruptions

+ Addressing the common challenges that chemical industry associations and organizations encountered due to the
pandemic; this encompasses sharing best practices, lessons learned, and safety protocols

+ Protection of the workforce

» Enhancement of collective resilience

» Embracement of circular economy principles and seeking to minimize the environmental impact of chemical-
associated operations

« Practicing sustainable production to contribute to the fight against the pandemic

+ Fulfillment of growing consumer demands for eco-friendly products

«+ Providing financial aid, essential supplies, and medical equipment to local communities in need and frontline workers

- Partnering with non-governmental organizations to support relief efforts and help vulnerable populations

wileyonlinelibrary.com/jctb © 2023 The Authors. J Chem Technol Biotechnol 2023; 98: 2789-2797
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immediate attention and innovative solutions. As chemical manu-
facturers and suppliers navigated through the uncertainties of the
pandemic, the safety, well-being, and productivity of their
employees became a top priority.>>¢”

As the chemical industry moves forward, the workforce implica-
tions of the pandemic continue to influence how companies
approach employee well-being, workplace safety, and flexibility.
These implications along with their associated actions taken by
the chemical industry are summarized in Table 5. The lessons
learned during this period have underscored the importance of
investing in workforce resilience, digitalization, and employee
support mechanisms.?®7° Moreover, a greater emphasis on
employee-centric policies and sustainable practices can enhance
the industry's preparedness for future challenges, promote a pos-
itive work culture, and ensure the long-term success and growth
of the chemical workforce.”'”®

SECTOR RESPONSE AND RESILIENCE

The chemical industry demonstrated remarkable response
and resilience in the face of the COVID-19 pandemic. As the
crisis unfolded, chemical manufacturers and suppliers swiftly
adapted their operations to address the urgent needs of
society and support essential sectors. The implemented strat-
egies along with their associated goals in the chemical indus-
try are summarized in Table 6. The ability of the chemical
industry to innovate, collaborate, and pivot its production
capabilities showcased its critical role in mitigating the
impact of the pandemic. By repurposing production lines,
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collaborating with other industries, optimizing operations,
and embracing sustainable practices, the chemical sectors
played a crucial role in combating the virus and ensuring
the availability of essential supplies.”®8% The resilience dis-
played during this crisis has highlighted the importance of
strategic planning, digitalization, and responsible business
practices to navigate future challenges and contribute to a
more sustainable and prepared chemical industry.8'®*

LONG-TERM CHANGES AND

OPPORTUNITIES

The chemical industry has been significantly altered by the
enduring repercussions of the COVID-19 pandemic. These con-
sequences have given rise to a series of enduring modifications
and prospects that are projected to sculpt the trajectory of the
sector for years ahead. As chemical enterprises continue to nav-
igate the aftermath of this crisis, they are adopting fresh strate-
gies, technologies, and priorities aimed at fostering resilience,
sustainability, and expansion. These strategic approaches, out-
lined in Table 7 along with their corresponding goals, are being
actively pursued.®>®° Companies that can adeptly adapt and
innovate in response to these transformations are poised to
thrive in the post-pandemic age. By enacting these articulated
strategies, the chemical industry has the potential to establish
itself as a pivotal player in the global recovery process, thereby
contributing significantly to a more sustainable and robust
future.®®°

Table 7. Strategies along with their associated goals required in the chemical industry due to the changes and opportunities formed by the

COVID-19 pandemic

Strategy Goal
Emphasis on supply « Reevaluation of the supply chain strategies, aiming to reduce dependencies on single suppliers or regions
chain resilience « Mitigation of future risks and ensuring the continuity of operations by considering greater diversification,
regionalization, and localization for the supply chain
Digital transformation « Investment in data analytics, artificial intelligence, and automation to optimize production processes, enhance supply

and Industry 4.0

chain visibility, and improve operational efficiency

« Driving the industry towards Industry 4.0 to enable smarter and more agile operations
Focus on sustainability - Integration of eco-friendly practices into chemical operations and product offerings
and circular economy  « Contributing to cost savings and resource efficiency
Healthcare and life - Diversifying operational portfolios to focus on the development and production of pharmaceuticals, medical devices,

sciences opportunities and healthcare products

Note: This diversification presents opportunities for growth and alignment with evolving global health priorities.

Accelerated research and « Investment in technologies to explore novel chemical solutions

development, and
innovation
Reshoring and

regionalization flexibility

« Collaboration with research centers to address emerging challenges

« Reconsideration of manufacturing locations to reduce dependence on distant suppliers and improve supply chain

Note: This trend aligns with government policies focused on domestic manufacturing and national security.

Health and safety
prioritization

Advanced material
development

Circular economy
initiatives

Shift in consumer
behavior and
preferences

J Chem Technol Biotechnol 2023; 98: 2789-2797

© 2023 The Authors.

