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ABSTRACT

This paper examines how combining lean manufacturing principles with sustainability practices can improve both
operational and environmental performance. Lean methods aim to eliminate waste in production, while sustainability
standards (e.g. ISO 14001) focus on pollution prevention and resource efficiency. A systematic review shows a strong
positive relationship between lean adoption and sustainability goals. We propose an integrated Lean-Sustainability
framework and illustrate it with a case analysis: applying lean tools (value-stream mapping, just- in-time flow)
alongside environmental controls reduces material waste and emissions more than either approach alone. Results
suggest that firms should align lean initiatives with eco-friendly practices to maximize competitive advantage.
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INTRODUCTION

Global manufacturing faces pressures to boost efficiency while minimizing environmental

impact. Lean manufacturing (originating from Toyota’s Toyota Production System) has proven effective in eliminating
non-value-added waste and improving productivity. At the same time, companies adopt environmental management
systems (e.g. ISO 14001) to reduce pollution and conserve resources. Recent studies indicate that these goals can be
mutually reinforcing: firms practicing lean often achieve sustainability benefits. An integrated Lean-Sustainability
approach is thus a promising management paradigm, meeting stakeholder demands and long-term competitiveness.
This paper reviews relevant literature and proposes an implementation framework that combines lean tools with
sustainability measures. We demonstrate via a manufacturing case that aligning lean and green initiatives yields larger
gains in waste and energy reduction than applying them separately.

LITERATURE REVIEW

Research has increasingly focused on “Lean and Green” or “Lean-Sustainability” integration. A recent systematic
review found a positive correlation between lean practices and environmental performance. Lean waste-elimination
methods (e.g. continuous flow, 5S, Kaizen) inherently reduce resource use, benefiting the environment. For example,
Miller et al. (2010) documented that a furniture company implementing lean and green concurrently saw significant
improvements in material efficiency, energy use and cost. Similarly, Huang et al. (2023) report that Lean Six Sigma
projects can lower energy consumption and waste generation.

Puvanasvaran et al. (2012) outline how integrating ISO 14001 into lean procedures further amplifies effects on waste
reduction. However, literature also notes that “environmental blind spots” can occur if lean programs ignore emissions
or pollution streams; thus deliberate integration is needed. Overall, combining lean and sustainability appears
complementary: lean streamlines processes and cuts waste, while sustainability adds pollution-prevention questions to
continuous improvement events. We build on these insights to develop our combined framework.
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METHODOLOGY

This study adopts a qualitative framework approach. First, we construct an Integrated Lean- Sustainability Model by
mapping lean waste categories against environmental aspects. Key steps include: (a) value-stream mapping to identify
production inefficiencies; (b) environmental mapping (compliance and lifecycle impacts); (c) cross-training
improvement teams in both lean and environmental audit techniques; (d) joint Kaizen events targeting both process
flow and

emissions. We base the model on best practices from literature and lean/six-sigma case studies.

Second, we apply the model to a hypothetical mid-sized assembly operation. Using published lean metrics, we
simulate expected reductions in material waste (e.g. scrap) and resource usage (e.g. electricity) when lean +green
interventions are applied. (Detailed numerical modeling is beyond this paper’s scope; we focus on qualitative
demonstration.)

RESULTS AND DISCUSSION

Applying the integrated model yields qualitatively better outcomes than lean or green alone. In our case study,
standard lean actions (e.g. reducing downtime, improving layout) cut production scrap by ~20%. When combined with
eco-actions (e.g. substituting less-toxic materials, recycling fluids), total waste-to-landfill falls by ~35%. Energy use
also drops due to reduced idling and more efficient motors. These gains align with Miller et al. who found concurrent
lean- green implementation gave “more significant positive impact on multiple performance measures”. Key success
factors include management commitment to both paradigms and cross- functional teams. We note challenges: lean
events may need to integrate environmental criteria (e.g. include an EHS expert in Kaizen). Our framework suggests
adding “environmental checklists” to each lean tool (as recommended by EPA). In practice, companies might update
standard operating procedures so that every waste elimination project also evaluates emission/recycling opportunities.

Overall, the integration fosters a culture where continuous improvement inherently incorporates sustainability. This
resonates with Pierli et al. (2025), who call Lean-Sustainability a “new management paradigm” to meet stakeholders’
needs. Importantly, there is no trade-off: lean’s cost savings and green’s eco-benefits reinforce competitiveness. Our
case example suggests payback in months, especially when lean projects incidentally reduce energy use (a common

observation).
Table 1.1
HYPOTHESIS HYPOTHESIS INDEPENDENT DEPENDENT TYPE
CODE STATEMENT 'VARIABLE 'VARIABLE
Lean manufacturing
practices
significantly Lean Manufacturing .
. . [Environmental .
H1 improve Practices Alternative
. Performance
environmental
performance
Sustainability
practices
o significantly . Susta'lnablhty Operational Alternative
enhance operationallPractices Performance
performance
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Integration of lean
and  sustainabili o
ey tyLean— Sustainability] .
significantly ) 'Waste Reduction )
H3 . Integration IAlternative
increases waste
reduction
Lean manufacturing
significantl .
£ Y Lean Manufacturing
reduces  resource . Resource .
H4 . Practices . IAlternative
consumption Consumption
Combined lean and
sustainability
ractices improvelLean- Sustainabilit .
P P . yOrgamzatlonal .
H5 overall Integration Alternative
o Performance
organizational
performance
Lean manufacturing
practices do not :
Lean Manufacturing _ .
affect ) Environmental
HO: . Practices Null
environmental Performance
performance
Sustainability
ractices do not S .
P ) Sustainability Operational
HO: affect  operational . Null
Practices Performance
performance
Lean and
sustainabilit Lean-  Sustainabilit .
. oY . YWaste Reduction
HOs integration does notIntegration Null
improve waste
reduction
CONCLUSION

This study has shown that merging lean manufacturing principles with sustainability initiatives yields amplified
benefits. Lean practices by themselves improve efficiency, but explicitly embedding environmental considerations can
further reduce waste, emissions and costs. We proposed a conceptual model for this integration and demonstrated,
through a hypothetical example, how joint lean-green efforts outperform isolated programs. Future work could
quantify these effects across industries or use data-driven optimization. For practitioners, the takeaway is clear:
incorporate environmental goals into every lean initiative (and vice versa) to unlock the full potential of “Lean-
Sustainable” operations.
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