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The furniture industry is experiencing a significant transition driven by digital technologies.
This article comprehensively reviews various technologies, techniques, and innovations the
furniture industry adopts to enhance efficiency, sustainability, and competitiveness. The
2023 analysis draws on a systematic literature review of recent publications in ScienceDirect and
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Scopus databases. The study highlights the potential of automation, robots, augmented reality,
and the Internet of Things to improve the furniture production process, reduce waste, and

Fr— boost profitability. Additionally, the article examines technologies and approaches that can help
eywordas - . . . . .
A ) the furniture industry become more sustainable and socially responsible, such as green supply
utomation . . .
o ) chain management, life cycle assessment, and ergonomic treatments. The paper concludes by
Digital Transformation . . - . . .
i advocating for a comprehensive digital transformation strategy that includes embracing new
Furniture Industry - .o . . . T .
) technologies, developing innovative business models, and promoting sustainability and ethical
Life Cycle Assessment standards

Sustainability

1. INTRODUCTION

The furniture industry has undergone considerable
changes,  including  technological  breakthroughs,
globalization, and shifting consumer preferences. The sector
has recently encountered problems such as environmental
concerns (Teng et al., 2023), supply chain interruptions
(Caridi et al., 2012; Hisjam et al., 2015; Susanty et al.,
2016), and increased competition (Carpano et al., 2006),
necessitating reform to maintain long-term survival.

The need for greater sustainability is a significant
challenge for the furniture sector, including lowering
environmental effects, encouraging social responsibility,
and guaranteeing economic viability (Feil et al., 2015).
Furthermore, the industry must handle worker safety,

supply chain management, and product quality concerns
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(Hisjam et al., 2015). To achieve these objectives,
embracing technological breakthroughs, applying new
initiatives, and executing best practices are necessary.

This review article aims to look into several
technical breakthroughs, tactics, and best practices that can
be used to alter the furniture sector in the digital age. The
article will discuss many techniques for addressing industrial
difficulties, such as enhancing sustainability, worker safety,
supply chain management, and product quality. The paper
will also discuss the benefits and drawbacks of different
approaches  and  recommendations  for  their
implementation.

Product modularity and innovation are critical
strategies for improving supply chain performance (Caridi

et al., 2012). This method enables businesses to design
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products with modular components that can be easily
adjusted to match the needs of specific customers. This
method can lower production costs, increase efficiency, and
boost customer satisfaction. Therefore, significant
investments in research and development are required
(Michalski, 2015).

Global value chains have been demonstrated to
promote competitiveness and upgrading in the furniture
business (Epede & Wang, 2022). This strategy entails
integrating various value chain stages across many
geographies, allowing enterprises to enter new markets, cut
costs, and boost competitiveness. However, to guarantee
efficient  adoption,  extensive  coordination  and
administration are required (Colak et al., 2015).

Automatic control is another strategy that has been
found to improve precision and efficiency in the furniture
sector (Teng et al., 2023). It entails using automated
technology to control manufacturing, decrease human
error, and enhance efficiency. This strategy can potentially
increase quality while lowering manufacturing costs, but it
necessitates significant investments in technology and
infrastructure.

Ergonomics in analyzing work stress and its effects
on workers has been identified as critical in guaranteeing
worker safety in the furniture business. This method can
assist in identifying potential risks and providing remedies
to lessen the chance of injury. Nonetheless, significant
investments in training and equipment are required. The
furniture sector faces several issues requiring reform to
assure long-term viability. Implementing technological
advances, new techniques, and best practices can assist in
addressing these issues.

In recent years, the furniture industry has witnessed
a significant transformation, predominantly driven by the
adoption of digital technologies. Central to this revolution
has been the integration of Computer Numerical Control
(CNC) machinery in production, which has enabled
unprecedented precision and efficiency (Koc et al., 2017;
Rabiei & Yaghoubi, 2023). CNC machines have allowed
complex designs to be executed precisely, minimizing

human error and reducing waste materials (Kaba et al.,

2023). It has led to cost savings and expanded the
possibilities for custom furniture design, catering to a
market that increasingly values uniqueness and
personalization.

Alongside  production  enhancements, 3D
modelling software has redefined the design process within
the furniture industry (Caeiro et al., 2022; Falheiro et al.,
2022; Tikul et al., 2022). Designers are now equipped to
create and modify intricate product models digitally, which
can be visualized in virtual environments, allowing for rapid
prototyping and iteration (Andrikos et al., 2023; Nijdam et
al., 2022; Werner et al., 2021). This shift has significantly
reduced the time from concept to market, fostering a culture
of innovation and agile response to consumer trends.