+ Implementation of long-term health protocols, flexible work arrangements, and mental health support systems to
prioritize the safety and resilience of the workforce

«+ Investment in the development of advanced materials that offer enhanced properties, durability, and sustainability

Note: These materials have applications in diverse sectors and can contribute to economic and societal resilience.

+ Implementation of closed-loop processes to reduce waste, conserve resources, and recycle materials

« Collaboration with stakeholders throughout the value chain to promote circularity

« Adoption of operational portfolios to more eco-friendly, health-conscious, and locally produced products

« Adjustment in marketing strategies to cater to evolving consumer trends

wileyonlinelibrary.com/jctb
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Table 8. Lessons learned along with their associated benefits in the chemical industry due to the COVID-19 pandemic

partnerships resources, and expertise

responsibility

Lesson Benefit
Supply chain diversification + Mitigation of disruptions during unforeseen events
and redundancy + Enhancement of overall resilience
Scenario planning and risk « Incorporation of scenario analysis into strategic decision-making processes to evaluate potential risks and
assessment responses under various situations
+ Better preparation for future uncertainties
Digitalization and data « Investment further in digitalization and data analytics
analytics + Optimization of processes to forecast demand more accurately and to make more informed decisions in
real time
Business continuity plans + Revising and updating operational plans to include more comprehensive risk assessments, contingency
measures, and communication strategies
+ Ensuring smoother operations and enabling a quicker recovery during disruptions
Flexibility and agile + Implementation of more flexible and agile operations to respond promptly to shifts in demand, supply
operations chain disruptions, and evolving market dynamics
Collaborations and + Exploring alliances with other industries, research institutions, and governments to share knowledge,

» Promotion of innovation and the possibility to react with coordinated responses to future challenges
Focus on employee health « Prioritization of the workforce health, safety, and mental well-being
+ Integration of employee support programs, flexible work arrangements, and continuous training and
upskilling initiatives into company cultures

Sustainable practices and + Emphasis more on circular economy principles, eco-friendly solutions, and resource efficiency
resilient products + Enhancement of resilience by reducing waste and dependence on finite resources
Agility in decision-making » Empowering the operating teams with sufficient authority to make critical decisions swiftly
- Enabling faster responses to emerging challenges and opportunities
Community engagement - Engaging actively in corporate social responsibility initiatives
and corporate social + Contributing to local communities, leveraging their expertise to address societal needs during crises

FUTURE PREPAREDNESS AND LESSONS
LEARNED

The COVID-19 pandemic has been a transformative event for the
chemical industry, underscoring the need for future preparedness
and a proactive approach to address potential crises. The lessons
learned from this unprecedented experience have paved the way
for valuable insights that will help chemical companies build resil-
ience and enhance their ability to navigate future challenges.
These lessons along with their associated benefits in the chemical
industry are summarized in Table 8. By assimilating them into
their strategies and operations, chemical companies can emerge
as more resilient, sustainable, and socially responsible enti-
ties.”®%" Future preparedness requires a proactive and adaptive
mindset, a commitment to embracing new technologies, and a
willingness to collaborate across sectors and borders. Armed with
these valuable lessons, the chemical industry can navigate future
uncertainties with greater confidence and make significant contri-
butions to global recovery and progress.'%%%

CONCLUSIONS

The COVID-19 pandemic has presented the chemical industry
with unprecedented challenges, disrupting supply chains, shift-
ing demand patterns, and testing the resilience of companies
worldwide. However, it has also sparked innovation, collabora-
tion, and adaptation, revealing the industry's ability to respond
swiftly and contribute meaningfully to society in times of crisis.

As the world moves towards recovery, the chemical industry
has learned valuable lessons that will shape its future trajectory.
Supply chain diversification, scenario planning, and digitaliza-
tion have emerged as critical elements to enhance resilience
and preparedness for future challenges. Chemical companies
are recognizing the importance of employee well-being, sus-
tainable practices, and community engagement, highlighting a
shift towards a more socially responsible and eco-conscious
approach.

The pandemic has accelerated digital transformation within the
chemical industry, driving Industry 4.0 adoption and advocating
agile decision-making. Collaborations with other sectors, research
institutions, and governments have facilitated knowledge sharing
and innovation, enabling a collective response to global chal-
lenges. It is feasible to envision that the chemical industry has
opportunities to capitalize on the lessons learned. By focusing
on healthcare and life sciences, advanced material development,
and circular economy initiatives, chemical companies can align
with evolving market trends and contribute to societal needs.
Moreover, the emphasis on sustainability, regionalization, and
responsible practices will define the chemical industry's future
success. Chemical companies that prioritize sustainability and cir-
cularity will meet consumer demands and foster long-term resil-
ience and resource efficiency.

Future preparedness requires a proactive approach, drawing
from the experiences and adaptations during the pandemic.
Strengthening supply chain resilience, enhancing digital capa-
bilities, and promoting a culture of innovation will empower
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