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Abstract— The printing industry plays a vital role in communication, education, and the creative
economy, yet it is also associated with considerable environmental impacts due to high energy
consumption, reliance on petroleum-based raw materials, intensive water use, and significant
waste generation. In response to increasing societal pressure, regulatory demands, and
sustainability-oriented market expectations, Green Manufacturing has emerged as a critical
paradigm to reduce the ecological footprint of the printing sector while maintaining its economic
and social functions. This study aims to systematically review the existing body of knowledge on
Green Manufacturing in the printing industry by identifying dominant research trends, examining
key implementation challenges, and proposing a future-oriented research and policy roadmap. A
Systematic Literature Review (SLR) was conducted following PRISMA guidelines, synthesizing 35
peer-reviewed international journal articles published between 2014 and 2024 and indexed in
major scientific databases. The findings reveal three dominant research streams: (1) innovation in
sustainable raw materials, including plant-based inks and recycled or bio-based substrates; (2)
process and energy efficiency improvements through digital printing technologies and waterless
printing systems; and (3) the adoption of circular economy principles for waste reduction and
resource recovery. Despite technological progress, implementation remains constrained by high
initial investment costs, technical performance gaps of green materials, fragmented sustainability
standards, and limited awareness among consumers and small and medium-sized enterprises
(SMEs). Based on identified gaps, this paper proposes a future roadmap emphasizing locally
sourced eco-materials, integration of Al and loT for process optimization, development of globally
harmonized sustainability standards, and circular economy-driven business models. By
positioning Green Manufacturing as a socio-technical transformation rather than a purely
technological shift, this study contributes strategic insights for researchers, industry practitioners,
and policymakers seeking to accelerate a sustainable transition in the printing industry.
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1. Introduction

The global printing industry remains a key pillar of the creative economy and knowledge dissemination
ecosystem, with a market value exceeding USD 820 billion in 2024 [1]. Printed media continues to support
education, packaging, cultural expression, and public communication. However, behind these societal
contributions lies a substantial environmental burden. Conventional printing processes, particularly
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offset printing, depend heavily on petroleum-based inks that emit volatile organic compounds (VOCs),
solvent-based cleaning agents, intensive water usage, and high energy consumption for drying and
finishing operations [2], [3].

From a broader societal perspective, the environmental impacts of the printing industry intersect with
public health concerns, regulatory compliance, and consumer trust. Governments worldwide have
introduced stricter environmental regulations related to emissions, waste management, and chemical
safety, while consumers increasingly demand environmentally responsible products [4]. These pressures
have transformed sustainability from a voluntary initiative into a strategic necessity for industrial survival
and social legitimacy.

Green Manufacturing, defined as a systematic approach to minimizing environmental impacts across the
entire product life cycle while optimizing resource efficiency [5], has gained prominence as a response to
these challenges. In the printing industry, Green Manufacturing encompasses sustainable material
selection, cleaner production processes, energy-efficient technologies, and end-of-life management
through recycling and circular economy strategies.

Although numerous studies have examined specific green technologies such as soy-based inks, digital
printing, or waterless offset systems, existing research remains fragmented and largely technology-
centric. There is a lack of integrative studies that connect technological innovation with economic
feasibility, regulatory frameworks, workforce readiness, and societal acceptance. This gap limits the
translation of scientific advances into large-scale, socially embedded implementation.

Therefore, this review addresses the following objectives: (1) to analyze dominant research trends in
Green Manufacturing within the printing industry; (2) to identify key economic, technical, regulatory, and
social barriers to implementation; and (3) to propose a future roadmap that integrates technological
innovation with policy, industry practices, and societal needs. By doing so, this study positions Green
Manufacturing as a socio-technical transformation that aligns scientific progress with sustainable
development goals.

Figure 1illustrates the conceptual framework of Green Manufacturing in the printing industry, highlighting
interactions between technology, environment, policy, and society.
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Figure 1. Green Manufacturing framework in the printing industry


https://doi.org/10.64123/ijss.v2.i1.1

1JSS-Vol. 2, No. 1, June 2026. 1-4
https://doi.org/10.64123/ijss.v2.i1.1

2. Method

This study adopts a Systematic Literature Review (SLR) methodology to ensure transparency, rigor, and
replicability, following PRISMA guidelines [6].

2.1 Search Strategy

Literature searches were conducted across Scopus, Web of Science, IEEE Xplore, ScienceDirect, and
SpringerLink using combined keywords:

("green manufacturing" OR "sustainable manufacturing") AND ("printing industry" OR "print media") AND
("digital printing" OR "eco-friendly inks" OR "circular economy" OR "waste management").

2.2 Inclusion and Exclusion Criteria

Included studies were peer-reviewed journal articles published in English between 2014 and 2024,
focusing on sustainability technologies, implementation strategies, or environmental assessments in
commercial printing. Conference papers, technical reports, office-scale printing studies, and generic
sustainability discussions without printing-specific context were excluded.

2.3 Selection and Synthesis

From an initial pool of 512 articles, 35 studies met the inclusion criteria after title, abstract, and full-text
screening. The selected articles were thematically analyzed to identify recurring patterns, debates, and
research gaps.

3. Result and Discussion

3.1 Research Trends in Green Manufacturing

Three dominant pillars of research were identified.

Pillar 1: Sustainable Raw Material Innovation.

Research has expanded beyond soy-based inks to include algae-based and UV-curable solvent-free inks,
significantly reducing VOC emissions [7], [8]. Parallel studies focus on improving the quality and
printability of high-recycled-content paper and biodegradable substrates [9].

Pillar 2: Process and Energy Efficiency.

Digital printing technologies enable on-demand production, reducing setup waste and overproduction
[10]. Energy-efficient machine design, heat recovery systems, and waterless printing technologies further
reduce environmental footprints [11].

Pillar 3: Circular Economy and Industrial Symbiosis.

Recent studies emphasize chemical recycling of plastic-based print waste, improved de-inking
processes, and industrial symbiosis models where printing waste becomes input for other sectors [12],
[13].

3.2 Implementation Challenges

Despite technological maturity, implementation barriers persist. High capital costs disproportionately


https://doi.org/10.64123/ijss.v2.i1.1

1JSS-Vol. 2, No. 1, June 2026. 1-4
https://doi.org/10.64123/ijss.v2.i1.1

affect SMEs [14], while performance limitations of green materials and inconsistent sustainability
standards hinder market confidence [15]. Moreover, limited workforce skills and low consumer
awareness reduce demand for sustainable print products [16].

4. Conclusion

Green Manufacturing represents a strategic pathway for aligning the printing industry with environmental
sustainability, economic resilience, and societal expectations. While research progress is evident,
effective implementation requires coordinated efforts among researchers, industry actors, and
policymakers. It is recommended that governments support SMEs through incentives and training
programs, while future studies adopt interdisciplinary approaches that integrate technology, policy, and
social behavior.
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