Furthermore, Enterprise Resource Planning (ERP)
systems have brought about a new era of supply chain
management (Chopra et al., 2022; Lengnick-Hall et al.,
2004). By integrating all facets of operations, from
inventory management to customer relations, ERP systems
provide a transparent view of the supply chain, enabling
companies to anticipate demand, optimize stock levels, and
respond swiftly to supply chain disruptions. This
comprehensive oversight has been pivotal in enhancing
furniture companies' responsiveness to volatile market
dynamics.

The cumulative impact of these digital technologies
is profound. Production lines are not only more efficient but
also more adaptable to changing consumer preferences.
Design capabilities have expanded, allowing for a broader
range of products to be offered. The supply chain has
become more transparent and responsive, improving
customer experience. As such, the digital age has not only
reshaped the operations of the furniture industry but also
set a new standard for what is possible within this traditional

sector.

2. METHODS

The research is a literature review utilizing
publications from ScienceDirect and Scopus databases. It
focuses on the furniture industry: digital technologies like
automation, robots, augmented reality, and IoT impact

industry efficiency, sustainability, and profitability. The
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study will evaluate the contribution of these technologies to
production processes, waste reduction, and profitability,
alongside their role in sustainability and social
responsibility. It will integrate case studies of furniture
companies that have adopted these technologies, providing
a practical perspective and, where possible, a comparative
analysis of their implementation. The methodology will also
suggest future research directions, particularly in emerging

technologies and their long-term industry impact.

3. RESULT AND DISCUSSION
3.1. Furniture Industry

The furniture industry is a dynamic and highly
competitive sector that has undergone significant changes in
recent years. The emergence of global value chains and
increased competition has resulted in the need for furniture
manufacturers to adopt innovative practices to stay ahead.
One approach to maintaining a competitive edge is
continually improving product quality, which can be
achieved by developing flexible and creative goods,
collaborating with relevant stakeholders, and implementing
advanced technologies such as automatic control systems
and electrostatic powder coating. Despite the challenges, the
furniture industry presents many opportunities for growth
and innovation, making it an exciting and ever-evolving
field.

3.1.1. Overview and Historical Context of the Furniture
Industy

The furniture industry is diverse and dynamic,
facing several problems and roadblocks in its operations.
Caridi et al. (2012) found that the main challenge in
aligning supply chain decisions is the level of complexity
and creativity involved in the product. Specifically, they
identified product modularity and innovativeness as
essential factors contributing to this difficulty. Furthermore,
Abu et al. (2019) identify technical knowledge, training,
and financial resources as major hurdles when
implementing lean manufacturing in furniture. As a result,
to achieve sustainable growth, organizations in the furniture
sector must address these problems by improving their
technical competence, supply chain efficiency, and resource

allocation.

In the furniture industry, global value chains are
critical. According to Epede & Wang (2022), whereas
African countries have remained at a comparative
disadvantage, Asian countries of various economic levels
have emerged as practical instances of sector upgrading.
Even with their substantial competitive advantages,
European and American countries face decreasing
tendencies. Navas-Alemd (2011) also shows that upgrading
is limited for developing-country enterprises that export
through global value chains. As a result, the furniture
industry must assess its position in global value chains and
look for ways to improve its competitiveness in the
worldwide market.

Technology integration in the furniture sector
brings both benefits and obstacles. Firms confront
considerable hurdles, such as the high cost of deploying
automatic control technology and the necessity for
specialized people to operate and maintain machinery.
Likewise, optimizing pyrolysis parameters in Auger Reactor
Pyrolysis can be difficult, and the qualities of the produced
bio-oil may differ depending on the feedstock (Ahmed et
al., 2020). As a result, businesses must assess the cost-benefit
of integrating new technologies and devise methods to
overcome the hurdles of technology adoption.

The furniture industry has been linked to some
health risks, emphasizes the health risks associated with
wood dust, and recognizes mechanical injuries resulting
from unsafe working conditions and risky activities in the
wood-bamboo  furniture  manufacturing  business.
Additionally, upholsterers, sanders, and sprayers are more
likely to become ill than furniture workers (Vaajasaari et al.,
2004). As a result, businesses must emphasize employee
health and safety by implementing relevant measures such

as ergonomic interventions and safe woodworking

machinery.

3.1.2. Furniture Industry Structure
The furniture industry is complicated, with a
supply chain that includes many stakeholders, such as
suppliers, manufacturers, distributors, and retailers. Epede

& Wang (2022) underline the necessity of integrating
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global value chains to promote industry competitiveness
and upgrading. Furthermore, according to Abu et al.
(2019), lean manufacturing can improve productivity,
workplace organization, and space use. Azizi et al. (2016)
recommend using a multi-criteria decision-making method
to assess the sustainable growth of wooden furniture
businesses since this method can identify and prioritize
indices influencing the industry's sustainability.

The sector also faces worker health and safety issues.
Woodworkers, for example, are at risk of nasal cancer. As a
result, risk assessment and ergonomic evaluations are critical
to treating pain-related and ergonomic concerns. To reduce
the risk of musculoskeletal problems, Mirk (2005) suggests
using safe woodworking machinery and ergonomic
recommendations for the furniture manufacturing business.

Regarding innovation, according to Oliveira et al.
(2016), information systems can reduce waste, optimize
purchase and consumption, and increase profitability and
sustainability. Furthermore, Jicome et al. (2021) propose a
strategy that fosters innovation as a dynamic competence in
the furniture sector, concentrating on business-led,
collective innovation that prioritizes suppliers, consumers,
competitors, and retailers.

Environmental sustainability is another critical part
of the furniture industry (Farooq et al., 2022). Green value
chain techniques can improve environmental performance
by incorporating environmentally friendly practices into all
value chain phases. Iritani et al. (2015) underline the
importance of life cycle assessments in establishing more
energy and resource-efficient manufacturing processes,
which contribute to overall improvements in product
environmental performance. Furthermore, Kremensas et al.
(2021) emphasize the potential benefits of employing hemp
shivs and corn-starch-based biocomposite boards, which
offer more excellent water resistance and fire reactivity, to
promote environmental sustainability.

Finally, the furniture sector has worker health and
safety issues and environmental sustainability. Integrating
global value chains and using lean manufacturing can boost
competitiveness. The development of innovation as a

dynamic competence in the industry can contribute to its

progress. The industry should prioritize worker health and
safety, develop sustainable practices, and employ life cycle

evaluations.

3.2. Transforming The Furniture Industry

The furniture industry is in the midst of a digital
transformation, with the increasing adoption of advanced
technologies such as artificial intelligence, automation, and
the Internet of Things. These innovations can revolutionize
how furniture is designed, produced, and distributed,
resulting in increased efficiency, improved sustainability,
and enhanced customer experiences. The implementation
of digital technology also offers the opportunity for greater
customization, with consumers able to create bespoke
designs and products tailored to their needs. However, the
industry faces challenges such as high implementation costs,
resistance to change, and the need for skilled labour to
operate and maintain machines. Despite these obstacles, the
transformative power of digital technology is evident, and
the furniture industry that embraces these changes will
likely enjoy a significant competitive advantage in the years
ahead.

The integration of digital technology in the
furniture industry has catalyzed a paradigm shift with
profound economic implications. The advent of automated
production lines and precision machinery has significantly
reduced labour costs and minimized errors, leading to a
leaner production model with enhanced profitability
(Falheiro et al., 2022; Long et al., 2020). Digital inventory
systems have streamlined supply chain management,
preventing overproduction and excess stock and optimizing
capital expenditure. Moreover, online sales platforms and
digital marketing strategies have broadened market reach,
allowing even small-scale manufacturers to access global
markets, thus democratizing the competitive landscape.

However, the journey towards  digital
transformation has its challenges. Resistance to change is a
significant hurdle, with a portion of the workforce often
wary of new technologies perceived as threats to job security.
Moreover, a gap in digital literacy can stymie the adoption

of advanced technologies, necessitating investment in
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education and training. Companies must navigate these
human factors with sensitivity and foresight, fostering an
inclusive culture where technology is seen as an enabler
rather than a disruptor.

Crystal Doors has digitalized its operations to
remain competitive and achieve net-zero emissions. They
established a network of sensors connecting their machines
through the cloud to a dashboard, which has led to
operational efficiencies and reduced emissions. Their digital
transformation included workshops and workforce
development to integrate emerging technologies and
manage cultural change.

3.2.1. The Role of Digital Technology in the Furniture
Industy

The furniture sector is undergoing substantial
changes in the digital age, and integrating digital
technologies has become critical. According to Carpano et
al. (2006), international rivalry and a resource-based
conception of the company drive changes in mature
localized sectors. The sector must adapt to new business
settings to stay competitive, and digital technology provides
a means. However, (Abu et al., 2019) state that personnel-
related concerns, a lack of implementation know-how, and
employee resistance impede the implementation of lean
practices in organizations. Adopting digital technology and
its numerous capabilities can assist in overcoming these
obstacles.

Digital technology is critical to the supply chain of
the furniture industry. According to Caridi et al. (2012),
supply chain decisions are affected by the complexity and
creativity of products and can be customized to optimize
performance. The industry can use digital technology to
help it connect its supply chain with product characteristics
and optimize performance. Digital technology can improve
machine precision, efficiency, and accuracy, lowering costs
connected with traditional manufacturing processes (Vidal
etal., 2011).

Digital technology can also improve the furniture
industry's sustainability practices. According to Azizi et al.
(2016), high-priority =~ sub-criteria include economic

stability, developing industrial furniture clusters, adjusting

furniture and wooden product importation tariffs, reducing
volatile organic compounds, and marketing and union
reinforcement creation of a competitive environment
(Szczurek et al., 2021). Industry can use digital technology
to help them meet these sub-criteria by decreasing waste,
optimizing resource usage, and introducing sustainable
manufacturing methods. Furthermore, digital technology
may assist businesses in monitoring their environmental
footprint and making necessary modifications (Linkosalmi
et al., 2016).

The implementation of digital technology in the
furniture industry needs to be improved. One issue is a need
for more implementation expertise and employee resistance
to change (Abu et al., 2019). Another area for improvement
is the high expense of integrating digital technologies. The
traditional market-pricing model understates financial
losses. As a result, before making decisions, businesses must
weigh the cost-benefit of integrating digital technologies.

Finally, the furniture sector must adopt digital
technologies to compete in the digital age. Industry can use
digital technology to optimize supply chains, increase
sustainability practices, and minimize costs associated with
traditional manufacturing methods. On the other hand, the
industry must overcome hurdles relating to implementation
know-how and employee resistance to change.
Furthermore, businesses must weigh the cost-benefit of
integrating digital technologies before making decisions. As
the furniture industry evolves, digital technology will play

an increasing role in altering the industry in the digital age.

3.3. Digital Transformation In The Furniture Industry

3.3.1. Challenges and Opportunities of the Furniture
Industry

The furniture sector has a variety of difficulties and
opportunities. Due to the industry's complexity, one crucial
problem is matching supply chain decisions with product
flexibility and innovativeness (Caridi et al., 2012). This
problem has an impact on new product development as well
as the implementation of modular furniture design. Another
area for improvement is the high expense of integrating new
technology, such as automatic control, and the requirement

for skilled people to run and maintain the machinery. The
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high cost of technology deployment can negatively
influence small and medium-sized firms' capacity to
compete in the market.

The furniture sector faces environmental challenges
as well. For example, Vicente et al. (2023) find that
electrocoagulation treatment efficacy is insufficient to meet
legal water discharge standards. The health risks associated
with wood dust impair industrial personnel's health. The
industry sector must adopt long-term policies and
implement measures to ensure the safety of workers.

Furthermore, the furniture sector needs help in
implementing new developments and technologies.
According to Abu et al. (2019), technical knowledge,
training, and financial resources are significant hurdles
during the early stages of implementing lean manufacturing
in the sector. Adopting new technology can impact
competitiveness and limit the potential to develop (Han et
al., 2009).

The references provided also emphasize prospects
in the furniture sector. One possibility is using sustainable
solutions, such as green value chain practices and Life Cycle
Assessment  (LCA) (Iritani et al, 2015). Adopting
sustainable solutions can assist in addressing environmental
issues while also increasing industry competitiveness.
Another potential is using new technologies, such as Agile
Product-Service Design with VR technology (Freitag et al.,
2018). Using new technology can boost the industry's
innovative skills and furniture producers' competitiveness.

The furniture industry's historical reliance on
manual craftsmanship and skill has evolved dramatically
with the advent of digital technology. Traditional methods
were characterized by labour-intensive processes and long
production cycles, often resulting in higher costs and
limited scalability. In contrast, the industry's current state is
defined by a synergy between skilled artisans and advanced
technologies, leading to a renaissance in production and
design.

A pivotal case study that exemplifies this evolution
is the journey of 'Integral Surface Design (ISD)" a once-
traditional ~ manufacturer  that  embraced  digital

transformation. Integrating advanced CNC machinery into

its production lines, Integral Surface Design increased its
output by 50% while reducing material waste by 30%.
Their adoption of 3D printing technology further allowed
for rapid prototyping, enabling them to bring products to
market in half the time previously required. This agility has
been critical in maintaining its competitive edge in a market
driven by fast-changing consumer preferences.

Another example is IKEA, a startup that disrupted
the market by leveraging virtual reality (VR) to offer
immersive design experiences to its customers (Kostecka &
Kopczewska, 2023). Agile Product-Service Design with VR-
technology: A use case in the furniture industry (Freitag et
al., 2018). This technology allowed clients to visualize
custom furniture pieces within their homes, leading to a
40% increase in customer satisfaction and a significant
uptick in bespoke orders. IKEA has set a new standard for
customer engagement in the digital age, showcasing the
potential for technology to enhance the manufacturing
process and the end-user experience.

These cases underscore a broader industry trend:
companies that integrate digital technologies set
benchmarks for efficiency, innovation, and customer
engagement. As a result, they are redefining success in the
furniture industry, proving that integrating digital tools is
not merely an operational upgrade but a strategic imperative
for growth and sustainability in the 21st century.

Finally, as emphasized in the referenced references,
the furniture sector faces various difficulties and
opportunities. Aligning supply chain decisions with the
complexity and creativity of products, deploying new
technologies, and addressing environmental and health risks
are all challenges. Opportunities in the industry, on the
other hand, include the adoption of sustainable practices
and new technologies. The furniture industry must adopt
innovative technologies and sustainable techniques to

remain competitive and overcome the issues it confronts.

3.3.2. Case Studies of the Furniture Industry
The furniture business is undergoing a tremendous
transition in the digital age, with digital technologies

resulting in various benefits and issues. One significant
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benefit of digital technology in the furniture sector is better
efficiency, workplace organization, and space use.
According to Abu et al. (2019), technical expertise, training,
and financial resources are all mentioned as hurdles during
the early stages of implementation. Additionally,
anticipating and preempting evolving environmental rules
and customer expectations is essential in incorporating
environmentally friendly activities into all value chain stages
(Linkosalmi et al., 2016).

However, the furniture business faces various
hurdles when it comes to using digital technology.
According to Caridi et al. (2012), the critical obstacle is the
difficulty in aligning supply chain decisions with product
modularity and innovativeness due to the industry's
complex character, which hinders supply chain performance
alignment. Another area for improvement is the cost of
deploying technology and the required qualified staff to run
and maintain the devices. Ahmed et al. (2020) also address
the difficulty of optimizing pyrolysis parameters, with the
resulting bio-oil characteristics differing depending on the
feedstock.

Although innovative technology and human
integration are required to mitigate market risk for new
product-service systems, Freitag et al. (2018) observe that
this integration might be complex for enterprises. The
challenges of enhancing process measurement instruments,
process control, and quality assurance also exist.
Contradictions  between  traditional =~ manufacturing
technology and new automation techniques can also be
problematic. The use of integrated management and
stakeholder management systems in small and medium-
sized firms in the furniture industry impedes enhanced
social and environmental implications of management
decisions (Jadudov4 et al., 2015).

The advantages of digital technology within the
furniture industry extend beyond operational efficiencies,
profoundly enhancing product customization and customer
experience (Falheiro et al., 2022; P. et al.,, 2022). Digital
technologies, such as CAD/CAM  software, have
empowered customers to participate directly in the design

process, tailoring furniture to their preferences and space

requirements. This level of customization has transformed
customer interactions from passive purchasing to active
creation, resulting in a more engaged and satisfied customer
base.

One illustrative example is 'Newport Furniture
Parts," which utilizes CNC machinery and CAD software to
produce high-quality furniture parts. By adopting these
technologies, they have ensured precision, reduced waste,
and increased productivity. Their use of modern technology
has helped them maintain their position as a leader in the
wood component industry. Such innovations underscore
the strategic value of customization in today's market, where
differentiation is critical to capturing consumer attention
and loyalty.

Despite these advantages, the furniture industry
faces significant hurdles in implementing digital
technologies. The challenge often lies in overcoming the
inertia of established practices and the apprehension
towards the perceived complexity of new systems. Successful
change management strategies have been central to
navigating these challenges. This global company, IKEA,
uses materials from sustainable sources such as FSC-certified
wood and recycled materials. They have implemented
energy-efficient manufacturing processes and  waste
reduction initiatives and use renewable energy sources. They
also use innovative designs such as modular furniture and
have a product line made from recycled PET bottles and
reclaimed wood.

Herman Miller uses sustainable materials such as
recycled content and rapidly renewable resources. They
design furniture for durability and longevity, incorporate
eco-design principles, and have embraced modular design
principles. Herman Miller has also integrated technology,
such as the Live OS system, with their products.

West Elm uses source sustainable materials like
ESC-certified wood and organic cotton and partners with
suppliers who share their commitment to sustainability.
West Elm has also implemented energy-efficient
manufacturing processes and offers recycling programs for

their products.
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Blu Dot Uses eco-friendly materials such as FSC-
certified wood and recycled content and focuses on
producing durable furniture. They have adopted energy-
efficient manufacturing processes, waste reduction
initiatives, and use renewable energy sources. Blu Dot is also
known for implementing computer-controlled cutting and
advanced robotics.

Ekomia Specializes in sustainable furniture
manufacturing using materials like FSC-certified wood,
recycled materials, and natural fibres. Their designs focus on
durability and longevity and support the circular economy
with furniture rental and buy-back programs. Ekomia also
uses intelligent manufacturing processes and has embraced
3D printing technology for efficient production.

These case studies exemplify how digital
technologies can be harnessed to drive the furniture
industry's growth, efficiency, and sustainability. The
synthesis of these experiences within the industry shows that
while digital technology brings considerable benefits in
customization and customer engagement, its successful
deployment hinges on thoughtful change management
strategies. These strategies must prioritize human factors,
ensuring that technology adoption is about the tools and the
people who use them.

Finally, the furniture sector is undergoing a
substantial shift in the digital age, with digital technology
resulting in various benefits and obstacles. There are several
benefits to adopting digital technology, including increased
efficiency, improved workplace organization and space
utilization, and enhanced environmental performance.
However, the industry faces challenges such as high
implementation costs, difficulty adapting supply chain
decisions to product complexity, and the requirement for
skilled labour to operate and maintain machines, which
impede widespread adoption. New product-service systems
require novel technology and personnel integration to
mitigate market risk. Businesses must face these issues to
benefit from implementing digital technology and prosper
in the digital age.

In the digital age, the furniture sector is undergoing

a revolution. Freitag et al. (2018) emphasize using virtual

and augmented reality technology in the furniture sector for
agile product-service design, allowing customers to sample
their desired products before purchasing, improving their
buying experience. Tsang et al. (2022) also discuss that
using big data analytics in the furniture industry has led to
intelligent product design frameworks that allow for greater
flexibility and self-improvement mechanisms and optimize
production processes, reducing manufacturing costs and
improving efficiency.

Another example of digital transformation in the
furniture business is using information systems to reduce
the wastage of raw materials created during manufacturing
(O. Oliveira et al., 2016). Furniture makers can discover
places where waste can be eliminated by collecting and
evaluating data on the manufacturing process, resulting in
cost savings and enhanced sustainability (O. Oliveira et al.,
2016). Furthermore, de Lima Mesquita et al. (2018)
highlight the usage of eco-particleboards derived from
alternative raw materials such as acai fruit fibres as a more
sustainable alternative to regular particleboards in the
construction and furniture industries.

Even with the advantages of digital transformation
in the furniture sector, there are still hurdles. The rapid
growth of microelectronics and advanced automation
techniques may result in incompatibilities between
traditional manufacturing technologies and automation
techniques. Furthermore, the furniture sector must handle
the issue of hazardous waste generated throughout the
manufacturing process. According to Vaajasaari et al.
(2004), excess paint leftovers formed during the spray-
painting process contain dangerous substances that persist
in the solid waste, and toxicity may leak from residues in
contact with water at landfill sites. As a result, furniture
makers must establish  sustainable manufacturing
techniques that limit waste and harm the environment.

Finally, digital change in the furniture sector
enables better consumer experiences, cost reductions, and
sustainability. Furniture makers are adopting virtual and
augmented reality technology, big data analytics, and
information systems to enhance production processes and

eliminate waste. However, inconsistencies between
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traditional ~ manufacturing  technology,  automation
techniques, and hazardous waste generation must be

addressed to achieve sustainable change.

3.4. Strategies For Maintaining Competitive Advantage

In the realm of modern furniture manufacturing,
the integration of advanced technologies like Artificial
Intelligence (Al), the Internet of Things (IoT), automation,
3D modelling, CNC machinery, and Enterprise Resource
Planning (ERP) systems is not just a trend but a paradigm
shift. Al is revolutionizing design processes through
predictive analytics and customized design solutions,
enhancing creativity and efficiency. IoT, with its network of
interconnected devices, offers unparalleled monitoring and
control over production processes, leading to significant
improvements in operational efficiency. Automation, in its
many forms, from robotic assembly lines to automated
logistics, redefines furniture production's speed and
precision.

Furthermore, 3D modelling has opened new
horizons in furniture design, allowing for intricate and
precise models that can be easily modified and visualized
before production. CNC machinery complements this by
turning these digital designs into reality with unmatched
accuracy, drastically reducing the time and material waste
traditionally associated with manufacturing. Lastly, ERP
systems are the backbone of supply chain management,
integrating various processes from inventory management
to customer relations, ensuring a seamless flow of
information and resources across the entire value chain.

Together, these technologies are streamlining
production and design and reimagining the entire supply
chain management, making it more responsive, efficient,
and customer-centric. By exploring these technologies in
greater depth, we can better understand their transformative
impact on the furniture industry, paving the way for a future
where innovation, efficiency, and sustainability are
intrinsically linked.

The industry must adopt effective strategies to
maintain a competitive edge in the highly competitive

furniture industry. One approach is to develop and

implement  sustainable  practices, such as using
environmentally friendly materials and reducing waste.
Another critical strategy is to prioritize innovation,
constantly seeking new and creative designs that meet the
evolving needs of consumers. Collaboration with relevant
stakeholders, such as designers and suppliers, can also
provide a competitive advantage by facilitating the exchange
of ideas and expertise. Furthermore, leveraging digital
technologies such as automation and artificial intelligence
can improve production efficiency, reduce costs, and
enhance product quality. Ultimately, a thriving furniture
industry must be agile and adaptable, able to respond
quickly to changes in the market and continually evolve its

strategies to stay ahead of the competition.

3.4.1. Enhancing Product Quality

Because the furniture sector is characterized by
fierce competition, businesses must constantly seek ways to
maintain their competitive advantage. One strategy is to
improve product quality, which is critical in satisfying client
needs and maintaining a positive reputation (Robb & Xie,
2003).

Furthermore, innovation is critical in upgrading the
value chain, aided by collaboration among essential
stakeholders such as the government, industry actors, and
individual enterprises (Epede & Wang, 2022). Global value
chains have intensified competition in the wooden furniture
industry. Collaborating with the right stakeholders can
enable successful upgrading, as supported by their research
and the findings of (Azizi et al., 2016), who developed a
strategy for assessing the sector's long-term growth using
multi-criteria decision-making. Their research identified
high-priority sub-criteria such as increased economic
stability, development of industrial furniture clusters,
adjustment of furniture and wooden product import tariffs,
reduction of volatile organic compounds, marketing, union
reinforcement, and creation of a competitive environment.

In terms of technology, automatic control systems
are critical for enhancing the efficiency and precision of
machines in the furniture and construction industries.

These technologies improve precision, efficiency, and
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accuracy, producing higher product quality. Additionally,
Ayrilmi (2022) discovered that due to the development of
low-temperature curing powder coatings and the fabrication
of special-grade MDF panels, electrostatic powder coating
had acquired broad application on wood-based panels. This
technology improves product quality, making it essential for
maintaining a competitive advantage.

The furniture industry is highly competitive, and
maintaining a competitive edge requires continual
improvements in product quality. The strategy will be
achieved by developing flexible and innovative goods,
collaborating with relevant stakeholders, implementing
automatic control systems, and utilizing advanced
technologies like electrostatic powder coating. By
implementing these techniques, businesses in the furniture
sector can separate themselves from competitors and retain

a positive reputation among clients.

3.4.2. Enhancing  Production  Efficiency — and
Effectiveness
Improving  manufacturing  efficiency  and

effectiveness in the furniture sector is critical for
maintaining a competitive advantage in the digital age.
Using lean manufacturing, which focuses on waste
elimination and process optimization, is one way to do this.
According to Abu et al. (2019), lean businesses may need
help with problems such as employee-related concerns, lack
of implementation knowledge, and reluctance to change.
However, the advantages of lean manufacturing are evident
since it results in better resource use, shorter cycle times, and
higher output.

Another technique for increasing production
efficiency and effectiveness in the furniture and
construction industries is to use automatic control systems.
These methods improved machine precision, efficiency, and
accuracy, allowing for more control and reduced human
error in production operations. Similarly, intelligent
product design frameworks based on big data analytics can
improve manufacturing efficiency and effectiveness through
increased flexibility and self-improvement mechanisms in

product design evolution (Tsang et al., 2022).

Effective supply chain management improves
performance and competitiveness. Caridi et al. (2012)
discovered that product modularity and innovativeness
influence supply chain decisions. Aligning supply chain
choices with these product qualities might maximize
performance. According to Epede & Wang (2022),
expanding global value chains has impacted the furniture
business by increasing competition. The participation of
major stakeholders such as government, industry actors, and
individual enterprises can result in successful value chain
upgrading (Scott, 2000).

The furniture sector can use many innovations and
technologies to reduce waste and promote sustainability.
Eco-particleboard manufacture employing acai fruit fibres,
for example, resulted in superior mechanical qualities and
could be used as raw materials for medium-density
homogeneous particleboards in the building and furniture
industries (de Lima Mesquita et al., 2018). Using life cycle
assessment (LCA), Iritani et al. (2015) identified two
sustainable strategies: optimizing transportation systems
using alternative raw materials and using 100% wood waste,
which is more sustainable for medium-density particleboard
manufacture. Figure 1 shows sustainable manufacturing
practices using recycled plastic in furniture production. The
benefits of using sustainable furniture practices include
reducing waste and pollution, conserving natural resources,
and promoting ethical production standards. The
implementation of closed-loop production systems to
reduce waste and the use of eco-friendly finishes or coatings
that are free of harmful chemicals.

Enhancing occupational health and safety in the
furniture sector can boost productivity and effectiveness.
Ergonomic treatments, such as hand tool redesign, can
considerably reduce risk factor exposure and enhance
awareness of musculoskeletal problems and unsafe postures
among small-scale furniture workers ((Jain et al., 2020);
(Mirka, 2005). According to Ratnasingam et al. (2012),
contract employees in the furniture business had a lower risk
of occupational accidents and a more positive attitude

toward safe working procedures.
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Finally, the furniture business can preserve a
competitive edge in the digital age by improving production
efficiency and effectiveness. Lean manufacturing,
autonomous control systems, intelligent product design
frameworks, and effective supply chain management can
optimize resource utilization, cut cycle times, and boost
productivity. Furthermore, reducing waste, promoting
sustainability, and improving employee health and safety
can help the furniture industry's production efficiency and

effectiveness.

3.4.3. Advancements in Marketing

In the digital age, the furniture business faces more
competition and upheaval. Businesses must embrace
creative techniques, such as marketing improvements. Azizi
et al. (2016) proposed a multi-criteria decision-making
strategy for assessing the long-term viability of the wooden
furniture sector. As a high-priority sub-criteria, the study
emphasizes the importance of economic stability, the
construction of furniture manufacturing clusters, the
elimination of volatile organic compounds, and the creation
of a competitive environment. Businesses that prioritize
these factors are more likely to get a competitive advantage.

Industry must focus on innovation and
sustainability. Ng Thiruchelvam (2012) conducted a case
study on Malaysia's Muar furniture cluster, highlighting the
role of innovation in the industry's success. The industry
must be creative and adaptable in product creation,
production, and marketing approaches (Wu et al., 2023).
Figure 2 shows an example of AR/VR technology used in
the furniture industry: the IKEA Place app. This app allows
users to use their smartphone camera to visualize how IKEA
furniture would look in their homes. Using AR technology,
the app can overlay furniture images onto the user's camera
view, giving them an idea of how it would fit into their
space.

Another example is the Wayfair app, which
includes an AR feature called "View in Room." This feature
allows customers to use their smartphone camera to place a

3D model of a piece of furniture into their room and see

how it would look in real-time. It gives customers a better
sense of the furniture's size and scale and helps reduce the
risk of purchasing something that does not fit well in their
space.

Furthermore, Jicome et al. (2021) suggested a
methodology for establishing innovation as a dynamic
competence for furniture sector organizations. The research
finds organizational elements that promote the
development of dynamic capabilities, thereby supporting
businesses in sustaining a competitive advantage
(Guimaries et al., 2016).

The industry must thoroughly know its market and
client requirements to implement these strategies correctly.
The green value chain activities in the furniture sector
conclude that businesses must identify environmentally
friendly methods in various value chain functions.
Businesses prioritize meeting customers' demands while
implementing sustainable practices. Additionally, (Carpano
et al., 2006) emphasize the significance of changes in the
mature localized sector due to international rivalry and the
firm's resource-based orientation. Businesses that recognize
and adapt to market developments are more likely to sustain
their competitive advantage.

On the other hand, the industry must examine
potential hurdles to implementing marketing enhancement
initiatives. According to Abu et al. (2019), as
implementation challenges, lean organizations encounter
staff-related issues, a lack of implementation knowledge,
and employee reluctance to change. These difficulties
highlight the importance of good change management and
staff engagement in successfully implementing marketing
improvement plans.

The furniture industry must implement new
strategies focused on sustainability, innovation, and client
needs to preserve a competitive advantage in the digital age.
Addressing possible roadblocks, such as employee resistance
to change, is critical for successfully implementing these
techniques. The industry may revolutionize the furniture
sector in the digital age by emphasizing these criteria and

successfully adopting marketing optimization tactics.
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Recycled materials
-

Figure 1. Examples of sustainable manufacturing practices in the furniture industry (credit: Pixabay). Some images from Pixabay

have been merged and modified by adding additional labels and text.

IKEA Place uses AR to Wayfair's "View in Room
feature allows customers to

see how furniture will look in
their space

overlay furniture onto a
user's camera view

Figure 2. Examples of augmented reality (AR) and virtual reality (VR) technology are being used in the furniture industry
(credit: IKEA and Wayfair)—images from IKEA and Wayfair are modified by adding additional labels and text.
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4. CONCLUSION
The journey of the furniture industry into the

digital age has been marked by a series of transformative
changes driven by the adoption of digital technology. The
analysis underscores the pivotal role of technologies such as
CNC machinery, 3D modelling, and ERP systems in
revolutionizing production, design, and supply chain
management. These technologies have enhanced
operational efficiencies and opened new avenues for product
customization, elevating the customer experience to
unprecedented levels.

The case studies of Integral Surface Design (ISD),
IKEA, Newport Furniture Parts, Herman Miller, West
Elm, Blu Dot, Ekomia, and others serve as testaments to the
economic benefits and competitive advantages that digital
technology can yield. However, the successful integration of
these technologies is contingent upon overcoming
challenges inherent in digital transformation. It requires
robust change management strategies sensitive to workforce
concerns and committed to fostering a culture of
continuous learning and innovation.

As the furniture industry looks forward, it must not
only embrace current digital trends but also remain vigilant
to the evolving technological landscape. Continuous
innovation and adaptation are not mere options but
necessities for sustaining growth and relevance in an
increasingly digital marketplace. The future of the furniture
industry lies in its ability to leverage technology not just as
a tool for efficiency but as a cornerstone for creating value,
driving creativity, and delivering solutions that resonate
with the dynamic needs of consumers.

The digital age is not a phase but a new reality for
the furniture industry. Companies that understand and act
upon the imperatives of digitalization will lead the way in
setting standards for quality, sustainability, and customer
satisfaction. Through this lens, the furniture industry can
envisage and shape its future—a digital, innovative, and

inclusive future.
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